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Twenty to thirty percent of children with 
epilepsy continue to have seizures despite 
anti-epileptic drugs (AEDs) treatment and 
are defined as medically intractable epi-
lepsy. Intractable epilepsy frequently has 
developmental impact, causing permanent 
neurodevelopmental deficits in children.  

Recently  developed  neurodiagnostic 
studies and treatment modalities have sub-
stantially altered the management of pa-
tients with intractable epilepsy. The newly 
developed AEDs are frequently used for the 
treatment of patients unresponsive to con-
ventional AEDs. Nonpharmacologic options 
for  intractable  epilepsy  include  dietary 
therapy such as ketogenic diet and modified 

Atkins diet, epilepsy surgery, and neuro-
modulatory treatments such as vagus nerve 
stimulation. Ketogenic diet is an effective 
and safe treatment for epilepsy in children; 
increasing use has led to modification of 
protocol for higher efficacy and better toler-
ability.  When epilepsy  is  intractable  to 
medical  treatment,  epilepsy  surgery  in-
cluding surgical resection of epileptogenic 
area, or palliative surgery can be consid-
ered. Vagal Nerve Stimulation is recom-
mended for patients who are not candidates 
for  resective  surgery.  These  nonpharm-
cologic treatments could result in resump-
tion of developmental progress in patients 
with childhood intractable epilepsy. 
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Active  application  of  newly  developed  
medical and surgical treatments could pro-  
vide better outcome in seizure control and 
developmental progress in patients with 
intractable epilepsy.  
 

Introduction 
Epilepsy affects approximately 0.5 to 1% 

of general population through the life. Of 
those  newly  diagnosed  as  epilepsy,  ap-
proximately 70% are children under the age 
of 16 years. Whereas the majority of pa-
tients with childhood-onset epilepsy attain 
remission, about 20 to 30 percents of chil-
dren continue to have seizures despite ac-
tive anti-epileptic drugs (AEDs) treatment 
and are defined as medically refractory epi-
lepsy (1). Until recently, advanced treat-
ments of medically intractable childhood 
epilepsy including  newer  AEDs,  dietary 
therapy, epilepsy surgery, and neuromodu-
latory therapy have been developed and 
widely used. This review summarizes the 
advanced treatment modalities for children 
with medically intractable epilepsy. 

 
Newer antiepileptic drugs 

Traditionally,  AED  marketed  before 
1990 are defined as ‘old’ AED, while drugs 
that have been introduced after 1990 are 
considered ‘newer’ AED. In the past decade, 
more than 10 newer AEDs have been re-
leased, and most of these drugs have ad-
vantages in pharmacokinetics, tolerability, 
and drug interactions as compared with old 
AEDs such as  phenobarbital,  phenytoin 
(PHT), carbamazepine (CBZ), and valproic 
acid (VPA). Although the list of adverse ef-

fects of the new AEDs is extensive, the ma-
jority of adverse effects is mild and can be 
either anticipated or readily reversed by 
dose reduction. As new AEDs with a variety 
of  mechanisms  of  action  become  well 
known, it becomes more important to use 
these drugs as add-on therapy and first-line 
treatment in epilepsy. In this review we 
discuss  the  anticonvulsant  mechanisms 
and clinical applications of the new drugs 
that are widely used in intractable child-
hood epilepsy.  

 
Vigabatrin 

Vigabatrin (VGB) is a specific, enzyme-
activated irreversible inhibitor of GABA 
transaminase,  the  enzyme  involved  in 
GABA metabolism.  The  drug  has  been 
shown to be effective as add-on therapy in 
children with partial seizures and West 
syndrome, especially caused by tuberous 
sclerosis complex (2, 3, 4). In 1996 the first 
case of visual field defect, a serious irre-
versible loss of peripheral vision, was re-
ported in association with VGB, followed by 
increased recognition of the frequency of 
this unique adverse effect in over 60% of 
patients (5). As the defects cannot be tested 
in children, VGB, initially marketed for 
treating  partial  epilepsy,  was  virtually 
abandoned except  for  special  situations. 
The recommended starting dose is 40 mg/kg 
per day, which can be increased to 50-100 
mg/kg per day as required. In West syn-
drome, dosages of more than 100 mg/kg per 
day have been used (4).  
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Zonisamide 
Zonisamide (ZNS) was developed in Ja-

pan and has been widely used in Japan and 
South Korea (6). It acts on voltage-sensitive 
sodium channels and voltage-dependent T-
type calcium channels, without affecting L-
type calcium currents (7). Approved for the 
treatment of partial epilepsy, the drug has 
a broad spectrum of activity for both partial 
and generalized epilepsies, especially for 
myoclonic epilepsy (8). Treatment is started 
at 1.5 mg/kg per day, and gradually in-
creased to a maximum of 10 to 15 mg/kg per 
day.  
 

