PAEDIATRIC EPILEPSY TRAINING

Precourse Workbook

2018 Edition

BPNA

British Paediatric Neurology Association
Endorsed and supported by

www.bpna.org.uk "_I»E ,
International League

Charity registered in England and Wales (number: 1159115) Against Epilepsy




Welcome to Lxd =1 IV

Paediatric Epilepsy Training (PET) courses were established by the British Paediatric Neurology
Association (BPNA) in 2005. They aim to contribute to the ongoing development of health
professional expertise and services for children with epilepsies. PET2 and PET3 are designed to
complement PET1 and are aimed at paediatricians developing expertise in epilepsies and epilepsy
specialist nurses. Participants are encouraged to attend PET1 first and therefore PET1 knowledge is
assumed.

PET2 considers diagnosis, classification, investigation and treatment of epilepsies in infancy and early
childhood. The format of the course is varied and includes quizzes, workshops, debates, lectures and
role play. The course focuses on the application of knowledge in the real clinical world and therefore
deliberately examines areas of uncertainty!

Fees towards the course go towards venue hire, refreshments, actor fees, course materials and
ongoing course development costs. PET courses are indebted to the ongoing support of the many
facilitators who contribute to the course purely on a voluntary basis.

To get the most out of the course, please read the papers provided before attending the course.

a) A helpful EEG paper to go alongside the EEG session: AJ Fowle, CD Binne. Uses and Abuses of
the EEG in Epilepsy. Epilepsia. 2000; 41 (Suppl 3):S10-518

b) The ‘To treat or not to treat’ workshop considers the aims and ‘pros and cons’ of commencing
treatment in a girl who has had two generalised tonic clonic seizures 6 months apart. Please
read the papers provided that look at issues relating to this. Read the papers and consider how
treatment would specifically impact in the following areas:

e Risk of subsequent seizures

e Natural history of the epilepsy

e Safetyissues

e Mental health and psychosocial issues
e Risk of death

e Other areas

Also reflect on the following:
e What factors may influence the final decision about commencing treatment?
e Isthere aright or wrong decision?

e Whose decision is it?
e What other evidence base may be helpful?
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Papers provided to help with the ‘To treat or not to treat’ workshop:
1. SShinnar et al. Predictors of multiple seizures in a cohort of children prospectively
followed from the time of their first unprovoked seizure. Annals of Neurology. 2000; 48:

140-7

2. SShinnar et al. The risk of seizure recurrence after a first unprovoked afebrile seizure in
childhood: an extended follow-up. Pediatrics. 1996; 98 ( 2): 216-25

3. CCamfield et al. Does the number of seizures before treatment influence ease of control or
remission of childhood epilepsy? Neurology. 1996; 46: 41-44

4. S Davies, | Heyman, R Goodman. A population survey of mental health problems in
children with epilepsy. Developmental Medicine & Child Neurology. 2003; 45 (5): 292-5
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Uses and Abuses of the EEG in Epilepsy

Adrian J. Fowle and Colin D. Binnie

Department of Clinical Neurophysiology, King’s College Hospital, London, United Kingdom

Summary: Our purpose was to indicate clinical situations in
epilepsy in which the EEG provides useful information and
those in which it is unhelpful and should be avoided. We per-
formed an overview of the formal evidence available through
Medline, Cochrane, and the Internet, as well as a traditional
review based on the questions commonly asked of the authors’
department in a London teaching hospital. We found that there

is insufficient high-quality evidence to informed decisions re-
garding EEG utility. The EEG has many uses in epilepsy but,
without attention to detail in the referral, may be abused. Good
liaison between the referrer and the EEG department is essen-
tial to make proper use of the EEG. Key Words: EEG—Epi-
lepsy—Indications—Ultilization—Utility.

EEG TECHNOLOGY

“Despite the proliferation of EEG departments, extensive
research, the development of increasingly complex tech-
niques, and the acquisition of a modicum of medical re-
spectability, it is fair to say that the sanguine hopes of the
early electroencephalographers have not been fulfilled.”

These are the opening words of the final chapter on
“The Future of the EEG in Clinical Practice” by Laidlaw
and Stanton (1), written about 30 years after the intro-
duction of EEG as a clinical tool. Approximately 30
years later, can we be any more optimistic about the
place of EEG, and what we can predict for the next 30
years?

Much has changed in the past 30 years. The 8- or
16-channel paper EEG machines and transistor amplifi-
ers of that era are replaced by machines capable of dig-
itally recording 32 channels of EEG on a standard com-
puter. It is interesting to note Laidlaw and Stanton’s
comment, “It is difficult, even for those experienced in
EEG work, to appreciate more than 8 channels of EEG
tracing at a time” at a time when even ECG is routinely
presented as a 12-channel recording. In most modern
departments, 20 or 21 channels of EEG and one channel
of ECG are now routinely recorded and displayed. The
computer-based systems enable one to redefine the mon-
tage, derivation, and filter settings not only during re-
cording but also when the EEG is reviewed. These digital
electronics systems are also small and robust. Full re-

Address correspondence and reprint requests to Dr. Adrian J. Fowle
at Department of Clinical Neurophysiology, King's College Hospital,
Denmark Hill, London SE5 9RS, U.K.
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cordings can be made with a system consisting of a stan-
dard laptop computer and a small box of preamplifiers.
This equipment can be taken to intensive therapy units
(ITUs), to peripheral clinics, and to patients’ homes, al-
though working with such a system is less convenient
than with a desktop computer based system in a proper
EEG laboratory.

Current technology also makes it possible for multi-
channel EEG and polygraphic data to be recorded for
ambulant patients wearing small tape recorders. In spe-
cialized laboratories, such data can be recorded with si-
multaneous digital video for periods of several days, a
technique known as video EEG telemetry.

Computer technology helps with the analysis as well
as the recording of EEG data, with online frequency
analysis becoming readily available in some systems.
Potential maps of the brain surface are also produced,
using a variety of mathematical models. These tech-
niques are not used routinely.

The complementary investigations offered by neuro-
imaging departments have also progressed from air en-
cephalograms and angiograms of the 1960s to include
computer-assisted tomography (CT) and magnetic reso-
nance imaging (MRI). Functional imaging modalities are
also becoming available, with functional MRI (fMRI)
and various types of nuclear medicine-based technolo-
gies such as positron emission tomography (PET).

In reviewing the use of EEG, it may be helpful first to
consider what types of problems these investigations are
intrinsically suited to solving. The EEG has a high tem-
poral resolution. It can distinguish spike activity down to
10 ms with ease, or even better for research purposes if
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high sampling rates are used. It has a spatial resolution of
perhaps 2 cm but records only activity from the surface
of the brain unless invasive electrodes are used. CT and
MRI have spatial resolutions down to a few millimeters
but temporal resolutions of several seconds. Functional
MRI and PET scans fall between these two extremes, but
both of these are only available in specialist centers.

It might therefore seem obvious that the EEG is best
suited to studying the response of the brain to events in
the environment or to internal changes during a seizure.
Conversely, the higher spatial resolution of imaging
methods is better suited to revealing the anatomy around
a lesion. In practice, however, the distinction is not so
clear-cut. The function of the brain has not proved easy
to deduce from the recorded activity at the surface. Some
lesions that are still too small to be detected with current
imaging technology may nevertheless produce sufficient
functional disturbance to be detected on EEG. EEG has
the advantages that it can be taken to the bedside, it is
cheaper than most imaging modalities, and does not in-
volve exposure to radiation. It can therefore be repeated
more often than imaging studies to chart a patient’s prog-
ress.

UNDERSTANDING THE EEG

The EEG is a test or series of tests whose exact form
can be varied before and during the test to meet the needs
of the evolving clinical problem. The ability to vary the
test and the final report both depend on the ability to
recognize the presence or absence of various EEG phe-
nomena and their significance in the clinical context.
These phenomena are waveforms of particular duration,
frequency, or shape and their topographic variation over
the surface of the scalp. This recognition process is simi-
lar to the pattern matching that is used in medical deci-
sion-making in many areas. Much work has been per-
formed on computer recognition of EEG features, but
thus far it has had little impact on routine EEG practice.

Reading EEGs must be learned through apprenticeship
and experience, and it remains an inexact science. The
point at which an irregular background activity becomes
a small detectable abnormality is open to debate even
among experienced practitioners. When the phenomena
have been identified, their significance can be deter-
mined. For this, the literature provides some guidance for
proven associations. Overall, the EEG remains an inves-
tigation with a categorical as opposed to continuous out-
come, with specificity and outcome that are hard to de-
termine, but which produces data obtainable by no other
means.

THE EVIDENCE-BASED APPROACH TO EEG

The entire field of clinical neurophysiology is poorly
served by evidence-based medicine. There are many
thousands of articles describing trials of antiepileptic
drugs (AEDs) and reports of single or series of cases in
which EEGs were performed. There are, however, only a
few studies in which the correct use of the EEG has been
studied in its own right. There are even fewer published
consensus statements or systematic reviews.

METHODS

A brief review of the available formal evidence was
conducted. Table 1 shows the Internet sites searched on
September 12 and 13, 1998. The search terms EEG,
Electroencephalography, and Electroencephalogram
were searched separately in those sites offering search
engines. In sites offering hierarchical navigation, the
Neurology tree was followed.

The Cochrane Library (1998, Issue 1) on CD-ROM
was searched for the same terms.

Medline on CD-ROM (up to 8/98) was searched using
the WinSPIRS program. Searches were made for Epi-
lepsy and Electroencephalography, using both Mesh
terms and free text searches. The Mesh term Electroen-
cephalography was exploded and its subheadings ana-
lyzed.

