
The epileptic encephalopathies of childhood are amongst the
most challenging seizure disorders to treat for the pediatric
neurologist. The seizures associated with these syndromes are
characteristically intractable to most conventional anti-epileptic
drugs, although some do show response to specific therapies.
Frequently, multiple seizure types are present, or evolve over
time. 

The cognitive and behavioral co-morbidity is even more
catastrophic than the intractable seizures. The cardinal feature of
the epileptic encephalopathies is that cognitive and behavioral
deterioration occurs as a direct consequence of frequent seizures
and epileptiform discharge and is not solely due to the
underlying cause of the seizures. While a proportion of children
with these syndromes are found to have an underlying etiology,
including a malformation of cortical development, genetic or
metabolic disorder, many have no identifiable, underlying
etiology. Particularly for this “idiopathic” group, unless the
epilepsy and marked electroencephalogram (EEG) abnormalities
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respond to therapy, the outcome is usually devastating.
Epileptic encephalopathies comprise a number of syndromes

that tend to present at certain ages.1 Some of these can be readily
diagnosed early in their course, whereas others take time to
evolve, and a definitive diagnosis may not be made for months
to years. This paper describes the most common epileptic
encephalopathies of childhood, discusses the cognitive and
behavioral co-morbidities and reviews the most effective
treatments.
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Epileptic Encephalopathy Syndromes (see Table)

Early Myoclonic Encephalopathy

This syndrome presents in the neonatal period with erratic
myoclonus which shifts from one part of the body to another.2

Myoclonus may become more prominent, and most infants also
develop subtle partial seizures consisting of eye deviation and
autonomic signs. When tonic spasms occur, they tend to do so
later in the course. The EEG shows a suppression-burst pattern
and the erratic myoclonus does not have an electrographic
correlate. Some patients with this syndrome have an inborn
metabolic error including non-ketotic hyperglycinemia,
molybdenum cofactor deficiency, organic aciduria, amino-
acidopathy and pyridoxine dependency, but structural brain
abnormalities are very uncommon. No effective antiepileptic
therapy exists and prognosis is very guarded. Approximately half
of infants die by one to two years and survivors are usually left
in a vegetative state.

Early Infantile Epileptic Encephalopathy (Ohtahara
syndrome)

Infants present in the first few months of life with prominent
tonic spasms that often occur in clusters, and partial motor
seizures.3 Myoclonic seizures may occur but are not a prominent
feature. The EEG shows a suppression-burst pattern in both
wakefulness and sleep. Most infants have an underlying
malformation of cortical development and inborn metabolic
disorders are exceedingly rare. Mortality is high, and survivors
usually evolve to West syndrome or refractory partial seizures.
Although seizures are usually intractable, infants with cortical
dysplasia may benefit from surgical treatment.4

Migrating Partial Epilepsy in Infancy

This rare condition presents in the first one to seven months
of life with exceedingly frequent, multifocal, partial seizures
often with autonomic or motor symptoms.5 The course may
cycle between clusters of nearly continuous seizures interspersed
with periods of relative quiescence. Ictal recording confirms the
multifocal onset of seizures, and several focal seizures may be
ongoing in the brain at any one time. However the seizures may
be restricted to just one area for the first few months.6 Marked
developmental regression occurs and infants are left with
profound hypotonia. The underlying cause of this disorder is
unknown. Brain imaging is normal and there have been no
familial cases.

West Syndrome

West syndrome presents in infancy (peak age four to six
months) and has been defined as a triad of infantile spasms,
mental retardation and hypsarrhythmia.7 Mental retardation is
usually not apparent at the onset and the occurrence of clusters
of spasms associated with hypsarrhythmia on an interictal EEG
has recently been recommended as the criteria for diagnosis of
West syndrome.8 Spasms usually occur in clusters, often shortly
after awakening. Asymmetric spasms are suggestive of possible
focal cortical pathology. While approximately one third of
infants are developmentally normal prior to the onset of West
syndrome, most show a plateauing or regression of development
with the emergence of spasms. 

Hypsarrhythmia is the characteristic interictal EEG pattern
but may occasionally be seen only during non-REM sleep.
Furthermore, with age, hypsarrhythmia becomes less
disorganized with greater interhemispheric synchronization. The
term “modified hypsarrhythmia” has been used to describe less
typical patterns.9 The ictal recording is usually characterized by
a high-amplitude slow wave often followed by diffuse fast
rhythms or a period of electrodecrement. 

