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categorizing interictal EEG features in
children

ABSTRACT

We introduce a simple scheme of categorizing interictal EEG in patients with pediatric epilepsy.
Five patterns of EEG can be determined by using 2 interictal EEG domains: organization of the
background activity and a morphology/topography of epileptiform discharges. These patterns
relate to commonly recognized categories of pediatric epilepsy: familial epilepsies, genetic gen-
eralized epilepsies, self-limited epilepsies, epilepsies with encephalopathy, and focal structural
epilepsies. Each group has distinguishable clinical presentations, inheritance patterns, and out-
comes. This categorization may be a useful educational tool; it may also guide decisions about fur-
ther testing and management. Neurology® 2015;85:471–478

GLOSSARY
AED 5 antiepileptic drug; BCSSS 5 benign childhood seizure susceptibility syndrome; EIEE 5 early infantile epileptic
encephalopathy; IED 5 interictal epileptiform discharges.

Recent advances in genetics and imaging have expanded our understanding of epilepsy and lead us
to more accurate, in-depth diagnoses.1 For a structured genetic and biologic classification to be
built, however, the right groupings of epilepsy phenotypes aided by EEG should be organized.

We introduce a simple scheme of categorizing epilepsy by using interictal EEG. We discuss
the relation of this EEG categorization scheme to the current list of electroclinical syndromes.
This EEG categorization will be beneficial to neurologists, particularly to new learners of EEG,
because of its simplicity.

CATEGORIZING EPILEPSY BY INTERICTAL EEG At a minimum, all that is required is one interictal EEG
that accurately represents the baseline cerebral activity of the patient, recorded during sleep and wakefulness. A
brief 30-minute routine EEG is usually sufficient, but EEG is subject to sampling errors, and sometimes
multiple EEGs are required to capture interictal epileptiform discharges (IED). In each EEG, 2 domains
are evaluated: (1) organization and slowing of the background activity and (2) a morphology/topography of
epileptiform discharges. The organization of the background refers to the anterior to posterior voltage and
frequency gradient, as well as the frequency of the different key rhythms, such as the posterior dominant
rhythm, frontal b activity, and central rhythms. The morphology of the epileptiform activity focuses on the
degree to which the epileptiform discharges are stereotyped or polymorphic.

Five commonly seen EEG patterns can be identified based on the combination of the 2 EEG features. The
patterns correlate with commonly recognized groupings of epilepsy (table 1): (1) familial epilepsies, (2) genetic
generalized epilepsies, (3) self-limited epilepsies, (4) epilepsies with encephalopathy, and (5) focal structural
epilepsies. They can be readily identified by their clinical presentation and interictal EEG.

Pattern 1: The familial epilepsies. A relatively small proportion of children with epilepsy who have consistently nor-
mal interictal EEGs belong to this group. The background is well-organized. IED are absent or rarely present.
Patients often have a strong family history consistent with an autosomal dominant inheritance.2–6 Seizures are
often focal and a good response to carbamazepine has been reported in many of the associated epilepsies.7

Pattern 2: Genetic generalized spike-wave epilepsies. In children and adolescents with epilepsy, a common
EEG pattern is a combination of a normal background with well-developed regular or stereotyped
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generalized spike-wave discharges with repetition
rates of 3 Hz or greater (figure 1A). These epilepsies
could be called genetic generalized epilepsies because
they show generalized spike-wave discharges and have
a genetic component, indicated by positive family
histories.8,9 Generally, broad spectrum agents are
used and sodium channel drugs are avoided.10 The
prognosis is generally favorable, although some will
require treatment for prolonged periods.

Pattern 3: Self-limited epilepsies with focal spikes. The
commonest forms of pediatric epilepsy show 2 EEG
features: normal interictal backgrounds and highly ste-
reotyped spikes (figure 1B). Panayiotopoulos11 uses the
apt term benign childhood seizure susceptibility syn-
drome (BCSSS) for these conditions. Clinical presenta-
tions and the prominent location of the active focus are
age-dependent. Spikes tend to be inherited in an
autosomal dominant fashion with variable penetrance
according to age.12 The clinical predisposition to
epilepsy, however, appears to have a relatively small
genetic component, as substantiated by several studies
including an analysis of several twin registries.8,13–17

Outcome is almost always excellent with regard to the
cessation of seizures but there may be issues associated
with learning, behavior, or attention.18 Prophylactic
treatment is generally avoided.

