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Early-onset epileptic encephalopathies and the 
diagnostic approach to underlying causes 
Su-Kyeong Hwang, MD, PhD, Soonhak Kwon, MD
Department of Pediatrics, Kyungpook National University Children’s Hospital, Daegu, Korea 

Early-onset epileptic encephalopathies are one of the most severe early onset epilepsies that can lead 
to progressive psychomotor impairment. These syndromes result from identifiable primary causes, 
such as structural, neurodegenerative, metabolic, or genetic defects, and an increasing number of 
novel genetic causes continue to be uncovered. A typical diagnostic approach includes documentation 
of anamnesis, determination of seizure semiology, electroencephalography, and neuroimaging. If 
primary biochemical investigations exclude precipitating conditions, a trial with the administration 
of a vitaminic compound (pyridoxine, pyridoxal-5-phosphate, or folinic acid) can then be initiated 
regardless of presumptive seizure causes. Patients with unclear etiologies should be considered for 
a further workup, which should include an evaluation for inherited metabolic defects and genetic 
analyses. Targeted next-generation sequencing panels showed a high diagnostic yield in patients with 
epileptic encephalopathy. Mutations associated with the emergence of epileptic encephalopathies 
can be identified in a targeted fashion by sequencing the most likely candidate genes. Next-generation 
sequencing technologies offer hope to a large number of patients with cryptogenic encephalopathies 
and will eventually lead to new therapeutic strategies and more favorable long-term outcomes.

Key words: Epileptic encephalopathy, Early infantile, Genetics, Mutation, High throughput nucleotide 
sequencing

Introduction

Early-onset epileptic encephalopathies (EOEE) are one of the most devastating early onset 
epilepsies that contribute to progressive decline of cerebral function1). Most patients show 
the three main features of EOEE: refractory seizures, severe electroencephalographic 
abnormalities, and developmental delay or intellectual disability2). A tendency to be 
refractory to antiepileptic drugs often leads to severe cognitive and behavioral impair ment3). 
Identifiable primary causes, such as known structural, neurodegenerative, metabolic, 
genetic, or chromosomal disorders, and an increasing number of novel genetic causes are 
being identified in EOEE3,4). The most common causes are structural brain abnormalities and 
inborn metabolic defects5). If neuroimaging and biochemical exami nations exclude common 
etiologies, the remaining fraction, comprising about one third of all EOEE cases, represents 
cryptogenic cases, where genetic factors are considered to have an important role6,7). EOEE is 
a genetically heterogeneous disorder: over 100 genes have been suggested to be involved in 
the etiology of these syndromes8). Many EOEE cases are sporadic, occurring in patients with 
no family history of seizures or epilepsies9). Sporadic cases are commonly caused by 
autosomal dominant de novo mutations in genes encoding neuronal proteins. EOEE can also 
be inherited in an autosomal recessive or X-linked manner. Next-generation sequencing 
(NGS) technology has revolutionized our ability to sequence DNA at the whole exome or 
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whole genome level at an increasingly affordable price10). Whole 
exome sequencing now costs under $1,000 per sample and 
numerous studies have successfully identified de novo mutations 
in individuals with various neurodevelopmental disorders11,12). In 
epilepsy genetics, the focus has been almost exclusively on genes 
encoding mem brane ion channel proteins. However, an increasing 
number of mutations in genes encoding proteins other than ion 
channels are now being identified by NGS2). Epi4k, the interna-
tional consor tium for advanced genetic studies of epilepsy, has 
been making significant progress in epilepsy genetics by using 
NGS. The consortium was launched in 2011 in response to a 
National Institute of Neurological Disorders and Stroke (NINDS) 
Funding Opportunity Announcement soliciting applications for 
“Centers Without Walls for Collaborative Research in the Epilep-
sies: Genetics and Genomics of Human Epilepsies” and adopted 
the name “Epi4K: Gene Discovery in 4000 Genomes”10,13). The first 
project of Epi4K focused on the discovery of de novo mutations in 
Lennox-Gastaut syndrome and infantile spasms. Over 300 de novo 
mutations in genes including SCN1A, STXBP1, SCN8A, SCN2A, 
CDKL5, GABRB3, ALG13, CACNA1A, CHD2, FLNA, GABRA1, 
GRIN1, GRIN2B, HNRNPU, IQSEC2, MTOR, and NEDD4L have 
been discovered. Statistical evidence of association between 
epileptic encephalopathy and mutations in GABRB3 and ALG13 
was also identified9,10). In this article, we will focus on the 
diagnostic strategies for EOEE, especially on NGS-based genetic 
analysis for cryptogenic EOEE cases.