Most cases of West syndrome are symptomatic of a preceding
neurological insult (infection, hypoxia-ischemia), malformation
of cortical development, neurocutaneous syndrome,
chromosomal or single gene disorder or underlying inborn error
of metabolism. Whereas cryptogenic cases may have a favorable
long-term outcome, if treated early with appropriate therapy,
symptomatic cases do less well.

Severe Myoclonic Epilepsy in Infancy (Dravet’s Syndrome)

This syndrome begins in the first year of life with recurrent
focal or secondarily generalized seizures that are often triggered
by mild hyperthermia.10 Seizures are frequently prolonged
leading to recurrent status epilepticus, switch sides from one
event to the next and are extremely resistant to antiepileptic
medications. Development is normal prior to the onset of
seizures, but delay is evident by the second year of age. Between
one and four years, the characteristic myoclonic seizures appear,
frequently also with absences and partial seizures. Some
patients, who present in infancy with the typical clinical features
of severe myoclonic epilepsy do not develop myoclonic seizures
but share the same course and outcome. The term Dravet’s
syndrome was developed to include such children. In the first
year of life, investigations, including the EEG are often normal,
hindering a confident diagnosis. However, generalized polyspike
and spike-wave discharges and photosensitivity are often seen in
the second or third years of life. Mutations in the Type 1 sodium
channel (SCN1A) are frequently found in this condition,11 and
more widespread availability of genetic testing may ultimately
allow early definitive diagnosis.

Lennox-Gastaut Syndrome

Lennox-Gastaut syndrome most commonly begins in early
childhood, with a peak age of two to eight years, and is defined
by a triad of symptoms: (i) multiple types of generalized
seizures, (ii) diffuse slow spike-wave on EEG and (iii) mental
retardation.12 

Tonic seizures, considered by many to be the most
characteristic seizure type, are usually very brief and are
particularly prominent during sleep. These involve flexion of the
neck and body, elevation of the arms and extension of the legs,
and may be symmetric or asymmetric. However, in some cases,
tonic seizures in sleep may be extremely subtle with minimal eye
rolling or change in respiratory patterns. Atypical absences,
atonic and myoclonic seizures are also characteristic and
episodes of non-convulsive status epilepticus are frequent.
Partial and generalized tonic-clonic seizures are less common. 

Frontally predominant, 10-12 Hz activity is usually seen with
tonic seizures and recording of this pattern on sleep EEG may
assist earlier diagnosis. Attenuation of the EEG with or without
low voltage fast activity is also a common ictal manifestation.
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The early interictal EEG pattern in Lennox-Gastaut syndrome is
not well defined and the characteristic diffuse slow spike-wave
discharge may take months to evolve.13 Early, confident
diagnosis can be difficult in the absence of a history of tonic
seizures and of the characteristic slow spike-wave pattern.14

Lennox-Gastaut syndrome can be subdivided into
symptomatic and cryptogenic types, the latter of which have
normal brain imaging, normal development prior to onset and no
underlying identified etiology. Symptomatic cases, which
account for nearly three quarters of children, are most often due
to abnormalities of brain development but may also be due to
brain injury in the perinatal period or in infancy. Approximately

20% of patients have a prior history of West syndrome.15 A
positive family history of epilepsy is present in 3-30% of cases,
with genetic factors playing a more significant role in
cryptogenic cases.12,16

Long-term outcome is generally poor and most children show
progressive intellectual deterioration with age.17 Poorer
cognitive outcomes are predicted by onset prior to age three
years and a prior history of West syndrome. 

Myoclonic Astatic Epilepsy

This syndrome begins in the preschool years in children with
normal neurological development and presents with frequent
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Table: Epileptic Encephalopathy Syndromes

Syndrome

Early Myoclonic
Encephalopathy

Newborn Prominant myoclonus
Partial seizures, Tonic spasms

Suppression-burst

Early Infantile Epileptic
Encephalopathy

First few months Tonic spasms
Partial seizures

Suppression-burst

Migrating Partial
Epilepsy in Infancy

1-7 months Multifocal partial seizures Multifocal rhythmic theta

West Syndrome Peak 4-6 months
Rare after 12 months

Infantile spasms Hypsarrhythmia

Dravet’s syndrome First year Often prolonged partial or
secondarily generalized seizures
with hyperthermia, myoclonus 

after 1 year

Often normal at onset. Generalized
polyspike and spike wave

activated with photic stimulation
after onset of myoclonus

Lennox-Gastaut Syndrome Early childhood, peak 2-8 years Atonic, atypical absence, tonic,
myoclonic