TABLE 1. Evidence-based medicine sites searched on the Internet

Title

Internet address

Bandolier
Centre for Evidence Based Medicine
Canadian Medical Association, Clinical Practise Guidelines Infobase
Effective Health Care Bulletins
Evidence Based Medicine
Internet Database of Evidence Based Abstracts and Articles (IDEA)
NHS Centre for Reviews and Dissemination: Systematic reviews
NHS Economic Evaluation Database
NHS Health Technology Assessment (HTA) database
NLM Health Services/Technology Assessment Text
(includes NIH consensus statements and AHCPR technology
assessments and reviews)
ScHARR-Lock’s Guide to the Evidence

http://www.jr2.0x.ac.uk/Bandolier

http://cebm.jr2.0x.ac.uk

http://www.cma.ca/cpgs/neur.htm
hitp://www.york.ac.uk/inst/crd/ehcb.htm
http://www.ohsu.edu/bicc-informatics/ebm
http://www.ohsu.edu/bicc-informatics/ebm/ebm_topics.htm
http://www.york.ac.uk/inst/crd/listcomp
http://mhscrd.york.ac.uk/

http://nhscrd.york.ac.uk/

http://text.nlm.nih.gov

http://www.shef.ac.uk/uni/academic/R-Z/schart/ir/scebm.html

Epilepsia, Vol. 41, Suppl. 3, 2000
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RESULTS

The Internet and Cochrane searches yielded three ab-
stracts and the full text version of Ehrlichman (2). The
Internet search also retrieved two papers (3,4). Eight
INAHTA (International Association of Health Technol-
ogy Assessments) were located in abstract form. One of
these was Ehrlichman (2). The other seven covered mag-
netoencephalography and polysomnography as well as
presurgical evaluation of epilepsy. Some of these re-
views were still in progress and some were mainly of
interest to the author’s geographic region.

The Cochrane search also offered a database of over
55,000 drug trials indexed under Electroencephalogra-
phy, with no means of filtering them further.

In Medline, “explode Electroencephalography/all sub-
headings” yielded 61,910 records. An additional 9,081
records were retrieved by free text searches for EEG or
Electroenceph*, of which 322 records contained one of
these words in the title. (Electroenceph®* retrieves words
beginning with Electroenceph, and therefore such varia-
tions as Electroencephalography and Electroencephalo-
gram.)

The free text search for Epilepsy produced 41,276
records, whereas “explode Epilepsy/all subheadings”
yielded 39,697 records. Combining these with related
terms from the thesaurus, such as Landau-Kleffner syn-
drome, yielded a total of 43,354 records related to epi-
lepsy.

The intersection of the total EEG and total Epilepsy
sets yielded 14,477 records, whereas the intersection of
the exploded Mesh searches yielded 12,560 (1,917
fewer).

The Mesh subheading Utilization is defined as “Used
with equipment, facilities, programs, services, and health
personnel for discussions, usually with data, of how
much they are used. It includes discussions of overuse
and underuse.” Thirty papers were retrieved by “explode
electroencephalography/utilization,” of which only eight
were in the intersection with the Mesh epilepsy search.
Other subheadings relevant to the present review yielded
the following intersections with epilepsy: classification
38; economics 3; methods 603; and standards 13.

DISCUSSION

Despite the current enthusiasm for evidence-based
medicine (EBM), there appears to be little formal evalu-
ation of the role of the EEG in the diagnosis and man-
agement of epilepsy. There is a Cochrane review group
for epilepsy but thus far not for clinical neurophysiology.
Medline remains a powerful tool but, in this field at least,
does not provide a sufficiently accurate classification of
all papers. This review has examined only the quantity of
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the evidence; the quality of the evidence will be ad-
dressed in a future publication.

REFERRAL FOR EEG IN EPILEPSY

In the minds of most doctors, EEG is a tool for inves-
tigating epilepsy, although in fact it has other uses. Table
2 shows the questions posed in epilepsy by users of our
department. Often more than one of these questions is
asked or implied on the same request form, although the
wording may not be in the form shown in the table. The
list of “Uses of the EEG” is much the same as the list of
“Abuses of the EEG” because it is in the detail of the
clinical problem that the difference lies. This underlies
one of the important points to be made in this review. To
get the best out of an EEG requires a dialogue between
the referring doctor and the neurophysiologist. A clear
statement of the clinical problem and the question that
the EEG is to answer should both be provided on the
referral form. The neurophysiologist can then decide
which, if any, tests are suitable to answer the question.
The final report will address the question posed and in-
dicate whether it has been answered, what the answer is,
and recommend further studies if appropriate.

The EEG is abused in a general way if insufficient
information about the clinical problem is given on the
referral form or if the report is not comprehensible to the
referring doctor. This lack of communication represents
a type of abuse that could be solved by a joint program
of education between referring specialities and neuro-

TABLE 2. Questions posed by referral forms for EEG

Is it epilepsy?
Epilepsy vs. syncope
Epilepsy vs. nonepileptic attack disorder
Epilepsy vs. aggression
Status epilepticus on ITU
Epilepsy in children
Absence vs. daydreaming

What type of epilepsy is it?
Seizure type
Syndrome
Etiology

Is there a lesion and where?

What is the prognosis?
After a single seizure
After multiple seizures
After surgery

What is the effect of antiepileptic drugs?
In status epilepticus
Is the dose high enough?
Are there side effects?
Could they be stopped?

Can the patient . . .
Drive
Fly
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physiology. Much of the remainder of this review con-
centrates on the specific questions shown in Table 2.

IS IT EPILEPSY?

Given the common perception of EEG, it is perhaps
surprising that EEG answers this question only in rather
limited circumstances. This question is one of the com-
monest abuses of EEG, often in the form “to exclude
epilepsy,” which is almost never possible. The diagnosis
of epilepsy is essentially a clinical one. If there is good
evidence from a witness of more than one classical gen-
eralized tonic—clonic convulsion, or of many absences,
the patient has epilepsy.

In the majority of patients with funny turns, faints, and
giddy spells, any given interictal EEG will be indistin-
guishable from normal, but this does not “exclude epi-
lepsy.” If nonepileptiform abnormalities are found, this
often does not help to distinguish those with and without
concomitant epilepsy.

The failure of EEG to answer this question stems from
two observations that are themselves much misunder-
stood: first, that the EEG may be abnormal in normal
people and, second, that it may be normal in people with
epilepsy. Both of these statements are true and are only
expressions of the specificity and sensitivity of the EEG.
However, they have been used to denigrate EEG unnec-
essarily. Not performing an EEG when it would be help-
ful is another general abuse of the EEG, whose occur-
rence is hard to assess.

Cross-sectional EEG studies of the “normal popula-
tion” are difficult to perform. However, studies have
been performed in military aircrews and candidates for
aircrew training undergoing routine EEGs as part of
medical screening (5,6). The incidence of epileptiform
activity in asymptomatic men is low (1%). Those with
epileptiform activity have roughly a 2.5-5% chance of
developing epilepsy in the next few years. These studies
have insufficient follow-up data on subjects without epi-
leptiform activity, but this risk is higher than the approxi-
mately 2% lifetime risk for epilepsy in the general popu-
lation, including childhood epilepsy. After exclusion of
those with asymptomatic cerebral disorders and of those
who subsequently develop epilepsy, the rate of false-
positives is about 0.3%.

Zivin and Ajmone-Marsan (7) reviewed the EEGs of
patients referred to their department for reasons other
than the investigation of a seizure disorder. (This was
before the use of modern neuroimaging techniques.) In
2%, epileptiform discharges were found in the EEG. The
incidence was much higher, up to 20%, in patients with
congenital or perinatal acquired brain abnormalities,
brain neoplasms, craniotomies, mental retardation, and
biochemical defects. A total of 14% of patients with
epileptiform discharges subsequently developed sei-

zures, many in the first 4 weeks after EEG. Although the
risk for epilepsy is high in this group, there are still
“epileptiform activities” in many patients with cerebral
disease who do not have epilepsy. Unfortunately, there is
no description in this paper of the incidence of seizures
in those without epileptiform discharges.

Later, the same authors (8) reviewed 1,824 EEGs in
308 people with epilepsy. In 92 patients (30%), all the
EEGs contained epileptiform discharges. Fifty-four pa-
tients (18%) never exhibited epileptiform discharges de-
spite repeated EEGs over several months. Epileptiform
discharges were found on some occasions, but not on
others, in 162 patients (52%). Overall, epileptiform dis-
charges were found in 55% of patients at the first ex-
amination.

Binnie (9) reported the prevalence of epileptic phe-
nomena in patients who clinically had epilepsy. One-
third showed abnormalities in every EEG, one-third
never, and one-third sometimes. The combination of a
wake-and-sleep record yielded epileptiform activity in
80% of these patients.

Taken together, these studies suggest an 80% chance
of showing epileptiform activity in a first wake-and-
sleep EEG in people with epilepsy. Provided there is no
other evidence of cerebral disease, epileptiform activity
is rare in those who are and will remain free of epilepsy.
Conversely, the finding of epileptiform activity consid-
erably increases the chance for a diagnosis of epilepsy.

It is therefore the practice in our department to offer
referring doctors the ability to order a combined routine
and sleep EEG as the first investigation in patients with
epilepsy, not only to establish that they have epilepsy but
also to determine its type, as detailed below. This policy
reduces costs and inconvenience to patients in an epi-
lepsy service but is inappropriate for patients with a low
chance of having epilepsy, and therefore requires some
discrimination by the doctors.

Epilepsy vs. syncope

When can an EEG help answer the “Is it Epilepsy”
question? It may help distinguish epilepsy from syncope
in some cases, especially if an attack can be recorded
with simultaneous EEG and ECG. It should not be for-
gotten, however, that elderly patients may easily have
both cerebrovascular and cardiac causes of drop attacks
and may be normal between attacks of either kind. It is
also well recognized that small tonic—clonic movements
may occur during vasovagal syncope, and are not usually
regarded as epileptic seizures. Conversely, absence at-
tacks may occasionally mimic syncope.

Linzer and colleagues (3) systematically reviewed the
literature on the diagnosis of syncope to develop a clini-
cal guideline. In total, 534 EEGs were performed in eight
studies of syncope. They were diagnostic in only eight
cases. Of these eight patients, two had a history of sei-

Epilepsia, Vol. 41, Suppl. 3, 2000
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zures and information was not available for the others.
The guidelines recommend EEG “if seizure activity is
present on history and physical findings” and also that
“patients who have seizure activity, normal results on
EEG and no postictal symptoms and patients with sei-
zures who do not respond to anticonvulsant medications
should be evaluated for possible cardiac syncope.”