Epileptic encephalopathy syndromes in infancy

1. Vitamin-responsive epileptic encephalopathies 
Vitamin-responsive epileptic encephalopathies are rare but 

important causes of EOEE. They commonly result in refractory 
seizures with poor neurocognitive outcomes if specific treatment is 

delayed. The type of seizures, etiologies, and treatments are 
summarized in Table 1. If seizures persist despite the use of two or 
more appropriate anticonvulsants at maximum tolerated doses, 
then add-on vitamin treatment should be considered. Pyridoxine-
dependent epilepsy (PDE) and pyridoxal-5-phosphate-dependent 
epilepsy share similar clinical presentations as pyridoxal-5-
phosphate is derived from pyridoxine14). In the early onset type, 
patients will typically develop abnormal movements soon after 
birth and electroencephalogram (EEG) can be either completely 
normal or exhibit a burst suppression pattern15). Prognosis is 
generally good with prompt treatment, but death or significant 
intellectual and motor disability may occur if treatment is delayed 
16). Pyridoxal-5-phosphate may be used as an initial treatment, 
which would be effective against both PDE and pyridoxal-5-
phosphate dependent epilepsy. Pyridoxine could be introduced 
later, replacing pyridoxal-5-phosphate as a cheaper and similarly 
effective alternative, if PDE diagnosis is confirmed17). Folinic acid 
responsive epilepsies are caused by low concentration of 5-me-
thyltetrahydrofolate (MTHF) in the cerebrospinal fluid (CSF), which 
is associated with various neurological conditions18). Genetic or 
autoimmune mechanisms cause cerebral folate defi ciency and 
delayed treatment may lead to encephalopathy with severe 
learning disabilities. EEG may show abnormal background activity 
with multifocal spike-wave complexes, but typically has no 
diagnostic features. Neuroimaging results are also usually nor-
mal19). Patients either do not respond to pyridoxine at all or exhibit 
only a temporary improvement. However, such patients show a 
marked neurological recovery including cessation of seizures upon 
folinic acid treatment18). Biotinidase deficiency is a biotin-
responsive metabolic disorder causing impairment of functions of 
multiple carboxylases and presenting with seizures, hypotonia, 
visual/auditory symptoms, eczema, and alopecia. Untreated 
children usually have neurocutaneous features between the ages 
of 2 and 5 months18,20). Seventy percent of patients have various 

Table 1. Summary of vitamin-responsive early onset epileptic encephalopathy

Disorder Type of seizures Etiology Initial treatment Long-term treatments

Pyridoxine dependent 
epilepsy

Focal or generalized, 
myoclonic, epileptic spasms

ALDH7A1 Pyridoxine 100 mg or 30 mg/
kg

Pyridoxine 5–15 mg/kg daily (or 
add 3–5 mg/kg of folinic acid 
on pyridoxine)

Pyridoxal-5-phosphate 
de pen dent epilepsy

Multifocal myoclonic-tonic PNPO Pyridoxal-5-phosphate 30 
mg/kg

Pyridoxal-5-phosphate 10–15 
mg/kg daily

Folinic acid responsive 
sei zures

Epileptic spasms, 
myoclonicastatic, absence, 
generalized tonic clonic

ALDH7A1, SLC46A1, FOLR1, 
MTHFR, MTHFS

Folinic acid or 5-methylte-
trahydrofolate 3–5 mg/kg

Folinic acid or 5-methylte-
trahydrofolate 3–5 mg/kg 
daily

Biotinidase deficiency Myoclnic, generalized tonic 
clonic, infantile spasms, 
partial seizures