Diffuse, frontally-predominant
slow spike wave usually <2 Hz -
often evolves over time. Frontal

10-12 Hz rhythms

Myoclonic-Astatic Epilepsy Early childhood, 2-8 years Myoclonic-astatic, myoclonic,
astatic, atypical absence

2-3 Hz generalized spike-wave,
photoparoxysmal response

common. Parietal 4-7 Hz rhythms

Atypical Benign Partial Epilepsy Early childhood, 2-6 years Atypical absence, myoclonic,
atonic, partial or secondarily
generalized motor seizures

Rolandic sharp waves, multifocal
sharp waves also commonly seen,

electrical status epilepticus in sleep
is common

Landau-Kleffner Syndrome Early childhood, 3-8 years Verbal auditory agnosia, 75% have
seizures which are usually partial

motor

Awake recording usually shows
temporal spikes. In sleep,

discharges become increasingly
frequent and syndronous, and

may be continuous

Electrical Status Epilepticus in
Slow Sleep

The most important features in making each diagnosis are indicated in bold.

Early childhood, 3-8 years Hyperkinesis, cognitive regression,
generalized minor seizures, partial 

or secondarily generalized 
motor seizures

Electrical status epilepticus in
slow sleep

Age at Onset Seizure Types/Other Clinical EEG Features

https://doi.org/10.1017/S0317167100004388 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100004388


generalized tonic-clonic seizures, followed by minor motor
seizures.18 The most characteristic type is the myoclonic astatic
seizure but myoclonic, atonic, atypical absence and occasionally
nocturnal tonic seizures may occur. 

Several discriminating features have been suggested to help
distinguish this syndrome from Lennox-Gastaut. Many have a
positive family history of idiopathic generalized epilepsy
whereas children with Lennox-Gastaut syndrome are more likely
to have a past history of neurological problems and less
commonly have a positive family history of epilepsy.
Furthermore, tonic seizures are uncommon in myoclonic astatic
epilepsy, and tend to occur later in the course of the disorder,
whereas this is the prominent seizure type in Lennox-Gastaut
syndrome. Finally, the interictal EEG pattern in myoclonic
astatic epilepsy is characterized by 2-3 Hz generalized spike-
wave (compared to 1-2 Hz in Lennox-Gastaut), and both
photosensitivity and 4-7 rhythms with parietal accentuation. 

Genetic factors play a major role in myoclonic astatic
epilepsy, which may be a manifestation of the syndrome,
generalized epilepsy with febrile seizures “plus”.19 The seizures
remit after several years in 54-89% of patients20 and these
children may have normal development or only mild cognitive
difficulties. It is difficult to predict those who will remit but the
development of tonic seizures suggests a poor prognosis for
seizure control and mental development. Non-convulsive status
is associated with a poor prognosis for mental development and
may be induced by inappropriate treatment, such as
carbamazepine, even in children who eventually achieve seizure
remission. Avoidance of such medication and prompt treatment
of status may reduce the acquired cognitive dysfunction in these
children.

Atypical Benign Partial Epilepsy (Pseudo-Lennox Syndrome)

This syndrome begins between ages two to six years with
multiple types of generalized minor seizures including atypical
absences, atonic and myoclonic seizures.21 A high proportion of
children also suffer simple partial seizures involving the oro-
facial region, which may secondarily generalize. However these
focal seizures occur much less frequently than the minor seizures
and tend to do so at night. The EEG shows rolandic sharp waves,
which become increasingly synchronous in sleep, often evolving
to bioelectric status epilepticus. Sharp waves are also frequently
seen in parietal, temporal, occipital and frontal locations. Periods
of intense seizure activity last usually several weeks and are
interspersed by intervals of several months between the active
periods before the seizures remit. Many patients have a good
cognitive outcome but mental deterioration is often observed
during periods of frequent seizures. 

Landau-Kleffner Syndrome and Electrical Status Epilepticus
During Slow Sleep

Landau-Kleffner syndrome most commonly presents with
insidious onset of verbal auditory agnosia in a child aged three to
eight years.22 Seizures occur in approximately three quarters of
cases, and include generalized minor seizures as well as partial
motor seizures with secondary generalization. The waking EEG
usually shows high amplitude spike-waves, which are most often
temporal spikes but can be parieto-occipital or even generalized.
Electrical status epilepticus is seen in slow sleep in 85% of

patients at some course in their illness.23 Hyperkinesis is
common.