Epilepsy vs. nonepileptic attack disorder

Video EEG telemetry can be performed for several
days in difficult cases. This slightly increases the chance
of detecting significant interictal activity, but the main
aim of this approach is to capture the patient’s attacks
with simultaneous video and EEG. Patients are free to
move, as opposed to being on an EEG couch, and some
semblance of their normal behavior is observed. Telem-
etry distinguishes most types of nonepileptic seizures
from true epilepsy (2). For example, an attack is not
epilepsy if a tonic~clonic convulsion is not accompanied
by generalized EEG discharges. It is well recognized that
patients may have both epileptic and nonepileptic sei-
zures, and the proportions of each can often be assessed
by this technique. It must be remembered that even suc-
cessful capture of seizures does not guarantee a diagnos-
tic conclusion. For example, simple partial seizures ate
often not accompanied by any ictal EEG change.

A telemetric investigation that does not show epilepsy
is not just a negative result. It may result in the diagnosis
of epilepsy being revised, AEDs being withdrawn, and a
more appropriate psychiatric management being insti-
gated. ‘

Epilepsy vs. aggression

The question of whether aggressive outbursts repre-
sent ictal phenomena is frequently asked, particularly
with regard to adolescents. It is largely unrewarding
work. Many of these patients are found to have minor
epileptiform or other abnormalities on routine EEG.
However, on video EEG is becomes apparent that the
behavioral disturbances are unrelated to the EEG abnor-
malities.

Status epilepticus on an ITU

On an ITU the EEG can determine if there is convul-
sive status epilepticus in a patient whose convulsions are
masked by sedation and paralysis. This may be the only
means to guide treatment of severe status. Similarly,
nonconvulsive status may be revealed only by EEG.

Epilepsy in children

Children who are too young to give a reliable descrip-
tion of their symptoms may exhibit seizure activity on
EEG that will support a diagnosis of epilepsy.

Absence vs. daydreaming
Typical absence attacks are associated with a 3-Hz
spike-and-wave discharge. The absence of this charac-
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teristic discharge during adequate provocation by hyper-
ventilation makes typical absence epilepsy very unlikely.
Absence-like symptoms also occur in complex partial
seizures; their diagnosis by BEEG is similar to the general
case described above. This is one of the situations in
which an ambulatory EEG recording may be useful.

WHAT TYPE OF EPILEPSY IS IT?

The International League Against Epilepsy (ILAE)
has separately classified epileptic seizures (10) and epi-
leptic syndromes (11) (or “the epilepsies,” as they are
sometimes known). Both classifications are periodically
revised to reflect advances in understanding. Both also
include clinical and electrographic features. These clas-
sifications are important because the prognoses of the
various syndromes and their treatments are very differ-
ent. This is probably the most valuable use of the EEG in
epilepsy. Tt is also one of the hardest arts to master in
EEG. As described above, repeated EEG studies and
sleep EEG studies may be necessary to obtain sufficient
information to answer these questions.

Seizure type

The EEG is used to answer the following questions: Is
the seizure generalized or focal? (This is explored in a
section below.) What is the morphology of the phenom-
ena seen? What postictal changes are present?

Syndrome

The syndrome classification builds on the knowledge
of seizure types. The main distinctions are between gen-
eralized and localization-related epilepsy and between
idiopathic and symptomatic. The first dichotomy relies
heavily on the similar dichotomy in seizure types. The
EEG may contribute both to this and to the second di-
chotomy if abnormalities in the background activity sug-
gest an underlying brain disease from which epilepsy is
arising.

Etiology

EEG can rarely determine the etiology of an epilepsy,
beyond delineating a seizure type and syndrome. On
some occasions however, the pathology causing the epi-
lepsy can be deduced from the EEG.

Video EEG telemetry is also useful for recording sei-
zures to determine their type and possible focus. This is
most useful in the context of presurgical evaluation.
Video EEG telemetry and amytal (Wada) testing can
both be used to determine whether there is spread of
seizure activity from one area to another.

IS THERE A LESION AND WHERE?

Neuroimaging techniques have replaced EEG as the
primary tool for diagnosing intracranial lesions. How-
ever, the EEG can sometimes still provide the first sug-
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gestion that the patient might have a lesion. Some lesions
whose functional effects can be detected on EEG are
nevertheless too small or of the wrong pathology to be
detected on current readily available imaging modalities.
Some patients have multiple lesions and the EEG may be
able to identify the lesion most likely to be causing
symptoms. In presurgical evaluation of epilepsy, EEG
remains an important part of the battery of investigations.
EEG investigations available include routine and sleep
EEGs, video telemetry, amytal testing, and depth or in-
tracranial recordings (4).

There are catches for the unwary. First, not all local-
ization-related or partial epilepsy is related to a lesion in
the traditional surgical sense, and this causes much con-
fusion in EEG reports. Second, modern epilepsy surgery
can sometimes offer treatment to such nonlesional foci.
This requires careful communication among the large
number of specialists who comprise an epilepsy surgery
team.

Generalized epilepsies may produce multifocal dis-
charges on EEG. At a given moment, only one focus may
be active, giving a false impression of a localization-
related epilepsy. This and other aspects of idiopathic
generalized epilepsy have been reviewed and discussed
(12). Conversely, focal seizures with rapid secondary
generalization may appear to be primarily generalized in
nature. There are theoretic but contested arguments that
all generalized epilepsies start in a single cortical loca-
tion. This does not alter the practical distinction between
primary and secondary generalization with which we are
concerned here.

WHAT IS THE PROGNOSIS?

The EEG has no direct role in the prognostication of
seizures or epilepsy. However, the diagnosis of epileptic
syndromes, in which EEG plays a major part, may sig-
nificantly alter the prognosis.

After a single seizure

Previously, it was accepted practice to give AEDs only
after two or more seizures. It is becoming more common
to treat after one seizure if the history is convincing,
particularly if there are abnormalities on the EEG. It is
therefore becoming more difficult to observe the natural
history of untreated seizures. This topic was reviewed by
Rowan and French (13). About 50% of all patients have
only one seizure. In children, there is an increased risk
for further seizures if the EEG shows organic brain dam-
age, typical 3-Hz spike-and-wave or centrotemporal
spikes. There is still a 30-40% risk of recurrence even
with a normal EEG. In adults, there is an increased risk
for further seizures if the EEG shows generalized spikes
and waves. Surprisingly, the presence of focal features
does not increase the risk.

After multiple seizures

People with epilepsy have, by definition, recurrent sei-
zures. Treatment may reduce the frequency of rather than
abolish seizures. It is to be expected, therefore, that such
people will come to the attention of the health services.
They are often referred for unnecessary EEG examina-
tion by junior medical staff. The EEG is often difficult to
interpret after a major seizure and in most cases offers no
new information.

An EEG should be requested if seizure type or fre-
quency changes significantly. There is a possibility that a
new type of epilepsy for that patient will be apparent,
leading to a change in syndrome diagnosis and hence in
the prognosis and management.

After surgery

The outcome of epilepsy surgery becomes evident
only after extended follow-up. The EEG therefore de-
serves consideration as an early predictor of the long-
term result of surgery. However, postoperative EEG in-
vestigations are rarely as detailed as those carried out
during preoperative assessment. Only one study reports
the use of activating techniques or special electrodes
(14). Minor abnormalities can be expected simply as a
consequence of surgery. In particular, within 3 months
focal slow activity is common. Long-term abnormalities
include asymmetries of background activity due to skull
defects and a possible breach rhythm, the sharp theta
waves that often occur at the site of craniotomy (15). Six
months after surgery (16), residual discharges were as-
sociated with continuing seizures and with failure to ex-
cise the entire irritative zone, as determined by preop-
erative studies. Twenty percent of patients showed epi-
leptiform activity, of whom 58% had seizures, whereas
all but 19% of those without epileptiform activity were
seizure-free. There was no association of EEG dis-
charges at 6 months with spikes in the postresection elec-
trocorticogram. At 1 year after surgery (14), residual
spikes were found in 22% of patients. Discharges were
predictive of continuing seizures, with a sensitivity of
40% and a specificity of 94%. Two years after surgery
(17), only 7% of patients with epileptiform EEG dis-
charges were seizure-free, whereas an absence of dis-
charges was accompanied by clinical improvement in
87%. However, other studies have not found postopera-
tive EEG findings to be predictive of outcome (18,19).
After amygdalo-hippocampectomy the EEG is often un-
improved, irrespective of outcome. This is perhaps not
unexpected, as this operation does not purport to remove
the irritative zone.

The development of or an increase in focal discharges
after callosotomy is often associated with the appearance
or exacerbation of partial seizures. After hemispherec-
tomy there is usually a marked improvement in the EEG
over the intact hemisphere, which may parallel the often
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dramatic improvement in cognitive function that follows
this operation.

WHAT IS THE EFFECT OF
ANTIEPILEPTIC DRUGS?

In status epilepticus

In patients who are ventilated and paralyzed during
status epilepticus, the EEG may be the only indication of
whether treatment has succeeded or seizure activity is
continuing. It is also helpful as an aid to assessing depth
of anesthesia.

In symptomatic epilepsy in which there is continuous
epileptiform activity in the EEG and behavioral change,
it may not be apparent whether or not the patient is in
status epilepticus. It can be useful in this circumstance to
give an AED, usually intravenously, under EEG control.
If the behavior improves as the epileptiform activity sub-
sides, it is likely that the initial state was indeed status
epilepticus.

Is the dose high enough?

Although this is a commonly asked question, it is one
that EEG is poorly able to answer in most cases. Treating
the EEG, known as “EEG cosmetics,” is unhelpful. The
dose and type of AED should be determined clinically
and in rare cases supported by pharmacologic monitor-
ing. However, apparent exceptions to this general rule
are becoming recognized. Studies of transient cognitive
impairment (TCI) in children (20) suggest that cognitive
processes may be impaired during electrographic sei-
zures that are not clinically apparent. Suppressing these
epileptiform discharges may result in improved school
performance (21).

Are there side effects?

The EEG changes with quite modest doses of AEDs,
in most cases with increased fast activity, although car-
bamazepine may increase theta activity at therapeutic
doses. No qualitatively different effects occur with
monotherapy until frankly toxic doses are reached or
cerebral depression is induced, which is manifested by
slowing of the EEG. Similar changes are seen with poly-
pharmacy when individual drugs may still be within their
therapeutic ranges. The EEG can be useful in such situ-
ations for identifying toxic interactions.