BTD Biotin 5–20 mg Biotin 5–10 mg twice daily

Vitamin B12 deficiency Epileptic spasms, focal or 
generalized

Dietary (maternal B12 deficiency), 
TCN2, MMAA, MMAB, MMACHC, 
MMA DHC, MTRR, LMBRD1, 
MTR, ABCD4

Hydroxocobalamin or cyano-
cobalamin 1 mg daily to 
weekly or methylcobalamin 
1 mg daily

Hydroxocobalamin or cyanoco-
balamin 1 mg every 1–3 
months or methylcobalamin 1 
mg daily
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type of seizures including infantile spasms21). Seizures and other 
symptoms improve often within a day of treatment with biotin. It 
has been suggested that similarly to pyridoxine trials, biotin 
treatment should be considered in any child with poorly controlled 
seizures22). Regardless of age or weight, a dose of 5- to 20-mg 
biotin daily has been found to be effective and needs to be con-
tinued for the rest of patient’s life if it offers stable improvement 
23,24). Vitamin B12 deficiency may lead to various neurologic 
symptoms including developmental delay or regression, irritability, 
weakness, hypotonia, and convulsions. Seizures are a rare pre-
sentation of vitamin B12 deficiency but they have been occasi-
onally reported, especially in infants, including cases of West 
syndrome25,26). Vitamin B12 deficiency caused by dietary pre-
ferences of mothers, who may be vegan, is the most common 
cause of such symptoms in breast-fed infants between 4 and 8 
months, even when the mothers exhibit no hematological or 
neurological symptoms themselves26,27). Serum levels of methyl-
malonic acid and total homocysteine have been shown to be 
markedly elevated in the majority of such patients. Vitamin B12 
deficiency should be considered in all infants with develop mental 
delay, hypotonia, or seizures for whom an alternate diagnosis 
cannot be made.

2. Ohtahara syndrome
Ohtahara syndrome is often defined as an early infantile epilep-

tic encephalopathy with a characteristic EEG pattern, suppression-
burst, during which higher-voltage bursts of slow waves mixed 
with multifocal spikes alternate with isoelectric suppression 
phase28). EEG shows a continuous suppression-burst pattern in 
both waking and sleeping states. The onset is between neonatal 
period and early infancy, usually within the first 3 months of age, 
with some mothers reporting seizure-like movements of the fetus 
during pregnancy29). Etiologically, structural brain lesions, such as 
diffuse subependymal band heterotopia or midbrain dysplasia, are 
the most probable causes of Ohtahara syndrome30,31). Predominant 
seizures detected in Ohtahara syndrome patients are repetitive, 
frequent, tonic spasms occurring with or without series formation, 
although other seizure types can also be observed29,32). Antiepilep-
tic and immunomodulating drugs are generally ineffective in 
treating tonic spasms, although rare cases show improvement 
upon such treatment. In general, prognosis is extremely poor with 
chronic intractable seizures and severe psychomotor retardation. 
Seizure patterns usually change with time: frequently cases evolve 
to West syndrome and further to Lennox-Gastaut syndrome with 
age. Nearly 50% of affected children are likely to die in infancy or 
childhood32,33).