In electrical status epilepticus during slow sleep, both
generalized and partial seizures are seen. With the onset of the
EEG pattern, children show a marked deterioration in
neuropsychological function with cognitive and behavioral
decline as well as motor impairment. While the distinction
between these two entities has been debated, some authors note
that the location of neuropsychological dysfunction is more
temporal in Landau-Kleffner syndrome, and more frontal in
electrical status epilepticus during slow sleep.23

Cognitive and Behavioral Co-morbidities in Epileptic
Encephalopathies

Cognitive function arrests or slows markedly in the epileptic
encephalopathies. Mental regression may be gradual and not
immediately apparent but most children are left with moderate to
severe mental handicap. Studies on West syndrome suggest that
71-81% of children develop mental handicap24 although a single
recent paper has suggested a more favorable outcome in
cryptogenic patients treated early in their course with high-dose
ACTH.25 Significant behavioral disorders are also common in
the epileptic encephalopathies and adversely affect quality of life
for these children and their families. Autism has been reported to
develop in 13-33% of children with infantile spasms26,27 and in
70% of those with tuberous sclerosis.28 The risk of autism
appears highest in children with temporal lobe tubers.29 In
addition to autistic behaviors, Riikonen26 noted hyperkinesis in
23% of children with a prior history of infantile spasms. Casse-
Perrot30 found a high prevalence of hyperactivity, psychotic-type
relationships and autistic traits in children with Dravet’s
syndrome. Of 27 children with Lennox-Gastaut seen in a single
center over a 17 year period, all had behavior problems but the
details of these problems were provided in only nine cases, seven
(26%) of whom had pervasive developmental disorder and two
(7.4%) of whom had psychosis.31 Other studies have noted a high
prevalence of hyperkinetic behavior16 and apathy and slowed
expression32 in children with Lennox-Gastaut syndrome. Rare
cases of remission of epilepsy and favorable outcome with
Lennox-Gastaut syndrome are reported12 but in most patients, IQ
falls over time.17,33

Potential Causes of These Co-morbidities

In some cases, an underlying etiology such as a diffuse
malformation of cortical development or inborn error of
metabolism can explain much of the profound cognitive delay.
However, it is our impression that even these children can show
meaningful cognitive improvement if seizure control and
improvement in their EEG can be achieved. Various factors have
been postulated to potentially impact on cognitive and
behavioral co-morbidity including high doses of multiple
antiepileptic drugs, frequent subtle seizures, frequent
epileptiform discharge with transient cognitive impairment and
non-convulsive status epilepticus. 

a. Antiepileptic Drugs

The impact of antiepileptic drugs on cognition in children has
been recently reviewed.34 Phenobarbital is the agent most
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strongly implicated in the literature to cause cognitive
impairment. In studies of infants with febrile seizures,
phenobarbital was associated with a higher risk of memory,
concentration, fine motor and behavior problems.35-37 In one
study comparing phenobarbital to placebo, mean IQ was 7.0
points lower in the phenobarbital group after two years of
treatment.37 The effect of the other older antiepileptic drugs on
cognition appears to be much smaller than phenobarbital,
although mild memory and attentional difficulties38-40 and
psychomotor slowing can be seen.41 There have been no
comparative studies of the cognitive and behavioral side effects
of the newer antiepileptic drugs in children, but cognitive side
effects have been described in children receiving topiramate. An
add-on, double-blind, randomized, placebo-controlled study in
children with partial seizures found greater difficulties with
attention and concentration (12% vs 2%) and memory (7% vs
0%) in the topiramate treated group.42 While long-term use of
antiepileptic medications may contribute partly to cognitive
impairment, it is unlikely to be the major factor causing this co-
morbidity in children with epileptic encephalopathies. 

b. Frequent “subtle” seizures and epileptiform discharge

The dividing line between subtle seizures and epileptiform
discharge with transient cognitive impairment is murky at best.
Transient cognitive impairment has been defined as “an episode
of cognitive impairment that occurs exclusively during
epileptiform discharge without any other clinical signs”.43

Interestingly, most studies of transient cognitive impairment
have examined cognitive change associated with what have
generally been considered to be interictal discharges. In studies
of children undergoing cognitive testing during continuous EEG
monitoring, left-sided discharges have been shown to affect
verbal tasks and right-sided discharges affect non-verbal tasks.44