Gabapentin 
Although gabapentin (GBP) was designed 

as a GABA agonist, the mode of action of 
this anticonvulsant, a structural analogue 
of GABA, is still uncertain. Its mechanism 
of action is thought to utilize the L-system 
of long chain amino acid transport system, 
transporting  bulky  hydrophobic  acids 
through membranes, and additionally to 
have sodium channel effects (9). It is effec-
tive for monotherapy in newly diagnosed 
epilepsy. It is also effective in reducing sei-
zure frequency as adjunctive therapy in pa-
tients with refractory partial seizures. Al-
though the advantage of GBP is its least 
adverse cognitive effects than other AEDs, 
reported side effects in some children in-
clude somnolence, fatigue, dizziness, and 
defiance (10).  
 
Lamotrigine 

Lamotrigine  (LTG)  was  introduced  in 
1994 for the treatment of partial epilepsy, 

later extended to generalized epilepsy (11). 
Its mechanism of action is inhibition of 
voltage-sensitive sodium currents through 
interaction with slow inactivated sodium 
channels (12). It has a favorable pharma-
cokinetic profile, although 55% is bound to 
protein, and subject to major interaction 
with cytochrome p450 enzyme inducers, es-
pecially with VPA, which significantly in-
hibits its metabolism. It is effective both in 
partial and generalized seizures in children 
(13).  LTG  occasionally  exacerbates  the 
myoclonus in severe myoclonic epilepsy in 
infancy (14), which is another limiting fac-
tor of its use in this condition compared to 
VPA. Adverse effects reported were serious 
rashes  and  immunological  disturbances, 
preventable by slow titration, especially in 
the presence of VPA. When LTG is given to 
a child who is already receiving VPA, a 
starting dose of 0.1 to 0.2 mg/kg per day is 
recommended, with slow increment to a 
maintenance dose of 1 - 5 mg/kg per day. 
When LTG is used as monotherapy, optimal 
doses range from 5 to 15 mg/kg per day, 
with a starting dose of approximately 1 to 2 
mg/kg per day.   
 

Topiramate  
Topiramate (TPM) is reported to have 

mechanisms  of  action  including  activity 
against ligand-gated Na+ channels linked to 
AMPA subtype of glutamate receptors and, 
to a limited extent, blockade of voltage-
dependent Na+ channels as well as en-
hancement of GABA-mediated Cl- currents 
(15). It is approved for treatment of partial 
seizures, and also for treating generalized 
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epilepsy as a second-line drug (16). It has a 
favorable pharmacokinetic profile, and few 
interactions. TPM is associated with weight 
loss and paresthesias (17). The major side 
effect of the drug is its adverse action on 
cognitive function (18). Titration appears to 
be beneficial to decrease the incidence of 
cognitive deficits. Treatment is started at 
0.5 to 1.0 mg/kg per day, and gradually in-
creased to a maximum of 5 to 9 mg/kg per 
day. For West syndrome, higher dose upto 
20 mg/kg per day can be tried.  
 
Oxcarbazepine 

Oxcarbazepine (OXC), a saturated ana-
logue of CBZ that is devoid of the ability to 
be transformed to the 10, 11-epoxide, has a 
pharmacologic spectrum and potency simi-
lar to that of CBZ, but a lower incidence of 
adverse effects such as rash and hypersen-
sitivity reactions (19). OXC has a higher 
incidence of laboratory abnormalities, es-
pecially hyponatraemia, but this finding 
infrequently leads to  complications (20). 
For partial seizures, it has a comparable 
efficacy as VPA, PHT, and CBZ, both in 
adults and children. Optimal dosage for 
children is 30 mg/kg per day, but can be in-
creased to 60 mg/kg per day.  
 