Could they be stopped?

The risk that seizures will recur in treated patients
when treatment is withdrawn has been examined by sev-
eral authors. The risks are different in adults and children
and need to be considered separately. The medical, so-
cial, and occupational issues surrounding this issue in
both groups make it an extremely important one.

Tennison and colleagues (22) compared the use of
short or long periods of drug tapering before discontinu-
ation of AEDs in children. The risk for recurrence was
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40% during the follow-up period, averaging 39 months.
A number of secondary analyses were performed. These
showed the factors with greatest relative risk of seizure
recurrence to be mental retardation (3.1), EEG spikes at
start of taper period (1.9), and other abnormalities in
EEG at start of taper period (1.7). In a similar study (23),
the overall relapse rate was 37%. A scoring system was
devised using diagnosis (largest weighting factor), age at
onset and two different EEG abnormalities (generalized
spike-wave after 1 year of treatment; 3-Hz spike-wave
after 6 months of treatment). Children with high, me-
dium, and low scores had remission rates of 73%, 40%,
and 10% respectively.

Overweg and colleagues (24) studied AED withdrawal
in neurologically intact adult patients who were “seizure-
free.” A multivariate model with weak predictive power
was developed, but none of the factors involved EEG. In
particular, the development during AED withdrawal of
focal spike-wave discharges did not carry a poor prog-
nosis. The EEG was of use in revealing in the prewith-
drawal phase that some of the patients were not really
seizure-free. In the MRC study (25,26), a small contri-
bution (relative risk 1.3) to the final prognostic model
was made by the factor “abnormal EEG in previous
year.” This study included both adults and children.

Abnormalities present before and unchanged after
treatment are predictive of relapse (27). In partial epi-
lepsies (28), the de novo appearance of epileptiform EEG
activity during or over 3 years after AED withdrawal was
predictive of relapse in patients with secondarily gener-
alized seizures only.

In children, therefore, the EEG provides information
that may be of use in the treatment of individual cases. In
adults, estimates of the usefulness of EEG in predicting
relapse vary. The amount of epileptiform activity as such
is of little value, but the EEG is of value for identifying
syndromes with different outcomes.

CAN THE PATIENT...

Drive

Under United Kingdom legislation, a license to drive
an ordinary car is withdrawn after epilepsy or a single
seizure. The decision to reinstate the license depends
largely on the length of time since the last seizure. How-
ever, if the license has been lost because of epilepsy it
will not be reinstated if there is generalized spike-and-
wave activity in the EEG. Any seizure after the age of 5
years permanently disbars one from driving heavy goods
vehicles, passenger service vehicles, and racing and ral-
lying cars, and the EEG has no role in this decision.

Fly

Military aircrews in both the United Kingdom and the
United States undergo an EEG as part of general screen-
ing programs (5,6). In Europe, EEG testing of applicants
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for a commercial pilot’s license is now mandatory. The
presence of epileptiform activity precludes issue of a
license even if no clinical ictal phenomena have been
observed.

CONCLUSION

With all the recent enthusiasm for EBM, it is surpris-
ing and a little disappointing that there is so little EBM
literature on the subject of the EEG. There is a Cochrane
review group for epilepsy, but as yet it has not consid-
ered the uses of EEG as a topic in its own right. Medline,
for many people the first resource for scientific literature,
appears to misclassify articles of relevance to EEG even
when the title contains the word EEG. Both Cochrane
and Medline contain references to many thousands of
articles in which the effects of drugs on the EEG or the
EEG features of diseases are described. These articles do
not constitute evidence to support the use of EEG in the
sense in which EBM requires it. In the stringent financial
climate faced by medicine in many parts of the world,
this lack of evidence of usefuiness may be wrongly as-
sumed by some to mean that the EEG is not useful.

The EEG has many uses in epilepsy but may also be
abused. The situations in which the EEG can contribute
to the diagnosis of epilepsy are rare. Asking for an EEG
in this situation is therefore usually an abuse. One ex-
ception is a small group of patients with unexplained
episodic symptoms, in whom ictal recording by EEG
telemetry or ambulatory recording is crucial to the dif-
ferential diagnosis of epileptic and nonepileptic seizure
attacks. Once the diagnosis is established, however, the
EEG is probably the most important investigation in
helping to define the type of epilepsy, the prognosis, and
the initial approach to therapy. In partial seizures, EEG is
the investigation of first choice for localization and is an
important part of the work-up for the few patients who
come to epilepsy surgery.

In general, it is unhelpful to monitor the progress of
epilepsy with EEG unless there are unexpected, clini-
cally apparent changes. Nor does the EEG have a role in
the monitoring of AED efficacy, although it may help in
the investigation of suspected toxicity. In children, the
EEG may help to determine when it is safe to discontinue
AEDs. In adults, the EEG has a much lesser role in this
decision.

Assessing the usefulness of an EEG in a given situa-
tion is complicated and is best undertaken by those with
some understanding of the technology. Interpretation of
the EEG is possible only in the light of the clinical pic-
ture. The report that follows an EEG examination may be
complicated by the more difficult decisions touched on
in this review. For all reasons, it is essential that there is
close liaison between the referring clinicians and the
EEG department, both for individual tests and for train-
ing of junior staff.
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Predictors of Multiple Seizures in a Cohort
of Children Prospectively Followed from the
Time of Their First Unprovoked Seizure

Shlomo Shinnar, MD, PhD,*t%§ Anne T. Berg, PhD,! Christine O’Dell, RN, MSN,*{+ David Newstein, MS,*}
Solomon L. Moshe, MD,*t#% and W. Allen Hauser, MD$§

The objective of this study was to assess the risk of multiple recurrences after an initial seizure recurrence in childhood.
In a prospective study, 407 children were followed for a mean of 9.6 years from the time of their first unprovoked
seizure. Data regarding each seizure recurrence were obtained and analyzed using statistical methods for survival analysis.
The cumulative risk of a second seizure was 29%, 37%, 43%, and 46% at 1, 2, 5, and 10 years, respectively. Of the 182
children who experienced a second seizure, 131 (72%) experienced a third seizure, 105 (58%) have had 4 or more
seizures, and 52 (29%) have experienced 10 or more seizures. The cumulative risk of a third seizure was 57%, 63%, and
71% at 1, 2, and 5 years, respectively, after the second seizure. After a third seizure, the cumulative risk of another
seizure was 69%, 72%, and 81% at 1, 2, and 5 years, respectively. After a second seizure, factors associated with an
increased risk of additional recurrences included a remote symptomatic etiology (rate ratio = 1.7) and the occurrence of
a second seizure within 6 months of the first seizure (rate ratio = 1.7). After a second seizure, the risk of subsequent
seizures was greater than 50% even in the lowest risk group. With the exception of etiology, factors associated with an
increased risk of multiple recurrences after the initial seizure were different than those associated with multiple recur-
rences after a second seizure. Factors associated with multiple recurrent seizures may be different than those associated
with an initial recurrence. As most patients who experience a second seizure experience further seizures, these data
suggest that two seizures are a sufficient epidemiological criterion for the definition of epilepsy.

Shinnar S, Berg AT, O’Dell C, Newstein D, Moshe SL, Hauser WA. Predictors of multiple seizures in a cohort of
children prospectively followed from the time of their first unprovoked seizure. Ann Neurol 2000;48:140-147

Most children with a single unprovoked seizure do not
experience a recurrence.''® Only one study in a pri-
marily adult population has examined the risk of fur-
ther seizures after a second seizure."” The data from
the adult study suggest that a single seizure may be an
isolated event, but once two seizures have occurred, the
likelihood of further seizures is 70% or greater, and
one is thus dealing with a chronic process.'”'® We
have followed 407 children from the time of their first
unprovoked seizure. Details of the cohort and the risk
of seizure recurrence after the initial seizure have been
published previously."* This analysis focuses on the
risk of subsequent recurrences after an initial seizure
recurrence and risk factors for further recurrences in
this cohort.

Materials and Methods
Subjects

In a prospective cohort study, 407 children with a first un-
provoked seizure who were seen at Montefiore Medical Cen-
ter, Jacobi Medical Center, North Central Bronx Hospital,
or the private practices of the authors between October 1983
and August 1992 were enrolled and followed until Septem-
ber 1, 1998. Eligible candidates for the study were patients
aged 1 month to 19 years who presented with their first un-
provoked afebrile seizure. Details of the inclusion and exclu-
sion criteria for this cohort as well of the initial evaluation
have been reported previously."?

At the time of the initial visit, informed consent was ob-
tained from the parent and child. Details, including seizure
characteristics, duration, number of seizures in 24 hours, and
any treatment given, were collected. Additional information
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regarding prior provoked seizures, prior neurological insults,
birth history, and family history was also coded. A physical
and neurological examination was performed on all children.
Electroencephalograms (EEGs) were scheduled for all pa-
tients. Neuroimaging studies were performed when clinically
indicated. Etiology and seizure type were classified in accor-
dance with International League Against Epilepsy criteria.'® ™"

Follow-Up

After enrollment, subjects were followed by telephone inter-
views at least every 3 months for ascertainment of any seizure
recurrence. In those children with a recurrence, records of
any emergency medical care were reviewed and the children
were re-evaluated. A recurrence was defined as any unpro-
voked seizure occurring more than 24 hours after the first
seizure. The mean follow-up period was 9.6 years. Of the
407 subjects, 391 (96%) have been followed for more than 2
years and 372 (91%) for more than 5 years. The 16 subjects
followed less than 2 years include 1 patient who died and 15
lost to follow-up.