Aldenkamp43 studied the effect of brief seizures and frequent
epileptiform discharge on cognitive function in 152 children
aged 7-12 years. Importantly, this study excluded subjects with
malignant syndromes such as epileptic encephalopathies. All
children underwent EEG monitoring which was synchronized
with computer cognitive testing. Short non-convulsive seizures
were found to impair alertness, information processing and
memory. The interictal EEG discharge had an additional effect,
similar to brief seizures, but this effect was limited to those with
very frequent discharges, defined as present in greater than 1%
of the recording. The magnitude was smaller than for actual
seizures, but the longer the discharge, the greater the impairment.
While no similar study has been done in children with epileptic
encephalopathy, the magnitude of impairment is probably even
greater in these syndromes. Subtle “minor” seizures often occur
at very high frequency and EEGs are often severely abnormal,
with discharges present in much more than 1% of the recording.

c. Non-Convulsive Status Epilepticus

Non-convulsive status epilepticus is common in the epileptic
encephalopathies, occurring in more than two-thirds of cases of
Lennox Gastaut syndrome12 and 36% of cases of myoclonic
astatic epilepsy.18 It is often diagnosed late and even when
recognized, is often not aggressively treated. In the largest study
of non-convulsive status epilepticus in children, Stores et al45

reported that only five of the 50 cases were recognized within

few hours to days after onset, and only 20 of the 50 cases were
suspected to be in non-convulsive status when the EEG was
ordered. Only half of children were aggressively treated with
intravenous benzodiazepines when the diagnosis was
recognized. In a smaller study of 8 patients, the duration of non-
convulsive status epilepticus prior to diagnosis ranged from three
days to four weeks.46 Recognition requires a high degree of
suspicion to appreciate the change in mental awareness in a child
who is usually already moderately impaired. 

Although there have been few pediatric studies, there is
clinical evidence to suggest that non-convulsive status
epilepticus may lead to irrecoverable cognitive impairment in
children with epileptic encephalopathies. Stores45 reported a
convincing deterioration in mental functioning at last follow-up
in seven of 18 children with Lennox Gastaut syndrome and seven
of 13 with myoclonic astatic epilepsy following non-convulsive
status epilepticus. However, it is not clear if this deterioration
was a result of the episode of non-convulsive status or simply
part of the natural history of having an epileptic
encephalopathy.17,33 Similarly, four of the eight children reported
by Manning46 regressed mentally following their episode of non-
convulsive status. While control of the status prevented further
regression, patients did not recover to their previous intellectual
level. Finally, in a survey of 101 patients with Lennox Gastaut
syndrome in three epilepsy centers in Germany, a history of non-
convulsive status epilepticus was predictive of severe as
compared to mild-moderate mental retardation with an odds ratio
of 25.47 While this association might suggest that non-convulsive
status epilepticus leads to cognitive deterioration, causality has
not been proven. An alternative explanation is that both severe
mental handicap and non-convulsive status epilepticus may
simply be a reflection of a more relentless form of Lennox-
Gastaut syndrome.

The above data suggest that prevention or effective treatment
of non-convulsive status epilepticus may limit the mental
handicap in these children. However, the literature also suggests
that treatment of non-convulsive status epilepticus in children
with epileptic encephalopathies is often unsuccessful. In the
Stores45 study, intravenous benzodiazepines stopped the status in
only 17 of the 25 children, and 8 of 17 relapsed once
benzodiazepines were discontinued. Other studies have shown
that only 15% of children with Lennox-Gastaut syndrome and
non-convulsive status respond to benzodiazepines.48,49

Furthermore, benzodiazepines may, in some cases, exacerbate
status epilepticus by triggering recurrent tonic seizures in
children with Lennox-Gastaut syndrome.49-50 Other proposed
treatment for non-convulsive status epilepticus in this population
includes intravenous valproate, barbiturates, paraldehyde,
steroids and inhalational anaesthesia. However, the paucity of
literature in this area does not allow clear recommendations to be
made regarding the “best” treatment. 

In summary, the factors most likely to lead to the marked
cognitive and behavioral co-morbidity in the epileptic
encephalopathies are frequent subtle seizures and non-
convulsive status epilepticus. The long-term adverse effects of
frequent “interictal” epileptiform discharges are unknown and
the anti-epileptic drugs probably play only a minimal role in
most cases. Clearly, more effective therapies are needed to
favorably alter the cognitive outcomes in these children.
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Current Therapies and Success Rates in the Epileptic
Encephalopathies

Anti-epileptic Drugs 

One of the hallmarks of the epileptic encephalopathies is their
poor response to conventional antiepileptic medications.
Furthermore, there is evidence that some drugs may, in fact,
exacerbate certain epilepsies. However, certain encephalopathies
also appear to have a distinctive response to specific agents.