Levetiracetam 

Levetiracetam (LEV) is an AED with lin-
ear  pharmacokinetics,  minimal  metabo-
lism, an incompletely described mechanism 
of action, and a unique preclinical profile. 
The mechanism of action seems to inhibit 
N-type  high-voltage–activated  Ca2+  cur-
rents partially and reduces the neurotrans-

mitter  release  from presynaptic  vesicles 
(21). LEV has demonstrated efficacy and a 
favorable  tolerability  as  an  adjunctive 
therapy in adults and children with medi-
cally intractable epilepsy (22, 23). LEV also 
appears to have a broad spectrum. It was 
reported to be effective in generalized spike 
wave epilepsy (24), myoclonic epilepsy (25), 
and childhood syndromes such as rolandic 
epilepsy (26). There are no major side ef-
fects, but irritability and behavior changes 
are noted in some children. The overall tol-
erability of LEV is generally considered to 
be high. Dose range of LEV monotherapy is 
15 to 60 mg/kg per day for children (23, 27).  

Since 1990’s, more than 10 newer AEDs 
have been developed and become available 
(16).  As  a consequence,  choosing  which 
drug to treat a patient with intractable 
childhood epilepsy has become more impor-
tant. The selection of AEDs should be based 
on the best available data on the efficacy for 
the type of seizure or specific epilepsy syn-
drome, a consideration of the toxicities as-
sociated with the medication, with an ap-
preciation of the comorbidities that may 
exist in children with epilepsy and paying 
attention to the adverse effect on cognition 
and behavior.   
 
Ketogenic diet 
The  ketogenic  diet  (KD)  is  high  fat, 
adequate  protein  and  low  carbohydrate 
diet, and has been shown to be an effective 
alternative  treatment  for  children  with 
medically  intractable  epilepsy  (28). 
Historically, it was originally developed in 
the 1920s, but was not used until 1994 
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when  its  highly  effective  anti-epileptic 
potential was introduced to public in some 
intractable pediatric cases (28). Currently 
KD is thought to be more effective than 
most of the newer AEDs (29). In general, at 
least half of all patients treated with the 
KD will show a 50% or greater reduction of 
seizure frequency (28, 30-33). Any seizure 
type  may  respond  to  the  diet;  some 
generalized  seizure  types  including 
myoclonic, atonic, generalized tonic-clonic, 
and even infantile spasms may respond 
preferentially. The KD works in all ages, 
from infancy through adulthood, although 
it may be most effective in the toddler and 
school-aged  child  (34).  A  Korean 
multicentric study of KD efficacy at 6 and 
12 months after the diet in 199 children 
with intractable epilepsy of different types 
revealed that more than 50% of patients 
remained on the diet; 58% and 41%, re-
spectively showed a reduction of seizure 
frequency of >50%, including 33% and 25% 
who became seizure free (32, 35). Although 
the  conventional  Asian  diet  contains 
substantially  less  fat  than  traditional 
Western  diets,  the  KD  is  a  safe  and 
effective alternative therapy for intractable 
childhood epilepsy in Korea (32, 36, 37).  
The mechanism of KD on seizures is still 
unknown. It is suggested that KD affects 
intermediary metabolism that influences 
the dynamics of the major inhibitory and 
excitatory  neurotransmitter  systems  in 
brain (32, 38). During consumption of the 
KD,  alterations  in  brain  energy 
metabolism  occur,  with  ketone  bodies 
replacing glucose as fuel (39). Although the 
exact  mechanism  of  its  anti-epileptic 

efficacy is still unclear, the ketone body 
could play a role in seizure protection.   
The KD is most commonly initiated during 
a 5- to 7-day hospitalization. The diet in-
volves restricting protein and carbohydrate 
intake and supplying about 80 to 90% of 
calorie intake through fats. The classical 
Johns-Hopkins protocol has been revised 
by elimination of the initial fasting period, 
starting with one-third of the total calories 
on day 1, two-thirds of total calories on day 
2, and the full calorie diet on day 3, as the 
patient tolerates (37). Hospitalization al-
lows close monitoring of potential side ef-
fects during the initial KD administration 
as well as adequate education to family for 
its home maintenance (28, 31, 40). A Ko-
rean study of KD complications in 129 chil-
dren revealed that the most common early-
onset complication was dehydration, espe-
cially in patients who started the KD with 
initial fasting (41). Other early-onset com-
plications are gastrointestinal disturbance, 
transient alteration of lipid profiles, vari-
ous infectious diseases, symptomatic hypo-
glycemia, electrolyte imbalance and persis-
tent metabolic acidosis. Late-onset compli-
cations include osteopenia,  renal stones, 
cardiomyopathy, secondary hypocarnitine-
mia,  and  iron-deficiency  anemia.  Most 
complications of the KD are transient and 
can be easily managed with various conser-
vative treatments (41).  