Analysis

As the length of the follow-up interval influences the prob-
ability of observing a recurrence, the statistical methods took
account of the variable length of follow-up for each
child.?'"%” Risks of a first, second, and ninth recurrence at 6
months and at 1, 2, 5, and 10 years after the initial seizure as
well as risks of a second, third, and ninth recurrence at 6
months and at 1, 2, 5, and 10 years after a first recurrence
(second seizure) were determined by the product-limit
method, and the results were displayed as Kaplan-Meier
curves. Ninety-five percent confidence intervals (Cls) for the
Kaplan-Meier estimates of recurrence risks were calculated at
1, 2, 5, and 10 years using an approximate Greenwood for-
mula for the SE.**%

The Cox proportional hazards model was used to obtain
crude and adjusted rate ratios for each independent variable
and for the multivariate analysis.?'**™>” To determine the
appropriateness of the proportional hazards assumption (ie,
constant rate ratio over time), a term was included for the
independent variable multiplied by the log of time (in years)
in each unadjusted analysis. Where there was evidence for
lack of proportionality over time based on either visual in-
spection of the log-(—log) survival plots or a test of time
dependence using the log of time, we examined cutoff points
at 3-month intervals during the first year and at 1 and 2
years as well as at later points if necessary to determine
whether there was an abrupt change in the rate ratio at one
point in time or whether the rate ratio changed continuously
over time. A single cutoff point was used unless the contin-
uous log representation provided a significantly better (p <
0.05) fit for the statistical model.?”

Results

Overall Recurrence Risk

Of the 407 subjects in the study, 182 (45%) have ex-
perienced a recurrence. The overall product-limit esti-
mate of recurrence was 22% at 6 months (95% CI:
18%, 26%), 29% at 1 year (95% CI: 25%, 33%),

37% at 2 years (95% CI: 33%, 42%), 43% at 5 years
(95% CI: 38%, 48%), and 46% at 10 years (95% CI:
41%, 51%) (Fig 1). The median time to recurrence
was 6.2 months (range, 0.03 months to 10.1 years).

Of those who experienced a second seizure, 131
(72%) experienced a third seizure, 105 (58%) experi-
enced 4 or more seizures, and 52 (29%) experienced
10 or more seizures (Table 1, Fig 2). The primary
analysis is the risk of another seizure after a second sei-
zure has occurred. We also analyzed the risk of three or
more seizures using only the data available at the time
of first seizure.

Risk of a Third Seizure after a Second Seizure

The 182 children who had a second seizure have been
followed for a mean of 8.4 years after their second sei-
zure (see Table 1). The risk of a third seizure was 57%,
63%, and 72% at 1, 2, and 5 years, respectively, after
the second seizure (see Fig 2). After a third seizure, the
cumulative risk of another seizure was 66%, 70%, and
81% at 1, 2, and 5 years, respectively.

UNIVARIATE ANALYSIS. Univariate analysis of factors
associated with a differential risk of subsequent recur-
rences after a second seizure (first recurrence) is shown
in Table 2. Remote symptomatic etiology (Fig 3) and
an interval of less than 6 months between the first and
second seizures were associated with an increased risk
of having a third seizure. The increased recurrence risk
associated with a remote symptomatic etiology is not
time-dependent and persists throughout the analysis
period. In contrast, an interval less than 6 months be-
tween the first and second seizures was associated with
an increased recurrence risk only during the first 3
months after the second seizure (relative risk [RR] =
2.99; 95% CI: 1.75, 5.12; p = 0.0001), after which it

Fig 1. Probability of seizure recurrences after a first unpro-
voked seizure (N = 407). Kaplan-Meier curves for cumula-
tive risk of a second (R1), third (R2), fourth (R3), and tenth
(R9) seizure in children who have had a first unprovoked
seizure calculated from the time of the first seizure.
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Table 1. Characteristics of Cohort of 407 Children Followed from Time of First Unprovoked Seizure

Cryptogenic/Idiopathic Remote Symptomatic

Overall Edology Etiology
No. of children 407 342 65
Mean age at first seizure (yr) 6.8 6.8 7.0
Mean follow-up after first seizure (yr) 9.6 9.6 9.7
Recurrent seizures 182 (45%) 135 (39%) 47 (72%)
Mean follow-up after second seizure (yr) 8.4 8.4 8.6
Total number of seizures to date
1 (no recurrences) 225 (55%) 207 (60%) 18 (28%)
2 (one recurrence) 51 (13%) 46 (13%) 5 (8%)
3 26 (6%) 18 (5%) 8 (12%)
4 13 (3%) 10 (3%) 3 (5%)
5 12 (3%) 10 (3%) 2 (3%)
6-9 28 (7%) 20 (6%) 8 (12%)
=10 52 (13%) 31 (10%) 21 (32%)
o 1.41; p = 0.51) or of multiple seizures as the present-
ing first seizure episode was also not associated with an
oal increased risk of subsequent recurrences.
R2/R1

Recurrence Risk

Time (years)

Fig 2. Probability of subsequent seizure recurrences after a
second seizure (first recurrence) (N = 182). Kaplan-Meier
curves for cumulative risk of a third (R2), fourth (R3), and
tenth (R9) seizure in children who have had two unprovoked
seizures calculated from the time of the second seizure.

no longer influenced recurrence risk (RR = 0.92; 95%
CIL: 0.53, 1.57; p = 0.002 for difference in the RRs).

Eighty (44%) of the 182 children were treated with
anti-epileptic drugs (AEDs) after the first recurrence.
On univariate analysis, treatment after the second sei-
zure (first recurrence) did not affect the risk of subse-
quent seizures. However, children with remote symp-
tomatic seizures were more likely to be treated after a
first recurrence (60%) than children with cryprogenic
first seizures (38%) (p = 0.01), as were children whose
first recurrence occurred within 6 months (56%) com-
pared with children whose first recurrence occurred af-
ter 6 months (33%) (p < 0.01).

An abnormal EEG (RR = 1.08; 95% CI: 0.81,
1.67; p = 0.41) and a seizure occurring while asleep
(RR = 0.86; 95% CI: 0.61, 1.23; p = 0.41), which
were associated with an increased recurrence risk after a
first seizure, were not associated with an increased risk
of further seizures after a second seizure. The occur-
rence of status epilepticus (RR = 0.84; 95% CI: 0.51,
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MULTIVARIATE  ANALYSIS. On  multivariate analysis
(Table 3), remote symptomatic etiology and an interval
less than 6 months between the first and second sei-
zures remain significant. After adjusting for etiology
and time to second seizure, treatment after the second
seizure is also highly significant and is associated with a
greater than 50% reduction in the risk of subsequent
seizures for the first 3 months. No other variables en-
tered the model.

Predictors of Multiple Recurrences afier a

Second Seizure

The univariate and multivariate analyses for the occur-
rence of a fourth and tenth seizure after a second sei-
zure has occurred are shown in Tables 2 and 3. Etiol-
ogy and an interval less than 6 months between the
first and second seizures have a similar association with
the risk of a fourth seizure as they did with the risk of
a third seizure. Treatment after the second seizure is
also important after adjusting for etiology, and the ef-
fect does not vary significantly over time (see Table 3).
In addition, a history of prior febrile seizures and hav-
ing multiple seizures in 1 day as the initial seizure have
a modest but statistically significant association with an
increased risk of a fourth seizure after a second seizure
(see Tables 2 and 3).

In predicting the occurrence of 10 or more seizures
after a second seizure, a remote symptomatic etiology
and an interval less than 6 months between the first
and second seizures are significantly associated with an
increased risk of having 10 or more seizures in both
univariate and multivariate analyses (see Tables 2 and
3). The effect of the interval of less than 6 months is
largely limited to the first year after the second seizure.



Table 2. Risk of Multiple Recurrences following a Second Seizure: Proportional Hazards Model (N = 182)

Risk of Third Seizure

Risk of Fourth Seizure Risk of Ten Seizures

(n = 131) (n = 105) (n = 52)
Rate Rate Rate

Risk Factor Ratio 95% CI ? Ratio 95% CI P Ratio 95% CI ?
Remote symptomatic etiology 1.69 (1.17,2.45) 0.005 1.65 (1.10,2.49) 0.02 2.20 (1.26,3.83) 0.005
Time to second seizure < 6 mo* 1.60* (1.14,2.26) 0.007 2.10* (1.42,3.10) 0.0002 2.10* (1.19,3.72) 0.01
Treatment after second seizure® 0.92* (0.65,1.29) 0.62 0.86 (0.59,1.27) 0.45 1.19 (0.69,2.05) 0.53
Abnormal electroencephalogram 1.08 (0.81,1.67) 0.41 1.13 (0.77,1.68) 0.53 0.90 (0.52,1.55) 0.70
Prior febrile seizures 1.32 (0.88,1.98) 0.17 1.60 (1.04,2.47) 0.04 1.42  (0.77,2.62) 0.26
Todd’s paresis 0.94 (0.51,1.74) 0.84 1.30 (0.69,2.42) 0.42 2.05 (0.97,4.36) 0.06
>1 seizure within 24 hr of the first 1.23 (0.82,1.83) 0.31 1.57 (1.02,2.40) 0.04 1.06 (0.56,2.03) 0.85

seizure

*Analysis is shown without effect of time-dependent covariates. Variables for which time-dependent covariates are significant are indicated, and
the effects of the time-dependent covariates on these variables are shown in the multivariable analysis in Table 3.
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Fig 3. Probability of subsequent seizure recurrences after a
second seizure in children with cryptogeniclidiopathic and re-
mote symptomatic seigures (N = 182). Kaplan-Meier curves.

Predictors of Multiple Recurrences at the Time of
Initial Seizure
A separate analysis of predictors of multiple recurrences
based on information available at the time of the first
seizure was performed (Tables 4 and 5). The Kaplan-
Meier curves illustrating the risk for multiple seizures
after the initial seizure are shown in Figure 1. As pre-
viously reported,”” remote symptomatic etiology, ab-
normal EEG, being asleep at the time of the first sei-
zure, a history of prior febrile seizures, and the
presence of a Todd’s paresis were all associated with an
increased risk of a second seizure in both univariate
and multivariate analyses. An analysis of the time de-
pendence of the effect showed that the influence of eti-
ology on recurrence risk, although present throughout,
was significantly stronger after the first 2 years (see Ta-
ble 5). There was no evidence that the strength of the
association with recurrence risk was time-dependent for
any of the other variables.