Pattern 4: Epilepsies with encephalopathy. These epilep-
sies are associated with an encephalopathy and need
to be promptly recognized and treated. They share
common EEG features: diffuse background slowing
and pleomorphic multifocal epileptiform discharges
(figure 2A). There may be various contributions of
genetic, metabolic, and structural causes in each indi-
vidual and it is rare to find a familial predisposition to
either the EEG features or the epilepsy in these pa-
tients. If present, genetic causes in this group are usu-
ally de novo mutations.19–21 There are 2 subtypes of
EEGs found in this group. The first group has a con-
tinuous, disorganized background. The second group
shows a certain degree of discontinuity superimposed
on their background activity.

Epileptogenic encephalopathies. This group may be
called the epileptogenic encephalopathies, meaning
that the same factor or factors that produce the
encephalopathy also cause the epilepsy. We anticipate
some broad themes to emerge in this group in the
future, reflective of the underlying pathophysiology.
At present, however, this complex group of patients
remains poorly characterized. The EEGs by them-
selves seldom suggest a specific diagnosis. Children
in this group often develop intractable epilepsy after
failing multiple antiepileptic drugs (AEDs).

Epileptic encephalopathies. The term epileptic
encephalopathy signifies that the epilepsy per se
may contribute to encephalopathy and have urgent
treatment implications. Yamatogi and Ohtahara22

conceptualized a spectrum with age-related differen-
ces in clinical and EEG manifestations, but a com-
mon thread of severe EEG findings, epileptic
encephalopathy, and refractory seizures including
tonic spasms. The EEGs show a discontinuous back-
ground, electrodecremental responses, or both. These
features indicate a susceptibility to epileptic spasms
and myoclonic-tonic and generalized tonic seizures.

Pattern 5: Focal structural epilepsies. Focal structural le-
sions, regardless of their nature, are often associated
with focal slowing, attenuation, or both. In addition,
IED tend to be pleomorphic with variations in their
precise morphology and topography. This contrasts
with the spikes seen in self-limited epilepsies with
focal seizures; in the latter, the spikes tend to be
uniform or stereotypic.

Focal structural epilepsies with spasms. This category
includes epilepsies with focal seizures that are accom-
panied by epileptic spasms. Currently, it is hard to
determine how often epileptic spasms occur in a child
with a structural lesion. In one of our studies, how-
ever, among 161 participants who had epileptic
spasms, we could identify as many as 91 children
who did not have typical hypsarrhythmia. In these
children, underlying structural lesion on MRI and co-
existing focal motor seizures were more common than
in patients with West syndrome.23 A similar trend has

Table 1 Five epilepsy EEG patterns

Pattern Epilepsy group EEG background Interictal epileptiform discharges

1 Familial epilepsies Normal None

2 Genetic generalized epilepsies Normal Stereotyped generalized

3 Self-limited epilepsies Normal Stereotyped focal or multifocal

4a (b)a Epileptogenic encephalopathies Diffusely slowed (with decrements) Pleomorphic multifocal and diffuse

5a (b)a Focal structural epilepsies Focal slowing (with decrements) Pleomorphic focal

A combination of 2 interictal EEG domains was used: organization of the background activity and a morphology/
topography of epileptiform discharges.
a Patterns 4 and 5 are subcategorized as 4b and 5b if electrodecrements are present.
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also been reported by another study.24 The temporal
relationship between epileptic spasms and a focal neo-
cortical lesion has been confirmed by another study
by using electrocorticography.25 In these circumstan-
ces, the interictal EEG may show multifocal spikes,
electrodecrements, and epoch of discontinuity (figure
2B), just as in epileptic encephalopathies. In some
cases, the background may be indistinguishable, but
pronounced segments in the form of asymmetric
slowing, attenuation, loss of complexity, spike ampli-
tude, and sleep architecture may be valuable clues to
the presence of an underlying focal structural lesion.
We suspect that epileptic spasms outside of West
syndrome, possibly in relation to a structural lesion,
are not rare, but are under-recognized. These may
require careful inspection of the clinical and EEG
features in order to be appreciated.