3. Early myoclonic epileptic encephalopathy
Early myoclonic encephalopathy (EME) is characterized by 

fragmentary myoclonic jerks or violent myoclonic spasms, which 

generally occur in the neonatal period or early infancy. Partial 
myoclonus and partial motor seizures are the main seizure types 
in EME, but generalized myoclonus can also be observed in some 
patients. Partial motor seizures are frequent. They occur shortly 
after erratic myoclonus and shift typically from one part of the 
body to another in a random, asynchronous pattern34). The myo-
clonus usually involves the face or extremities, but may be res-
tricted to some other part of the body. Typical interictal EEG shows 
a suppression-burst pattern similar to that seen in Ohtahara 
syndrome35). Suppression-bursts become more apparent in sleep 
and may persist until late childhood after a transient evolution to 
hypsarrhythmia in the middle to late infancy31). The generalized 
myoclonic jerk typically is associated with a generalized or 
fragmentary burst of polyspike, spike, and slow wave discharges, 
but erratic myoclonia may or may not be related to the bursts35). 
The etiology is variable and often remains unknown, but non-
structural/metabolic disorders are most probable causes of EME. 
Vitamin responsive epilepsies, such as PDE, pyridoxal-5-phos-
phate-dependent epilepsy, or folic acid responsive epilepsy can 
show typical clinical and EEG features of EME. Other inborn 
metabolic deficiencies, such as nonketotic hyperglycinemia, 
methylmalonic acidemia, or propionic acidemia, can also demon-
strate EME features. Concentrations of serum amino acids and 
urine organic acids, as well as amino acid content of the CSF 
should be analyzed in patients with EME34,36). The prognosis for 
EME is also poor and there is no effective treatment except for 
vitamin responsive epilepsies. EME persists for long periods 
without evolution, except for the occasional transient phase of 
West syndrome, or changes into partial or severe epilepsy with 
multiple independent spike foci31).

4. Infantile spasms (West syndrome)
Infantile spasms or West syndrome is the most common epilep-

sy syndrome in infancy, which presents with a combination of the 
triad of infantile spasms, developmental deterioration, and 
hypsarrhythmic EEG pattern3,37). Typically, the spasms involve 
brief symmetrical contractions of musculature of the neck, trunk, 
and extremities, which frequently occur in clusters38,39). An indi-
vidual spasm lasts for seconds (usual duration 1–2 seconds) and is 
often longer than typical myoclonus (duration up to 200 ms), 
though not as long as tonic seizures, which last for several 
seconds. Spasms are usually recurrent with a period of 5–30 
seconds3,34). The spasms may be subtle and isolated at onset, typi-
cally clustering with time. Patients typically exhibit several clusters 
per day, particularly during drowsiness37,40). Hypsarrhy thmia, a 
typical interictal EEG pattern observed in this condition, consists 
of a disorganized pattern with asynchronous, very high amplitude 
multifocal spike and sharp wave discharges. The etiology can be 
classified into symptomatic and cryptogenic cases. The fraction of 
symptomatic cases has been steadily increasing due to improved 
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7. Dravet syndrome (severe myoclonic epilepsy in infancy)
Dravet syndrome is a genetically determined severe epileptic 

encephalopathy, which begins in the first year of life in an other-
wise normal infant. The epilepsy starts with seizures, which may 
not initially differ from those associated with febrile illnesses. Even 
mild fever is an important trigger factor, but some cases are 
provoked by a nonfebrile illness, immunization, or hot environ-
ment50). It is not easy to differentiate these children from others 
with febrile convulsions, who will eventually get better and will 
not develop other types of seizures. During the second year of the 
life, seizures become more frequent, persistent, and often more 
lateralized. At that stage, seizures no longer occur only when a 
child has high temperature, but can happen at any time of the 
day34). Seizures are complex febrile, afebrile generalized, unilateral 
clonic, or tonic-clonic. The condition evolves to other types, such 
as myoclonic, atypical absence, complex partial seizures, and 
frequent status epilepticus50). EEG is usually normal at early stages 
of this condition. However, by the time a child is 2 years old, 
epileptic discharges with spike and wave or polyspikes are ob-
served, which occur either as single events or in bursts. Prognosis 
is very poor, as this syndrome is associated with developmental 
delay, cognitive dysfunction, and behavioral problems.