Drugs which may exacerbate seizures

Carbamazepine may aggravate absence, myoclonic and
atonic seizures and provoke non-convulsive status epilepticus.51-

54 It may also worsen myoclonic seizures in the progressive
myoclonic epilepsies and Angelman syndrome55 and may
exacerbate Landau-Kleffner syndrome, electrical status
epilepticus in slow sleep and atypical benign partial epilepsy.56

This drug should be avoided in cases with bilateral synchronous
spike and wave discharges of 2.5-3 Hz, and used with caution in
children with mixed seizure disorders.53 Phenytoin may
exacerbate absence and myoclonic seizures in symptomatic
generalized epilepsy.54,57 Both carbamazepine and phenytoin
may aggravate myoclonus in the progressive myoclonic
epilepsies, and the more severe course and shortened life-
expectancy in Finnish patients with Unverricht-Lundborg
disease has been attributed to the use of phenytoin.57 Similarly,
lamotrigine exacerbates both convulsive seizures and myoclonus
in 80% of children with Dravet’s syndrome.58 Finally, tiagabine
may induce absence status59 and gabapentin has been reported to
exacerbate absence seizures and myoclonus in Lennox-Gastaut
syndrome.60

Drugs with “Unique” Indications

a. Vigabatrin

A recent Cochrane review meta-analysis confirmed the
remarkable efficacy of vigabatrin in treating infantile spasms due
to tuberous sclerosis complex.61 Spasms were controlled in 95%
of children with tuberous sclerosis complex compared to only
54% of children with West syndrome due to other causes.
Vigabatrin may also decrease the risk of autism in this
population, although this finding needs to be confirmed in a
larger study.62

b. Stiripentol

Stiripentol has been demonstrated in a double-blind, placebo-
controlled study to have efficacy in Dravet’s syndrome. When
added to either clobazam or valproic acid, 71% of children
receiving stiripentol versus only 5% of the placebo group
experienced a greater than 50% reduction in seizure frequency,
and 43% of the stiripentol group achieved complete control of
tonic-clonic seizures.63 In an open study of add-on topiramate,
17% of patients became seizure-free and 56% had a reduction in
seizure frequency by more than half.64

c. Piracetam

Piracetam has been shown to have remarkable efficacy in
cortical myoclonus in two randomized, placebo-controlled

studies.65-66 It was demonstrated to have efficacy in the
progressive myoclonic epilepsies66-67 and also in a case series of
Angelman syndrome.68 Two case series have also suggested that
zonisamide can be efficacious in the progressive myoclonic
epilepsies,69-70 although this has not been proven in randomized,
controlled studies. 

d. Sulthiame

Sulthiame, a carbonic anhydrase inhibitor, has a unique
ability to markedly reduce epileptiform discharge in children
with benign focal epilepsy of childhood71 and may have a role in
treatment of atypical benign focal epilepsy of childhood,
Landau-Kleffner syndrome and electrical status epilepticus in
slow sleep. However, while case reports have documented
efficacy both in reduction of seizures and improved alertness and
cognition, these claims need to be proven in more careful
scientific studies.

Rarely, cases of intractable epilepsy may be related to
deficiencies in certain vitamins. Intractable, infantile-onset
epilepsies could be considered for a trial of pyridoxine, folinic
acid and biotin, particularly if no underlying etiology can be
found.72-74

Clearly, in certain of the epileptic encephalopathies, the use of
very specific antiepileptic drugs may prove helpful. However,
the majority of patients fail to benefit from antiepileptic drug
therapy. While lamotrigine, topiramate and felbamate have been
shown to be more effective than placebo in Lennox-Gastaut
syndrome, their effects are modest at best.75-79 A recent Cochrane
review summarized current therapeutic options for Lennox-
Gastaut syndrome by stating “optimum treatment remains
unknown …. no drug is highly efficacious”.80

Adrenocorticotrophic hormone (ACTH) and Steroid Use

The major indication for ACTH or corticosteroids in pediatric
epilepsy is in the treatment of West syndrome, although this
therapy has also been used in Landau-Kleffner syndrome,
electrical status epilepticus in slow sleep and, less commonly, in
the other epileptic encephalopathies. 