A PILOT STUDY AT OUR CENTER Methods. In
order to test the feasibility and the clinical utility of
categorizing epilepsy by using interictal EEG in chil-
dren, we conducted a pilot study, retrospectively re-
viewing initial EEGs of 57 children with epilepsy
chosen to illustrate a variety of different epilepsies.
We de-identified the EEGs and 2 epileptologists
reviewed them blindly (A.J.K. and S.H.K.). Per
each EEG, specific IED and background features
were evaluated and pattern was determined. Age at
onset was analyzed by using Kruskal-Wallis test.
Pearson x2 test was performed to see the difference
between the groups. In order to characterize each
group better, each group was also compared to one
combined group of the others. A p value less than
0.05 was considered significant. The reliability of
classifying EEG patterns was assessed by the kappa

Figure 1 EEG patterns 2 and 3

The background is normal and interictal epileptiform discharges are stereotyped. (A) EEG pattern 2. A normal background
and stereotyped generalized synchronous spike-waves with frontal accentuation are observed. (B) EEG pattern 3. EEG
shows highly stereotyped spike-wave complexes localized in the occipital region. Background EEG is normal.
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statistic to determine interobserver agreement
between reviewers beyond chance. A preliminary
assessment of outcome was conducted by reviewing
the electronic medical records for diagnostic
evaluation, treatment, response to medication, and
developmental outcome. All subjects had at least
1 year of follow-up from the initial EEG.

Standard protocol approvals, registrations, and patient

consents.Our institutional review board approved this
retrospective study with waiver of informed consent.

Patient characteristics. A summary of the patient find-
ings is provided in table 2. The median age of the
patients at the onset of seizures was 2 years (maxi-
mum5 16, minimum5 2, interquartile range 0–7).
Median follow-up duration was 1 year (maximum5 8,
minimum 5 1, interquartile range 1–2).

Inter-reviewer reliability. Among 57 EEGs, the re-
viewers agreed on 51 (89%) EEGs and disagreed on
6 (11%) by categorizing the EEGs in different EEG
groups. Overall, interobserver agreement was high

Figure 2 EEG patterns 4a and 5b

(A) In EEG pattern 4a, the background is diffusely slowed and interictal epileptiform discharges are pleomorphic and mul-
tifocal. (B) In EEG pattern 5b, the background is markedly asymmetric. Interictal epileptic discharges are pleomorphic and
multifocal, predominant on the right hemisphere. The background activity is frequently interrupted by marked
electrodecrements.
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(ĸ5 0.82). EEGs that were categorized differently by
the 2 reviewers included the following: (1) 2 EEGs
with generalized spike-wave discharges and occipital
intermittent rhythmic delta activity, which were
finally classified as pattern 2 after the second joint
review; (2) 1 EEG with stereotyped bitemporal
spikes and unilateral focal slowing, which was later
categorized as 5; (3) 1 EEG with focal slowing
superimposed on diffusely slowed background,
which was categorized as 5; (4) 1 EEG with rare
spikes and diffusely slowed background, which was
determined to be 4; and (5) 1 EEG with multifocal
spikes with left hemisphere background attenuation,
which was later classified as 5.