 
Epilepsy Surgery 

When epilepsy is intractable to medical 
treatment, surgical resection of the tissue 
responsible for the epilepsy should be con-
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sidered (42). The evaluations to identify an 
epileptogenic area include a study of the 
seizure semiology, neurological examina-
tion,  video-electroencephalography (EEG) 
monitoring, high resolution magnetic reso-
nance imaging (MRI) and neuropsychologi-
cal evaluation (43). Advanced neuroimag-
ing including positron emission tomogra-
phy (PET), single photon emission comput-
erized tomography (SPECT) and magne-
toencephalography (MEG) may be helpful 
to determine the epileptogenic area (44). 
Invasive  intracranial  monitoring can be 
performed to confirm the exact location and 
margin of the actual epileptogenic area. In-
vasive study is also important to differenti-
ate the eloquent cortex from epileptogenic 
region in addition to functional mapping 
(45). The types of procedures used in the 
resective surgical treatment of epilepsy in 
children consist of focal resection of tempo-
ral lobectomy, extratemporal cortisectomy 
or  lobectomy,  and  hemisphere(o)ctomy. 
Corpus callosotomy is performed as a pal-
liative procedure because it is only helpful 
for drop attacks and not for other types of 
seizures to interrupt the spread of epileptic 
discharges  from one  hemisphere  to  the 
other (46). Multiple subpial transaction can 
prevent seizures from spreading but leave 
the function of the area intact (47). There-
fore, it is often used where there is involve-
ment of eloquent cortex. The seizure out-
come of epilepsy surgery in appropriately 
selected cases is much better than those 
treated with AEDs. In children who under-
went temporal lobectomy, a favorable out-
come (Engel Class 1 or 2) has been reported 
in more than 75% (48). For children who 

underwent extratemporal focal cortical re-
section, the percentage achieving a favor-
able outcome (Engel Class 1 and 2) is sug-
gested to be more than 50%, which is less 
than temporal lobectomy (49, 50). For the 
treatment of intractable childhood epilepsy, 
it is important to diagnose intractability  
early and identify the surgically remediable 
epilepsy syndromes prior to the cessation of 
neuronal plasticity (51). 

 
VNS (vagal nerve stimulation) 

Electrical stimulation of the vagus nerve 
(VNS)  is  a  neuromodulatory  treatment 
that was developed in the late 1980s and is 
currently conducted in specialized epilepsy 
centers worldwide (52). The mechanism of 
action of VNS is poorly understood. The 
left vagus nerve consists of afferent fibers, 
and these fibers terminate in the nucleus 
of the solitary tract. It is suggested that 
intermittent  stimulation  of  vagus  nerve 
using a neuron cybernetic prosthesis can 
activate cortical and subcortical structures, 
which are projected from the nucleus of 
solitary tract. Even though acute changes 
in neurotransmitter metabolites such as 
norepinephrine have been demonstrated in 
the CSF, the gradual increase in efficacy of 
chronic stimulation suggests some plastic 
changes in circuitry. 
Clinical studies over the past two years 
have reported efficacy of VNS in specific 
patient  groups,  including  those  with 
bitemporal  epilepsy,  Lennox-Gastaut 
syndrome,  persistent  seizures  after 
epilepsy surgery, and patients who use the 
supplied  magnet  to  abort  or  attenuate 
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seizures  (52,  53).  Other  studies  have 
confirmed long-term seizure  control and 
emphasized  the  potential  benefit  of 
improving the quality of life and cognitive 
function in a patient's course of epilepsy 
(54). Although clinical efficacy has been 
demonstrated in children in Korea, its use 
is limited due to the high cost (55).   
 

Other advanced therapy 
There are other experimental trials for 

intractable  epilepsy,  including  electrical 
cortical  stimulation,  direct  delivery  of 
AEDs into epileptogenic cortex, gene ther-
apy and cell therapy. Further studies dem-
onstrating the safety and efficacy of these 
advanced therapies for intractable epilepsy 
should be performed.  
 

Conclusion 
Active  application  of  newly  developed 

medical and surgical treatments could pro-
vide better outcome in seizure remission 
and  developmental  progress  in  patients 
with intractable epilepsy. Further research 
and development for the treatment of in-
tractable childhood epilepsy may provide 
some hope to families struggling with in-
tractable epilepsy. 
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