A recent review has summarized the evidence for the use of
steroids and ACTH in children with infantile spasms.81 While
there are discrepancies amongst the various studies,82 ACTH
appears superior to oral corticosteroids in the cessation of
spasms and normalization of the EEG.83-84 No clear conclusion
can be drawn from the literature to support high versus low dose
ACTH. Two studies compared high versus low dose ACTH and
found no significant difference in response rate, normalization of
the EEG or relapse rate.85-86 However, two other studies have
documented very favorable long-term outcome in children with
cryptogenic spasms who received high-dose ACTH early in their
course. Despite no significant difference in acute spasm control
between high-dose ACTH and oral corticosteroid, Lombroso87

found that patients with cryptogenic spasms treated with ACTH
had a better developmental outcome and a lower frequency of
other seizure types after long-term follow-up. More recently,
Kivity reported that 100% of infants with cryptogenic spasms
treated with high-dose ACTH within one month of onset were
cognitively normal at long-term follow-up.25

Although steroids are considered standard treatment for
Landau-Kleffner syndrome or electrical status epilepticus in
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slow sleep, the efficacy of this therapy has only been suggested
in case series88-90 rather than documented in controlled trials.
These two disorders are difficult to study due to large
fluctuations in their clinical course, and often poor correlation
between the severity of language impairment, EEG
abnormalities and clinical seizures. 

Case series have also suggested possible benefit of ACTH and
corticosteroids in other refractory epileptic encephalopathies.
Yamatogi91 found that over half of the 45 children with Lennox-
Gastaut syndrome treated with ACTH became seizure-free,
however most again relapsed over time. In a non-randomized
study, Snead84 compared the use of ACTH to prednisone in 34
children with refractory generalized or partial seizures
(excluding infantile spasms) Twelve of 18 (67%) receiving
ACTH versus 0/16 treated with prednisone achieved seizure
freedom, however 40% of the former group ultimately relapsed.

Intravenous Gammaglobulin

Intravenous gammaglobulin (IVIG) has been proposed as a
potential therapy for refractory epilepsy in children. While
response rates of up to 67% have been reported in case series,
these favorable results have not been demonstrated in controlled
studies. The only double-blind, placebo-controlled study in
epilepsy used seven doses of 100-400 mg/kg of IVIG over a six
week period. A 50% reduction in seizure frequency at six months
was observed in 53% of those receiving IVIG versus 28% of
those receiving placebo. These results did not achieve statistical
significance, but the study involved only 61 adults and children
and was underpowered.92 A small add-on, placebo-controlled,
crossover, single-blind trial of intravenous gammaglobulin in ten
children with Lennox-Gastaut syndrome showed that only 20%
of children experienced an immediate reduction in seizure
frequency and EEG improvement.93 Further double-blind,
placebo-controlled studies are needed to firstly determine
efficacy, and then to define the optimal dosing regimen and
timing of therapy.

Ketogenic Diet

The efficacy of the ketogenic diet in children with epileptic
encephalopathies is difficult to determine because most efficacy
studies have not analyzed the outcome in specific syndromes.
Two recent prospective studies94-95 and a recent meta-analysis96

have shown that seizure-freedom is achieved in 10-15% of
children with all types of refractory epilepsy, and 20-30%
experience a greater than 90% reduction in seizures. In studies
focusing only on refractory infantile spasms, 14-35% of infants
achieve complete seizure control with the ketogenic diet.97-98 The
ketogenic diet was reported to be the most efficacious therapy in
a retrospective case series of 81 children with myoclonic astatic
epilepsy.99 It was also found to be effective in a small case series
of Dravet’s syndrome, in which nine of 15 children maintained
the diet for a mean period of 24 months – seven of whom had a
greater than 75% reduction in seizures.100 Similarly, in a small
case series of 12 children with Lennox-Gastaut syndrome, one
third had a greater than 90% reduction in seizures after six
months on the diet.101 In the largest recent case series of 150
children starting the ketogenic diet at Johns Hopkins, 106
remained on the diet at six months.94 Thirty eight of these had
either atonic, atypical absence or tonic seizures as their major

seizure type. Two (5%) were seizure-free and an additional 18
(47%) had a greater than 90% reduction in seizures. There is no
data on the effect of the ketogenic diet on cognition and behavior
specifically in children with epileptic encephalopathies.
However, in a prospective study of all cases of intractable
epilepsy, there was a significant increase in mean developmental
quotient at 12 months with significant behavioral improvements
in attention and social functioning in cases treated successfully
with the ketogenic diet.102