Not surprisingly, factors associated with a differential
risk of a second seizure are also associated with an in-
creased risk of a third seizure. Etiology and the EEG as
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well as a history of prior febrile seizures were signifi-
cant and independent predictors of the risk of a third
seizure at the time of the first seizure (see Tables 4 and
5). In predicting the risk of having 10 or more seizures
at the time of the first seizure, a remote symptomatic
etiology and the presence of a Todd’s paresis were the
only two significant predictors (see Tables 4 and 5).
There was no evidence of departure from proportion-
ality over time for any of the variables, including eti-
ology, in the analysis of predictors of 10 or more sei-
zures at the time of the first seizure.

Discussion

How Many Seizures Is Epilepsy?
After two seizures, the risk of subsequent seizures goes
up to 70% or more. Although factors such as etiology
and the interval between the first and second seizures
are associated with a differential risk of recurrence, the
recurrence risk is greater than 60% in all subgroups.
Furthermore, the risk of an additional seizure does not
substantially change after a third seizure. This supports
the epidemiological definition of epilepsy as two or
more unprovoked seizures.'® The overall recurrence
risk after a second seizure in this study is similar to that
recently reported in a largely adult population.'”
Although from an epidemiological standpoint, the
data justify requiring at least two seizures for the defi-
nition of epilepsy, this may not always be the case in
other settings. The risk of a seizure recurrence in a
child with a first seizure of remote symptomatic etiol-
ogy or cryptogenic/idiopathic etiology and an epilepti-
form EEG is quite comparable to the recurrence risk
after a second seizure.' Therefore, if one is designing
a drug trial for new-onset seizures, it may be quite ra-
tional to include children with one seizure and addi-
tional risk factors for recurrence.”® In particular, the
recurrence risk in this cohort in children with benign
Rolandic epilepsy, who all have a characteristic epilep-
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Table 3. Risk Factors for Subsequent Seizures after a Second Seizure: Multivariable Analysis Using Cox
Proportional Hazards Model®

Risk of Third Seizure Risk of Fourth Seizure Risk of Ten Seizures
(n = 131) (n = 105) (n = 52)
Rate Rate Rate

Risk Factor Ratio 95% CI ? Ratio 95% CI ? Ratio  95% CI ?
Remote symptomatic etiology 1.69 (1.16, 2.47) 0.007 1.74 (1.14,2.66) 0.01 2.13  (1.22,3.71) 0.008
Second seizure within 6+ mo

In first 3 months (12 mo for 10 seizures) 4.00 (2.28,7.00) <0.0001 5.07 (2.19,11.7) 0.0002 6.94 (1.56,30.7) 0.01

After 3 months (12 mo for 10 seizures) 0.86  (0.49,1.50) <0.0001® 1.92 (0.83,4.46) 0.05> 1.43 (0.32,6.33) 0.06°
Treatment after second seizure® — — — 0.56 (0.37,0.85) 0.006 — — —

First 3 mo 0.37 (0.22,0.63)  0.0003 — — — — —

After 3 mo 128 (0.75,2.18)  0.001° — — S — — —
>1 seizure within 24 hr of the first seizure — — — 1.73  (1.12,2.68) 0.01 — — —
Prior febrile seizures — — —_ 1.56 (1.00, 2.44) 0.05 — — —

“Effect of variable is best modeled with a time-dependent covariate.
PProbability value on interaction represented by time-dependent covariate. This indicates that the RR after 3 (or 12) months have passed after
the initial recurrence is significantly different from the RR before that time.

Table 4. Risk of Seizure Recurrences after a First Unprovoked Seizure: Proportional Hazards Model (N = 407)

Risk of Second Seizure Risk of Third Seizure Risk of Ten Seizures
(n = 182) (n = 131) (n = 52)
Rate Rate Rate
Risk Factor Ratio 95% CI p Ratio 95% CI ? Ratio 95% CI  p
Remote symptomatic etiology” 2.32% (1.67, 3.24) <0.0001 3.20 (2.22, 4.63) <0.001 4.04 (2.32,7.03) <0.0001
Abnormal electroencephalogram 2.16 (1.60,2.91) <0.0001 2.15 (1.51,3.05) <0.0001 1.72 (1.00,2.98) 0.05
Seizure while asleep 1.61 (1.20,2.17) 0.0002 1.37 (0.97,1.95) 0.07 1.28 (0.73,2.24) 0.38
Prior febrile seizures 1.54 (1.08,2.20) 0.02 1.79 (1.19,2.67) 0.005 1.92 (1.04,3.55) 0.04
Todd’s paresis 1.81 (1.08,3.03) 0.02 1.49 (0.81,2.77) 0.20 295 (1.39,6.27) 0.005
>1 seizure within 24 hr of the first 1.04 (0.73,1.47) 0.83 1.15 (0.76,1.72) 0.48 1.05 (0.55,2.01) 0.87
seizure

“Analysis is shown without effect of time-dependent covariates. The effect of remote symptomatic etiology is time-dependent. The effects of the
time-dependent covariate on this variable are shown in the multivariable analysis in Table 5.

Table 5. Risk Factors for Seizure Recurrences after a First Unprovoked Seizure: Multivariable Analysis Using Cox
Proportional Hazards Model

Risk of Second Seizure Risk of Third Seizure Risk of Ten Seizures
(n = 182) (n = 131) (n = 52)
Rate Rate Rate

Risk Factor Ratio 95% CI ? Ratio 95% CI Y. Ratio 95% CI ?
Remote symptomatic etiology® 2.64 (1.82,3.84) <0.0001 4.10 (2.35,7.15) <0.0001

First 24 mo 1.61* (1.11,2.34)  0.01

After 24 mo 4.00* (2.75,5.83)  0.03°
Abnormal electroencephalogram 1.95 (1.44, 2.64) <0.0001 1.93 (1.35,3.84)  0.0003
Prior febrile seizures 1.63 (1.13,2.33) 0.008 1.75 (1.17,2.63) 0.007
Seizure while asleep 1.41 (1.04,1.90) 0.03
Todd’s paresis 1.68 (1.00,2.82) 0.05 3.07 (1.44,6.53) 0.004

“Effect of variable is best modeled with a time-dependent covariate.
PProbability value on interaction represented by time-dependent covariate. This indicates that the RR after 3 (or 12) months have passed after
the initial recurrence is significantly different from the RR before that time.
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tiform EEG,* is quite similar after one seizure to the
recurrence risk after two seizures. Including such pa-
tients may make it easier to conduct placebo-controlled
trials.”

Predicting 10 or More Seizures

Another area of interest is early identification of pa-
tents who will go on to have many seizures. These
children would be candidates not only for early treat-
ment with AEDs but possibly for more aggressive early
intervention.”’ > Few children who present with a
first unprovoked seizure develop intractable epilepsy.
This is partly because the syndromes most likely to
progress to intractable epilepsy rarely present with a
single unprovoked seizure.>* If one examines the sub-
group with 10 or more seizures in this cohort, which
constitutes only 13% of the cohort, only remote symp-
tomatic etiology and early initial recurrence are associ-
ated with an increased risk of 10 or more seizures after
a second seizure. Remote symptomatic etiology is con-
sistently associated with a higher recurrence risk after a
first seizure,' 10713 with a higher risk of recurrence
after AED withdrawal in patients who are seizure-
free,”>*® with a lower probability of attaining remis-
sion, and with a higher risk of developing intracta-
ble epilepsy.”" It is also a risk factor in this population
for having many seizures, as 32% of the 65 children
with a remote symptomatic first seizure in this cohort
experienced 10 or more seizures compared with 9% of
children with a cryptogenic/idiopathic first seizure (p <
0.001).

After adjustment for etiology, treatment reduces re-
currence risk by half but only for the first 3 months.
The reduction of recurrence risk in this observational
study is comparable to the reduction reported in ran-
domized placebo-controlled treatment trials after a first
unprovoked seizure in children and adults.'*'> Those
studies did not analyze whether the effect is time-
dependent. A time-dependent effect for the efficacy of
AED treatment was also observed in the Medical Re-
search Council study of discontinuing AEDs in pa-
tients with epilepsy who were seizure-free for 2 or more
years.”® In that study, which randomized subjects to
either discontinue medications or remain on AEDs, the
recurrence risk was twice as high in those who discon-
tinued AEDs, but the increased risk only persisted for a
finite period of time, after which the 2 groups had sim-
ilar recurrence risks.*! In our observational study, treat-
ment did not influence the risk of having 10 or more
seizures. As the probability of a clinical decision to ini-
tiate AED therapy substantially increased with each re-
currence, this finding is somewhat difficult to interpret.
These findings are similar to those of the randomized
Ttalian study of treatment after a first seizure,*’ which
found no effect of delaying treatment on long-term
outcome in the sense that delaying treatment until at

37-39

least the third seizure did not affect long-term outcome
as measured by the risk of having 10 or more seizures.

The association between the time interval between
the first and second seizures is not surprising, as it may
reflect how aggressive the underlying process is. The
effect is time-dependent and transient. Inidal seizure
frequency, which is inversely related to the interval be-
tween seizures, has been associated with the probability
of attaining remission in patients with childhood-onset
epilepsy.””*?

Factors such as a Todd’s paresis, prior febrile sei-
zures, and the occurrence of multiple seizures within
24 hours are of marginal significance in the overall
analysis, although they may contribute to some of the
multiple analyses performed. In contrast to a recent ab-
stract suggesting that the occurrence of multiple sei-
zures in 1 day is associated with a worse prognosis,*?
these data support the International League Against
Epilepsy position'® and other reports"*>*>%* " that
multdiple seizures in a 24-hour interval have the same
prognostic significance as a single isolated seizure.

When Is Treatment with AEDs Indicated?