Follow-up of subjects. Children who had normal EEG
background (pattern 1) were more likely to be
seizure-free at the last follow-up than the other
groups (p 5 0.016). Children with EEG pattern 2,
stereotyped generalized spike-waves and a normal
background, were older than the others (p 5 0.01)
and were likely to show normal development before
(p 5 0.03) or after (p 5 0.01) the seizure onset.
Children who showed stereotyped, focal spikes and
normal background (pattern 3) were not likely to
receive a MRI study (p , 0.0001), or to be treated
with an AED (p , 0.0001), but still had the most
favorable outcome compared to the others (p ,

0.0001). Children who showed multifocal pleomorphic
spikes and slow background on EEG (pattern 4) were

more likely to have an earlier seizure onset (p 5 0.01)
and a confirmed genetic diagnosis by conventional
genetic tests (p , 0.0001), most likely to be treated
with an AED (p 5 0.029), and least likely to be
seizure-free on no AEDs (p 5 0.012). Genetic
diagnoses of the patients with EEG pattern 4 included
trisomy 21 in 2 patients, TSC gene mutation in 2,
CDKL5 gene mutation in 1, and a SHOX gene
mutation in 1. Children who showed focal
pleomorphic spikes and slowing on EEG (pattern 5)
were more likely to show abnormal neurologic
examination than the others (p 5 0.04).

RELATION WITH THE CURRENT INTERNATIONAL
LEAGUE AGAINST EPILEPSY SYNDROME
DIAGNOSIS We attempted to apply the findings of
the International League Against Epilepsy report
from 201026 to our system (figure 3).

Pattern 1: Familial epilepsies. Identified epilepsy syn-
dromes in this EEG category include benign familial
neonatal seizures, benign familial neonatal infantile
seizures, autosomal dominant nocturnal frontal lobe
epilepsy, autosomal dominant lateral temporal lobe
epilepsy, and autosomal dominant partial epilepsy
with auditory features.

Pattern 2: Genetic generalized epilepsies. Children with
genetic generalized epilepsies often have EEG features
that could be appropriately placed with the second
category of EEG findings. While specific details about

Table 2 Characteristics of patients, treatment, and outcome in each EEG pattern group

Total (n 5 57) 1 (n 5 6) 2 (n 5 8) 3 (n 5 6) 4 (n 5 20) 5 (n 5 17) p Value

Sex, F:M 30:27 2:4 5:3 5:1 12:8 6:11 0.2

Age at onset, y, median (IQR) 2 (8) 2 (3) 9 (15) 8 (5) 0 (1) 3 (9) 0.01

Abnormal neurologic
examination, n (%)

16 (28) 1 (17) 1 (13) 0 6 (30) 8 (47) 0.1

Abnormal development

Initially, n (%) 18 (32) 1 (17) 0 1 (17) 9 (45) 7 (41) 0.1

At follow-up, n (%) 24 (42) 1 (17) 0 1 (17) 12 (60) 10 (59) 0.01

MRI

Performed, n (%) 42 (74) 5 (83) 5 (63) 0 17 (85) 15 (88) ,0.0001

Structural lesion, n (%) 23 (55) 2 (40) 1 (20) 0 11 (65) 9 (60) 0.3

Genetic diagnosis, n (%) 6 (11) 0 0 0 6 (30) 0 0.01

Treatment

Surgery, n (%) 1 (2) 0 0 0 0 1 (6) 0.7

Ketogenic diet, n (%) 9 (16) 0 1 (13) 0 4 (20) 4 (24) 0.5

Antiepileptic drug, n (%) 49 (86) 4 (67) 8 (100) 2 (33) 20 (100) 15 (88) 0.001

Seizure freedom for 1 year

At last FU, n (%) 30 (53) 6 (100) 4 (50) 5 (83) 7 (35) 8 (47) 0.04

At last FU with no AED, n (%) 14 (25) 2 (33) 1 (13) 5 (83) 1 (5) 5 (29) 0.003

Abbreviations: AED 5 antiepileptic drug; FU 5 follow-up; IQR 5 interquartile range.
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the generalized spike-wave discharges might allow
some degree of segregation between the epilepsies in
this group, the predominant seizure type may be
even more specific in identifying the precise
syndrome. For example, if a child demonstrates
absence seizures as the predominant seizure type,
possible epilepsy syndromes for consideration would
include childhood absence epilepsy or juvenile
absence epilepsy. These are often easily separated
according to the age at onset. If simple myoclonic
seizures are the predominant seizure type, then
myoclonic epilepsy in infancy or juvenile myoclonic
epilepsy are considerations, again, easily
distinguished by the age at presentation. There are
also epilepsy syndromes with more complex
myoclonic seizures, such as myoclonic-absence
epilepsy, epilepsy with myoclonic-atonic seizures, or
Jeavons syndrome.