Diagnostic approaches to underlying causes of 
EOEE

Diagnostic approaches to underlying causes of EOEE are 
summarized in Fig. 1. Assessments begin with the elucidation of 
the history and semiology of clinical seizures and analysis of EEG 
findings. When age onset, clinical manifestations, and EEG 
findings are consistent with EOEE, an evaluation of possible 
underlying etiologies should be performed. EOEE must be distin-
guished from acute symptomatic seizures occurring in infancy, for 
example, those caused by infection, hypoglycemia, or electrolyte 
disturbance3). If the primary investigations exclude precipitating 
conditions, a trial with the administration of a vita minic com-
pound (pyridoxine, pyridoxal-5-phosphate, or folinic acid) should 
then be initiated51,52). These new insights re-emphasize the 
importance of early treatment of neonatal seizures with vitamins, 
whatever the suspected cause. Pyridoxine, folic acid, and cyanoco-
balamin are still the most commonly prescribed treat ments, largely 
due to their commercial availability and afford ability. However, 
safer and more effective formulations can be obtained. Ideally, 
pyridoxal phosphate can be used instead of pyridoxine, but it is 
not licensed for sale or is not easily available in many countries. 
Direct purchasing biologically active vitamins overseas is possible 
through websites via internet searching. When importing 7 or 
more bottles of vitamins, import declaration and a medical 
prescription is necessary because vitamins are categorized as 

diagnostic techniques, such as metabolic and genetic testing, as 
well as neuroimaging41). Symptomatic causes are found in nearly 
60% of cases, which include cerebral malfor mations, infection, 
hemorrhage, hypoxic-ischemic injury, metabolic disorders, and 
genetic conditions40,42). Tuberous sclerosis complex (TSC) is an 
important cause of infantile spasms and 75%–80% of individuals 
with TSC may develop epilepsy41). Outcomes are mostly dependent 
on the etiology; cryptogenic pa tients who are treated early have 
more favorable prognosis than patients with symptomatic varieties 
43,44).

5. Malignant migrating partial epilepsy in infancy
Malignant migrating partial epilepsy in infancy (MMPEI) is 

characterized by neonatal or early infantile onset migrating partial 
seizures, which usually last a few weeks or months, and the fre-
quency becomes nearly continuous with time. Patients show 
frequent partial seizures of multifocal onset with autonomic mani-
festations, such as apnea, flushing, or cyanosis45). The interictal 
EEG shows multifocal epileptiform discharges with diffuse slowing 
of background activity. The multifocal discharges poorly activated 
by sleep in all cases and background activity slows down with 
fluctuating asymmetry between different recordings34). Most cases 
have no clear etiology of structural or biochemical abnormalities 
suggesting contribution of genetic factors. However, genetic tests 
usually fail to detect mutations in KCNQ2, KCNQ3, SCN1A, 
SCN2A, or CLCN2 genes in MMPEI46). Seizures are often intrac-
table and global developmental delay is common. Most patients 
develop an acquired microcephaly by the end of the first year of 
age and a number of patients die before that time or later, in the 
course of the follow-up period45).

6. Myoclonic status in nonprogressive encephalopathies
Myoclonic status in nonprogressive encephalopathies (MSNE) is 

an early onset epileptic syndrome characterized by dulling of 
consciousness and responsiveness with or without jerks, which 
may last for hours, days, or weeks47). Interictal EEG consists of 
multifocal epileptiform discharges and background slowing. Ictal 
EEG recording may demonstrate generalized slow spike and wave 
or an absence pattern, depending on the seizure type34). A genetic 
cause, such as Angelman syndrome or 4p syndrome, is found in 
approximately half of the children. Other reported structural 
causes include hypoxic-ischemic injury and cortical dysplasia34). 
Most children are resistant to different therapies, even to intra-
venous benzodiazepines, and the status may become a life-
threatening event47). Seizures often persist into adulthood and the 
final outcome is very poor with developmental regression and 
severe mental retardation, especially in patients with repeated 
episodes of myoclonic status48,49).