In general, the decision to initiate AED therapy is
based on weighing the relative risks of further seizures
versus the risks of AED therapy.*> Given the high risk
of recurrent seizures, most adult neurologists initiate
treatment after a second seizure.'” In children, in ad-
dition to the recurrence risks, treatment decisions
should take account of whether the seizures are part of
a benign self-limited syndrome such as benign Rolan-
dic epilepsy as well as seizure frequency and dura-
tion.* % The authors often do not treat otherwise
normal children with infrequent brief seizures even af-
ter two or three seizures have occurred.*>*® Data from
randomized clinical trials of children and adults who
present with a first unprovoked seizure have shown
that AED therapy reduces the risk of seizure recurrence
by approximately half.'®'> Early treatment does not af-
fect the probability of attaining long-term remission,
however.*! Our data further suggest that the effect on
recurrence may be of relatively limited duration. Stud-
ies in developing countries, where treatment delays
were due to the unavailability of AEDs, have shown no
difference in response rate in those with many prior
seizures compared with new-onset patients.48’49 In gen-
eral, the prognosis seems to be a function of the spe-
cific epilepsy syndrome. AED therapy suppresses sei-
zures but does not alter the underlying course of the
illness.*”>>°>2 The decision to treat should therefore
be made on the grounds that the patient has had a
sufficient number of events to justify therapy and not
with the hope of somehow preventing the development
of “chronic” epilepsy.”® Although the probability of a
seizure recurrence seems to be the same in children and

adults, the relative risks and benefits of AED therapy,
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which take account of not only the statistical probabil-
ity of further seizures but also the possible conse-
quences of another seizure and the potential adverse
effects of AED therapy, are quite different in children
than in adults.*>*>*

Conclusions

Most children who experience two seizures experience
further seizures. Thus, the definition of epilepsy as two
or more unprovoked seizures occurring more than 24
hours apart is appropriate for epidemiological studies.
Etiology is the most important factor influencing long-
term prognosis in this group of children. Treatment
decisions in these children need to be individualized
based on the statistical recurrence risk and the relative
risks of both seizures and AED therapy.
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The Risk of Seizure Recurrence After a First Unprovoked Afebrile Seizure
in Childhood: An Extended Follow-up

Shlomo Shinnar, MD, PhD*{{**; Anne T. Berg, PhD#; Solomon L. Moshe, MD*1§1;
Christine O'Dell, RN, MSN¥|{; Marta Alemany*{; David Newstein, MS*{; Harriet Kang, MD*1J;
Eli S. Goldensohn, MD*{[; and W. Allen Hauser, MD**

ABSTRACT. Objective. To assess the long-term recur-

rence risks after a first unprovoked seizure in childhood.

Methods. In a prospective study, 407 children who
presented with a first unprovoked seizure were then
followed for a mean of 6.3 years from the time of first
seizure.

Results. One hundred seventy-one children (42%) ex-
perienced subsequent seizures. The cumulative risk of
seizure recurrence was 29%, 37%, 42%, and 44% at 1, 2, 5,
and 8 years, respectively. The median time to recurrence
was 5.7 months, with 53% of recurrences occurring
within 6 months, 69% within 1 year, and 88% within 2
years. Only 5 recurrences (3%) occurred after 5 years. On
multivariable analysis, risk factors for seizure recurrence
included a remote symptomatic etiology, an abnormal
electroencephalogram (EEG), a seizure occurring while
asleep, a history of prior febrile seizures, and Todd’s
paresis. In cryptogenic cases, the risk factors were an
abnormal EEG and an initial seizure during sleep. In
remote symptomatic cases, risk factors were a history of
prior febrile seizures and age of onset younger than 3
years. Risk factors for late recurrences (after 2 years) were
etiology, an abnormal EEG, and prior febrile seizures in
the overall group and an abnormal EEG in the crypto-
genic group. These are similar to the risk factors for early
recurrence.

Conclusions. The majority of children with a first
unprovoked seizure will not have recurrences. Children
with cryptogenic first seizures and a normal EEG whose
initial seizure occurs while awake have a particularly
favorable prognosis, with a 5-year recurrence risk of only
21%. Late recurrences do occur but are uncommon.
Pediatrics 1996;98:216-225; seizure, epilepsy, prognosis,
status epilepticus, electroencephalography.

ABBREVIATIONS. AED, antiepileptic drug; EEG, electroenceph-
alogram; Cl, confidence interval.

Knowledge of the natural history after a single
unprovoked seizure and the risk factors for recur-
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rence is a necessary prerequisite for making rational
decisions regarding long-term treatment with anti-
epileptic drugs (AEDs). The reported risks of recur-
rence after a first unprovoked seizure in studies that
included adults and/or children vary from 27% to
71%.'"'7 A recent meta-analysis has shown that many
of the differences can be attributed to differences in
methods and the distribution of important risk fac-
tors in the different populations studied.? All but one
of these studies’” have reported only short-term fol-
low-ups of 2 to 4 years or less. Therefore, little data is
available on the long-term recurrence risks and prog-
nosis of these children. In a previous article,! we
reported on the short-term outcomes of a cohort of
283 children prospectively followed from the time of
their first seizures for a mean of 2.5 years. We now
report the long-term outcomes of this cohort, which
has been expanded to 407 children and followed for
a mean of 6.3 years.

METHODS
Children

In a prospective cohort study, 407 children with a first unpro-
voked afebrile seizure seen at Montefiore Medical Center, Bronx
Municipal Hospital Center, North Central Bronx Hospital, or the
private practices of the authors between October 1983 and August
1992 were enrolled and followed.

Eligible candidates for the study were children 1 month to 19
years of age who presented with their first unprovoked afebrile
seizures. Consistent with current guidelines and previous epide-
miologic work, children with a cluster of seizures all of which
occurred within 24 hours were considered to have had one seizure
and were included. Also included were children with status epi-
lepticus (defined as a seizure lasting more than 30 minutes or as a
series of seizures without regaining consciousness lasting more
than 30 minutes'®2!). Children with prior neonatal seizures, fe-
brile convulsions, immediate posttraumatic seizures, or other pro-
voked seizures who now presented with first unprovoked sei-
zures were also included.!®®? Details of the inclusion and
exclusion criteria for this cohort have been previously reported.!

Children identified in the emergency departments at the time of
their first seizure who had seizure recurrences in the interval
before being seen by the investigators for the specific purposes of
the study were included and considered as having recurrences.
Excluded were children who presented with typical absence sei-
zures, myoclonic seizures, and infantile spasms, as well as those
who presented with their first generalized tonic-clonic seizure but
were found to have had prior absence, myoclonic, or partial
seizures.

A seizure was considered unprovoked when there was no
identifiable proximate insult (eg, fever or head trauma) that could
account for it.® A seizure was classified as remote symptomatic if
the child had static encephalopathy from birth and/or had sus-
tained a prior neurological insult, such as a stroke or significant
head trauma (associated with a depressed skull fracture, loss of
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consciousness for more than 30 minutes, or intracranial bleed-
ing).""?! In the initial report,’ all other unprovoked seizures were
considered idiopathic. In the newly proposed Cclassification
scheme of the International League Against Epilepsy, the term
cryptogenic is used for seizures we and others!>¢71%1%19 previously
called idiopathic, and idiopathic is reserved for the genetic epi-
lepsies.”! The terminology in this report conforms with the new
classification. To be consistent with our prior work and the fact
that these cases were classified prospectively, all cases that were
not remote symptomatic were considered cryptogenic. This still
conforms with the new classification, because idiopathic is now
considered a subgroup of cryptogenic. We did not further subdi-
vide the cryptogenic group.

The seizures were classified as cryptogenic or remote symp-
tomatic at entry to the study using only the results of the initial
diagnostic work-up. No information from the follow-up was used
to reclassify etiology, because additional diagnostic information
would be more available in those with recurrences who, therefore,
would have had more testing done. Also, to have predictive value
at the time of the initial seizure, the classification must be based on
information available at that time. A history of birth trauma, a
difficult perinatal course, neonatal or other provoked seizures, or
mild head trauma in a neurologically healthy child did not pre-
clude the diagnosis of a cryptogenic seizure.""*' A family history
of seizures was defined as a history of one or more unprovoked
seizures in a first-degree relative. Seizures were classified as gen-
eralized tonic or tonic-clonic, atypical absence, atonic, simple par-
tial, complex partial, or partial with secondary generalization, in
accordance with the revised international classification of sei-
zures."®

At the time of the initial visit, informed consent was obtained
from the parent, and assent from the child was obtained when
appropriate. Details were collected about the exact nature of the
seizure, including seizure characteristics, duration, number of sei-
zures in 24 hours, and any treatment given. Additional history
regarding prior provoked seizures, prior neurologic insults, birth
history, and family history of seizures was also coded. A physical
and neurologic examination was performed on all children. Elec-
troencephalograms (EEGs) were scheduled for all patients. Fur-
ther laboratory examinations such as computed tomography or
magnetic resonance imaging were performed when clinically in-
dicated.

Electroencephalography

EEGs were obtained for 383 (94%) of the 407 children. More
than 90% of the EEGs were interictal, obtained more than 48 hours
after the seizures. The remainder were obtained within 48 hours
after the seizures. When feasible, EEGs were obtained when the
children were both awake and asleep. In many younger children
and in some older, neurologically impaired children, only sedated
sleep records could be obtained. All EEGs were interpreted by at
least one of the authors (ES.G., HK, and S.L.M.), who were
blinded to the outcome. EEGs were classified as normal or abnor-
mal. Specific epileptiform abnormalities (focal spikes, multifocal
spikes, centrotemporal spikes, a generalized spike and wave, and
a photoconvulsive response) as well as focal and generalized
slowing were coded separately. EEG findings on the first 347
children have been previously reported.”

Follow-up

After enrollment, the children were followed by telephone
interviews at least every 3 months for ascertainment of any seizure
recurrence. Formal neurologic assessments were done when clin-
ically indicated. Because seizures in this population rarely occur in
the physician’s office, ascertainment of seizure recurrence is done
by history. Therefore, telephone ascertainment should be as reli-
able as information obtained by direct contact in clinical follow-
up. The majority of children had several clinic follow-ups as well.
In those children with recurrences, records of any emergency
medical care were reviewed, and the children were seen for re-
evaluation. A recurrence was defined as any unprovoked seizure
occurring more than 24 hours after the first seizure. Febrile sei-
zures occurring after the initial unprovoked seizure were noted
but classified as provoked scizures rather than recurrences.