Pattern 3: Self-limited epilepsies with focal spikes. Pan-
ayiotopoulos syndrome, benign epilepsy with centro-
temporal spikes, and late onset occipital epilepsy
(Gastaut type) may be included under this EEG
pattern.

Pattern 4: Epilepsies with encephalopathy. Epileptogenic

encephalopathies. There are few well-recognized syn-
dromes in this category, and this grouping may seem
to contain a collection of specific diseases rather than
a list of epilepsy syndromes. Few EEG clues exist to
allow precise identification of the underlying condi-
tion, but important exceptions include ring chromo-
some,27 malignant migrating focal seizures of
infancy,28 and Angelman syndrome.29 Often, it is
the details of the clinical presentation that suggest
the underlying cause (e.g., Dravet syndrome, epilepsy
in females with mental retardation).

Epileptic encephalopathies. Examples of syndromes
that are associated with this EEG category include
the early epileptic encephalopathies (including early
myoclonic encephalopathy and early infantile epilep-
tic encephalopathy [EIEE]), West syndrome, late
infantile epileptic encephalopathy, and Lennox-
Gastaut syndrome.

Special considerations. There are situations that may
require additional consideration. First, there may be
some cases where the EEG findings may be consistent
with multiple categories simultaneously, as is

Figure 3 Genetics, clinical outcome, and epilepsy syndrome examples of each EEG pattern group

AD 5 autosomal dominant; EFMR 5 epilepsy and mental retardation restricted to females; EIEE 5 early infantile epileptic encephalopathy; EME 5 early
myoclonic encephalopathy; GTC 5 generalized tonic-clonic seizure.
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sometimes the case with clinical presentations. EEG
and clinical features may sometimes suggest a differ-
ential diagnosis but not necessarily a specific syn-
drome. Examples are generalized spike-wave
discharges with concurring stereotyped focal spikes
suggesting either absence epilepsy or a self-limited
epilepsy (BCSSS).30,31 Second, in some children,
EEGs may evolve and fit different categories at
different time points. This is classically seen in the
epileptic encephalopathies, where infants may
originally present with EIEE and then evolve to
West syndrome, or where children with West
syndrome evolve to Lennox-Gastaut syndrome.
Third, not all EEGs are informative. EEGs are
subject to sampling phenomenon and multiple EEGs
may be needed before declarative features are found.

DISCUSSION How are these groupings helpful? One
can reliably distinguish 5 groups of EEG findings
based upon a consideration of the background and
the specific characteristics of the epileptiform dis-
charges. Such a simple categorization of interictal
EEG abnormalities in children with epilepsy may
be helpful in several ways. First, and from the start,
we envisioned this as primarily an educational tool,
designed to help the individual learning pediatric
EEG how to abstract and apply the information in
a clinically useful way. Second, the literature review
suggests that these groupings may help to identify
the relative role of genetics as structural underpin-
nings and provide a stepwise logic for the clinical eval-
uation. One might argue that patients with the first 3
types of epilepsy including familial, genetic general-
ized, and self-limited epilepsies do not require
imaging or urgent referral for other diagnostic
testing. Patients with epileptic encephalopathies, on
the other hand, require a thorough diagnostic
evaluation, including a search for de novo genetic
mutations in those with no other ready explanation.
Patients in the focal structural group should, of
course, have high-quality brain imaging. Third, the
clustering of epilepsy syndromes with the groups
may help to inform the clinician, in broad terms,
about what types of treatment to consider, and
equally notable, what to avoid. Fourth, and finally,
our pilot data would suggest that this simple
categorization may be useful in helping the primary
care physician to triage between patients requiring
urgent evaluation by specialists and those who
could be managed in less advanced settings. Patients
with encephalopathic epilepsies and focal structural
epilepsies may particularly benefit from early referral
to specialists and centers skilled in these types of
evaluations. This would require confirmation in a
larger prospective study of children with new-onset
epilepsies.
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