Epilepsy Surgery

Surgical resection of the epileptogenic region is a viable
option in only a minority of children with epileptic
encephalopathies. Cases of Ohtahara syndrome due to malfor-
mations of cortical development may benefit from epilepsy
surgery.4 Surgical resection has also been reported to be effective
in infants with West syndrome and intractable spasms due to
cortical dysgenesis, both with regards to seizure control103 and in
some cases, improvement in cognitive function.104 Fluoro-
deoxy-glucose (FDG) positron emission tomography (PET) may
prove helpful in defining the epileptogenic zone in spasms due to
cortical dysgenesis, and use of the tracer alpha methyltryptophan
may discriminate epileptogenic from non-epileptogenic tubers in
cases of tuberous sclerosis complex.105 With the exception of
isolated case reports of focal cortical pathology with some of the
other epileptic encephalopathies,106 resective surgery is generally
not an option for other epileptic encephalopathies.

Multiple subpial transection has been reported in a limited
number of small case series to be effective in some patients with
refractory Landau-Kleffner syndrome.107-110 Further work is
needed to determine the role of this operation in this syndrome.

Palliative surgical procedures have also been used in
refractory encephalopathies, in an attempt to limit seizure
severity and improve quality of life. Corpus callosotomy may
benefit children with recurrent falls due to intractable tonic or
atonic seizures.111-112 The role of vagal nerve stimulation is still
uncertain in this population. Two prospective studies have failed
to document marked benefit in most children with epileptic
encephalopathies. Parker113 found only a 17% median seizure
reduction at one year in 16 children with epileptic
encephalopathy, although patients were perceived to have
improved behavior. Similarly Aldenkamp114 noted only a 20.6%
decrease in seizure frequency after two years in 19 children with
Lennox-Gastaut syndrome and found no statistically significant
improvements in cognitive function or quality of life. However,
in a multicenter, retrospective review of 50 children with
Lennox-Gastaut syndrome, Frost115 reported a median seizure
reduction of 58% after six months. Two other small case series
of children with Lennox-Gastaut syndrome reported marked
improvement in seizure frequency in 23-83% of cases.116-117

FUTURE DIRECTIONS

At present, we recommend the following management
strategy for children with epileptic encephalopathies:
a. Children with a resectable lesion causing seizures should be
considered for early surgery
b. Specific anti-epileptic agents with unique efficacy for certain
syndromes should be used early in the course
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c. Cases not falling into the above two categories should be
considered early for the ketogenic diet

Unfortunately, the advances in epilepsy surgery and the
wealth of new anti-epileptic drugs that have been introduced
over the past 15 years have had minimal impact on most children
with epileptic encephalopathies, who have persistent, intractable
seizures despite our “best” therapies. Unless more effective
treatments are found, children with these disorders will continue
to have relentless cognitive and behavioral impairment in
addition to refractory epilepsy.

A number of factors have hampered efforts to devise more
effective therapies. The absence of an animal model of an
epileptic encephalopathy has limited both investigation into the
nature and etiology of the epileptic condition and associated
cognitive impairment, and testing of new potential therapies. It is
clear that most anti-epileptic medications showing efficacy in
partial seizure models are not helpful in these conditions. In
addition, most individual epileptic encephalopathies are
relatively rare and no center sees large numbers of newly
diagnosed patients, and so multicenter studies will be needed to
assess therapies. Thus, operational definitions for the various
syndromes will need to be agreed upon by pediatric
epileptologists. These should have reasonably high diagnostic
accuracy and still allow early identification of syndromes.
Furthermore, the efficacy of specific treatments may well depend
on when in the course of the encephalopathy they are given, as
has been reported with ACTH in cryptogenic spasms. If an
effective therapy is used after a long duration of frequent
seizures and one or more bouts of prolonged non-convulsive
status epilepticus, the cognitive outcome is likely to be poor.
Finally, we need to consider other therapeutic strategies beside
anti-epileptic drugs. Will neuroprotective agents reduce the
cognitive and behavioral co-morbidity and ultimately also
increase the likelihood of eventual seizure control? Is there any
role for early, more aggressive therapies in these conditions?
Should we consider high dose steroids or corticotrophin,
intravenous gammaglobulin or the ketogenic diet at the time of
diagnosis of certain epileptic encephalopathies? More timely
identification and better treatment of non-convulsive status
epilepticus should also be a priority. Further definition of
specific gene disorders in some of these syndromes may allow
for selection of specific therapeutic options and improve
prognosis. There is clearly much more to learn about these
conditions.
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