411http://dx.doi.org/10.3345/kjp.2015.58.11.407

Korean J Pediatr 2015;58(11):407-414

health functional foods in Korea. In the case of purchasing less 
than 7 bottles of Korean Ministry of Food and Drug Safety unre-
strained vitamins for personal use, however, it is possible to pass 
customs without any prescriptions or declaration. Older children 
presenting with recurrent febrile status epilepticus or intractable 
seizures should receive similar therapy and, in addition, biotin in 
order to exclude biotinidase deficiency. If the patient responds to 
treatment, suitable biochemical and genetic investigations should 
then be undertaken to define the cause53). Clinicians should be 
aware that a poor response does not completely exclude diagnosis 
of vitamin dependent epilepsies51,54). 

During physical/neurologic examinations, certain clinical para-
meters, such as the combination of dysmorphic features, neurolo-
gic deficits, or cutaneous lesions, may at that point suggest 
underlying etiology. Following the completion of anamnesis, 
physical/neurologic examinations, EEG analysis, and magnetic 
resonance imaging of the brain, approximately two-thirds of 
patients will have an established etiologic diagnosis without the 
need to conduct extensive metabolic testing41). The remaining 
patients with undetermined etiologies should be considered for 
further evaluation, which will depend on individual circums-
tances. Typical tests may include organic acids in urine, amino 
acids in serum, determination of biotinidase, analyses of neuro-

transmitters, lactic acid, amino acids, folate metabolites, and 
glucose in the CSF as well as other biochemical tests suggested by 
the patient’s clinical course and study findings41). Although they 
are relatively rare, metabolic encephalopathies are important to be 
recognized. Patients with some of these syndromes can respond to 
specific treatments, but some antiepileptic drugs interfering with 
metabolic pathways may worsen the clinical condition, so specific 
genetic counseling should be provided in such cases55). In a recent 
study, diagnostic genetic testing for childhood epileptic encephalo-
pathy found genetic causes in 28% of the patients: 7% had 
inherited genetic metabolic disorders, while 21% had other genetic 
causes including genetic syndromes, pathogenic copy number 
variants (CNVs) revealed by comparative genomic hybridization 
arrays, and epileptic encephalopathy related to mutations in the 
SCN1A, SCN2A, SCN8A, KCNQ2, STXBP1, PCDH19, and 
SLC9A6 genes56). Genes mutated in early onset epileptic ence-
phalopathy are summarized in Table 2. Targeted next-generation 
sequencing panels increased genetic diagnostic yield from less 
than 10% to over 25% in patients with epileptic encephalopathy56). 
Identification of mutations underlying cryptogenic EOEE needs to 
be performed in a targeted fashion by sequencing the most likely 
candidate genes. Massive parallel sequencing approaches enabled 
obtaining sequence information directly, however, the abundance 

History, physical/neurological examination, neuroimaging, metabolic evaluation 

Therapeutic trials with pyridoxine, 
pyridoxal-5-phosphate, or folinic acid 

Vitamin responsive EOEE 

Responsive Unresponsive  
or genetic diagnostic 
confirmation is 
needed 

If genetic diagnostic 
confirmation is 
needed Genetic analysis  

Single base pairs 
Indels 
Microdeletions 
Chromosomes 

Symptomatic EOEE  
 
Structural abnormalities 
 • Acquired 
 • Congenital 
 
Metabolic disorders 
 
Neurocutaneous disorders 
 

Cryptogenic EOEE  

Suspect an EOEE when  
(1) Age at onset is between the neonatal period and early infancy 
(2) Combination of refractory seizures and severe EEG 
      • Ohtahara syndrome: Tonic seizures with suppression-burst on EEG. 
      • Early myoclonic encephalopathy: Partial myoclonus and partial motor seizures with suppression-burst on EEG. 
      • Infantile spasms: Epileptic spasms with hypsarrhythmia on EEG 
      • Malignant migrating partial epilepsy in infancy: Multifocal seizures with onset from both hemispheres independently and often sequentially. Interictal  EEG reveals multifocal 

epileptiform activity and slowing, diffuse slowing of the background activity. 
      • Dravet syndrome: Seizures are often provoked by high temperatures; become more frequent, persistent, and lateralized with time. EEG is usually normal early in this condition, 

becomes evident that epileptic activity with spike and wave or polyspike discharges by the time around 18 months old.   
      • Myoclonic status in nonprogressive disorders: This condition may last for hours, days, or weeks and is characterized by dulling of consciousness and responsiveness; 

symmetric and asymmetric jerks may be present involving limbs, trunk, and face. The interictal EEG consists of multifocal epileptiform discharges and background slowing. 
(3) Developmental delay or intellectual disability 

Fig. 1. Diagnostic approaches for the identification of the causes of early-onset epileptic encephalopathy. EOEE, early-onset epileptic encephalopathies; 
EEG, electroencephalogram.
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Table 2. Summary of genes that are related to early onset epileptic encephalopathy

Types Clinical manifestations Genes Locus Protein function

EIEE1 Earlyinfantile epileptic encephalopathy 1 (OMIM number 308350)
X-linked myoclonic seizures, spasticity, and intellectual disability 

syndrome (OMIM number 308350)
Idiopathic infantile epileptic-dyskinetic encephalopathy (OMIM number 

308350)
Ohtahara syndrome (OMIM number 308350)

ARX Xp22.13 Transcriptional repressor and activator

EIEE2 Early infantile epileptic encephalopathy 2 (OMIM number 300672) CDKL5 Xp22 Serine-threonine kinase

EIEE3 Ohtahara syndrome (OMIM number 308350)
Early infantile epileptic encephalopathy 3 (OMIM number 609304)

SLC25A22 11p15.5 Mithocondrial glutamate/Hþ symporter

EIEE4 Ohtahara syndrome (OMIM number 308350)
Early infantile epileptic encephalopathy 4 (OMIM number 612164)

STXBP1 9q341 Modulator of synaptic vesicle release

EIEE5 Early infantile epileptic encephalopathy 5 (OMIM number 613477) SPTAN1 9q33-q34 Cytoskeletal protein

EIEE6 Dravet syndrome (OMIM number 607208) SCN1A 2q24.3 Subunit of a voltage-gated sodium channel

EIEE7 Early infantile epileptic encephalopathy 7 (OMIM number 613720)
Benign familial neonatal seizures-1 (OMIM number 121200)

KCNQ2 20q13.3

EIEE8 Early infantile epileptic encephalopathy 8 (OMIM number 300607) ARHGEF9 Xq11.1 Rho-like GTPase to regulate CDC42 and other genes

EIEE9 Early infantile epileptic encephalopathy 9 (OMIM number 300088) PCDH19 Xq22 Adhesion protein

EIEE10 Early infantile epileptic encephalopathy 10 (OMIM number 613402) PNKP 19q13.33 Enzyme involved in DNA repair

EIEE11 Early infantile epileptic encephalopathy 11 (OMIM number 613721)
Benign familial neonatal seizures-1 (OMIM number 607745)

SCN2A 2q24.3 Subunit of a voltage-gated sodium channel

EIEE12 Early infantile epileptic encephalopathy 12 (OMIM number 613722)
Malignant migrating partial epilepsy in infancy

PLCB1 20p12 Plays an important role in the intracellular transduc-
tion of many extracellular signalsa

EIEE13 Early infantile epileptic encephalopathy 13 (OMIM number 614558)
Malignant migrating partial epilepsy in infancy

SCN8A 12q13.1 Subunit of a voltage-gated sodium channel

EIEE14 Early infantile epileptic Encephalopathy 14 (OMIM number 614959)
Malignant migrating partial epilepsy in infancy

KCNT1 9q34.3 Sodium-activated potassium channel subunit 

EIEE15 Early infantile epileptic encephalopathy 15 (OMIM number 615006) ST3GAL3 1p34.1 Catalyzes the transfer of sialic acid from CMP-sialic 
acid to galactose-containing substrates

EIEE16 Early infantile epileptic encephalopathy 16 (OMIM number 615338) TBC1D24 16p13.3 Interacts with GTPases

EIEE17 Early infantile epileptic encephalopathy 17 (OMIM number 615473) GNAO1 16q13 Modulators or transducers in various transmembrane 
signaling systems

EIEE18 Early infantile epileptic encephalopathy 18 (OMIM number 615476) SZT2 1p34.2 Localized to the peroxisome, and is implicated in 
resistance to oxidative stress

EIEE19 Early infantile epileptic encephalopathy 19 (OMIM number 615744) GABRA1 5q34 Encodes a gamma-aminobutyric acid (GABA) 
receptor

needed to be performed in a targeted fashion, for example, by sequencing the most

likely candidate genes in a linkage interval. With the advent of massive parallel se-

quencing approaches, some of the traditional tools of genetics became redundant, as

sequence information could be obtained directly. However, the new richness of data,

be it on the level of common single nucleotide polymorphisms (SNPs), copy number

variations (CNVs), or overall sequence, has led to the identification of a vast amount

of benign variation in the human genome (Fig. 1). This complexity was already fore-

shadowed by studies in early CNV, which projected that up to 10% of the human

genome is copy number variable in healthy individuals (Redon et al., 2006). This

initial estimate has since been shown to be too generous, partly because some of

the initial studies have relied on data from bacterial artificial chromosome (BAC)

Table 1 Genetic versus genomic concepts

Genetic concept (classic) Genomic concepts (novel)

Association findings
A significant association of a
common variant even in small
cohorts may indicate a
contribution to disease

Association findings
Most association findings are false positives.
Genome-wide significance (p�10�8) and
independent validation is required to make
findings credible

Rare variants
Rare genetic variation may be
contributory to disease if not
found in unaffected individuals

Rare variants
Rare genetic variation is frequent in patients
and controls and is not necessarily related to
disease

De novo mutations
De novo mutations and de novo
deletions are considered
pathogenic per se

De novo mutations
Even unaffected individuals carry 1–2 de novo
mutations in their coding sequence; additional
information is needed to implicate a pathogenic role

Single base pairs

...GATC...

...CTAG...

C

ChromosomesMicrodeletions

1 bp 10 bp 100 bp 1 kb 10 kb 100 kb 1 Mb 10 Mb 100 Mb

Indels

FIGURE 1

The range of genetic variants predisposing to human disease by size.
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Fig. 2. The range of genome alterations in humans predisposing them to disease by size. Adapted from 
Helbig I. Prog Brain Res 2014;213:253-7857), with permission of Elsevier B,V.
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of novel data, be it on the level of common single nucleotide poly-
morphisms, CNVs, or overall sequence, has led to the identification 
of a vast amount of benign variation in the human genome (Fig. 
2)57). Massive parallel sequencing in epilepsy genetics can be 
divided into three different fields: family studies, gene panel 
studies, and patient-parents trio studies. Family studies are 
performed to identify the causal monogenic variant in families. 
Panel studies trade additional genetic information for deeper 
coverage outside the selected genes in contrast to exome sequenc-
ing studies. Patient-parent trio studies focus on the genome-wide 
identification of de novo mutations57). 

Conclusions

In conclusion, the diagnostic procedure for EOEE is still 
challenging, but early recognition and proper management have 
an important effect on its long-term outcomes. We believe that 
next-generation sequencing technologies are inspiring hope in a 
large number of children with cryptogenic encephalopathies and 
the use of these approaches will eventually lead to the develop-
ment of new therapeutic strategies and, as a result, to more 
favorable long-term outcomes.
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