Analysis

Because the length of follow-up influences the probability of
observing a recurrence, the statistical methods of analysis took
into account the variable length of follow-up for each child.?*%
Univariate analyses for dichotomous variables were performed
using Kaplan-Meier survival analysis,>*%232? and statistical signif-
icance was calculated from the Cox model.*? Results are dis-
played as Kaplan-Meier survival curves, with the cumulative
probability of seizure recurrence plotted as a function of time from
the first seizure. Ninety-five percent confidence intervals (CIs) for
the Kaplan-Meier estimates of recurrence risks were calculated at
2,5, and 8 years using an approximate Greenwood formula for the
SE.?% Continuous variables were examined using t tests. The Cox
proportional hazards model was used to obtain crude and ad-
justed rate ratios for each independent variable.® > All P values
are two tailed.

RESULTS

The study group included 234 (57%) boys and 173
(43%) girls. The predominantly inner-city minority
population was representative of the mixture of pa-
tients seen at our institutions. It consisted of 155
(38%) Hispanic children, 114 (28%) white children,
120 (29%) black children, and 18 (4%) children of
other ethnic origins. The mean age at the time of first
seizure was 6.8 years.

The mean follow-up period was 6.3 (range, 0.1 to
10.8) years. Of the 407 children, 388 (95%) have been
followed for more than 2 years, 324 (80%) for more
than 4 years, 232 (57%) for more than 6 years, and 129
(32%) for more than 8 years. To date, 41 children
(10%) have been lost to follow-up after observation
periods of 9.1 to 7.1 (mean, 3.4) years.

Overall Recurrence Risk

Of the 407 children in the study, 171 (42%) had
recurrences by January 1, 1995. The mean time to
recurrence was 11.3 (median, 5.7) months. The risk of
recurrence was greatest in the first few months after
the first seizure: 36 (21%) of the 171 recurrences
occurred in the first month, 92 (53%) within 6
months, and 150 (88%) within 2 years of the initial
seizure. Only 5 (3%) had their first recurrences more
than 5 years after the initial seizure. The overall
Kaplan-Meier estimate of recurrence was 22% at 6
months (95% CI, 18% to 26%), 29% at 1 year (95% CI,
25% to 33%), 37% at 2 years (95% Cl, 32% to 42%),
42% at 5 years (95% CI, 37% to 47%), and 44% at 8
years (95% CI, 39% to 49%) (Fig 1).

Predictors of Recurrence

In the overall study group, significant predictors of
recurrence in the overall group included etiology,
EEG, whether the seizure occurred while awake or
asleep, seizure type (partial versus generalized), a
history of prior febrile convulsions, presence of
Todd's paresis, and a family history of seizures to-
gether with an abnormal EEG (Table 1). In the cryp-
togenic group (n = 342), an abnormal EEG, a seizure
occurring while asleep, Todd’s paresis, and age were
significant predictors of seizure recurrence. A family
history of seizures was also important but only in
cryptogenic children who also had an abnormal
EEG. In the remote symptomatic group (n = 65), a
history of prior febrile seizures and age of onset
younger than than 3 years were associated with an
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Fig 1. Probability of seizure recurrence after a first unprovoked
seizure (n = 407): Kaplan-Meier curve.

additional increased risk of recurrence (Table 1). The
duration of the initial seizure, including status epi-
lepticus, and the number of seizures in the 24 hours
following the initial episode did not affect the risk of
recurrence. Individual risk factors are presented in
detail below.

Etiology of Seizures

Individuals with remote symptomatic first sei-
zures had a higher recurrence risk than those with a
cryptogenic first seizure. Forty-four (68%) of the 65
children with remote symptomatic first seizures had
recurrences, compared with 127 (37%) of the 342
children with cryptogenic first seizures. For the re-
mote symptomatic group, the Kaplan-Meier risks of
recurrence were 57% (95% CI, 45% to 70%) and 66%
(95% Cl, 54% to 78%) at 2 and 5 years, respectively,
compared with recurrence risks of 33% (95% CI, 28%
to 38%) and 37% (95% CI, 32% to 43%), respectively,
in the cryptogenic group (P < .0001; Fig 2).

EEG

In children with a cryptogenic first seizure, the
EEG was the most important predictor of outcome
(Table 1). An epileptiform EEG was associated with a
higher recurrence risk than a nonepileptiform EEG,
although focal slowing was also associated with a
high risk of recurrence. The Kaplan-Meier estimates
of the risk of recurrence were 52% (95% CI, 45% to
60%) and 59% (95% CI, 51% to 67%) at 2 and 5 years,
respectively, in children with an abnormal EEG,
compared with recurrence risks of 28% (95% CI, 22%
to 35%) and 32% (95% CI, 25% to 38%), respectively,
in those with normal EEGs (P < .0001). The recur-
rence risks for children with normal EEGs and with
nonepileptiform and epileptiform EEG abnormalities
are shown in Fig 3. The recurrence risk in the 100
children with cryptogenic first seizures and epilepti-
form abnormalities on EEG was independent of the
type of epileptiform abnormality. Recurrent seizures
occurred in 60% of these children, including 57% of
the 37 children with centrotemporal spikes on their
EEGs, 60% of the 33 children with other focal epilep-
tiform abnormalities on their EEGs, and 67% of the
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30 children whose EEGs showed generalized spike
and wave abnormalities.

Abnormal EEGs were more common in children
with remote symptomatic first seizures (60%) than in
those with cryptogenic first seizures (40%; P = .003).
However an abnormal EEG was not associated with
a differential risk of seizure recurrence in the remote
symptomatic group (Table 1).

Abnormal EEGs were strongly associated with
age. In children younger than 3 years, 18 (17%) of 104
children had an abnormal EEG, compared with 148
(53%) of 279 children older than 3 years. This was
true for both the cryptogenic and remote symptom-
atic groups.

Sleep State at Time of First Seizure

Information on sleep state was available in 404
patients (99%). The onset of the first seizure occurred
during the awake state in 271 (67%) and during sleep
in 133 (33%). Those that occurred in sleep were as-
sociated with recurrence risks of 50% (95% CI, 41% to
58%) and 53% (95% CI, 45% to 62%) at 2 and 5 years,
respectively, compared with 31% (95% CI, 25% to
36%) and 36% (95% CI, 30% to 42%) in those that
occurred while the children were awake (P < .001;
Table 1). A seizure occurring during sleep was asso-
ciated with an increased recurrence risk whether it
occurred during a daytime nap or at night. In con-
trast, whether the initial seizure occurred during the
day (8 aM to midnight) or night (midnight to 8 am)
was not associated with a differential risk of recur-
rence (Table 1).

An association between sleep state and recurrence
risk was present in the cryptogenic but not in the
remote symptomatic group (Table 1). In the crypto-
genic group, the occurrence of the first seizure in
sleep was associated with a higher recurrence risk
both in children with normal EEGs and those with
abnormal EEGs (Fig 4). There was a strong associa-
tion between the occurrence of a first seizure during
sleep and an abnormal EEG. In the 50 children who
had their first seizure while asleep and who had an
abnormal EEG, the recurrence risks at 2 and 5 years
were 63% (95% Cl, 47% to 76%) and 65% (95% (I,
52% to 79%), respectively (Fig 4). The onset of a first
seizure during sleep in children with cryptogenic
first seizures and abnormal EEGs was associated
with similar recurrence risks in the 21 such children
with centrotemporal spikes on their EEGs, 15 (71%)
of whom had recurrences, and the 29 such children
with other EEG abnormalities, 17 (59%) of whom had
recurrences. The 136 children with cryptogenic first
seizures, normal EEGs, and first seizures that oc-
curred while awake had particularly low recurrence
risks of 19% (95% ClI, 12% to 25%) and 21% (95% (],
14% to 28%) at 2 and 5 years, respectively. In those
children who did have seizure recurrences, the re-
currences occurred in the same sleep state in 72% of
the cases (P < .001).

Family History of Unprovoked Seizures

There were family histories of unprovoked sei-
zures in first-degree relatives in 48 (14%) of the 342
children with cryptogenic first seizures for whom



TABLE 1. Risk Factors for Recurrence

Risk Factor

Proportionate Hazards Model

Overall Cryptogenic Remote Symptomatic
(n = 407) (n = 342) (n = 65)
Rate Ratio  95% CI* P Rate Ratio  95% CI P Rate Ratio  95% CI P
Remote symptomatic etiology 22 1.6-3.1  <.0001 s s e e e
Abnormal EEG*t 23 1.7-32  <.0001 2.6 1.8-3.7  <.0001 1.1 0.6-2.0 78
Seizure while asleep 17 12-23  <.0001 19 1327  <.0005 1.1 0.6-2.0 .80
Family history of seizures 27 1.5-4.9 .001 3.5 19-6.6  <.0001 0.6 0147 .66
and abnormal EEG
Partial seizure 1.4 1.0-1.9 <.04 13 0.9-1.9 .14 12 0.6-2.1 .64
Prior febrile seizures 1.6 1123 <.02 1.3 0.8-2.0 31 2.7 14-53 .003
Todd’s paresis 1.9 1.1-32 <.02 2.1 12-38 <02 13 0.5-3.6 .63
Age =3y 0.8 0.5-1.1 14 0.6 0.4-0.9 .02 2.8 14-54 <.003
Status epilepticus 1.3 0.9-2.1 19 1.2 0.7-2.0 A48 1.6 0.7-3.5 .24
>1 seizure in 24 h 1.1 0.7-1.5 72 1.2 0.8-1.8 43 0.8 04-18 .63
Family history of seizures 0.9 0.6-1.5 76 1.2 0.7-1.9 .55 0.2 0.03-1.7 .16
Treatment >14 d 1.0 0.7-1.5 97 0.7 0.4-1.3 .30 1.3 0.7-2.6 .39
Time of day (midnight-8 am) 1.1 0.8-1.7 53 1.1 0.7-1.7 74 1.2 0.6-2.5 .66
* (I indicates confidence interval.
1 EEG indicates electroencephalogram.
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Fig 2. Probability of seizure recurrence after cryptogenic and re-
mote symptomatic first seizures (n = 407): Kaplan-Meier curve.

family histories were available and in 4 (6%) of the 65
children with remote symptomatic first seizures.
Overall there was no increased recurrence risk
among those with family histories of seizures (Table
1). For the group with cryptogenic first seizures and
abnormal EEGs, a family history of unprovoked sei-
zures in a first-degree relative was associated with an
increased risk of recurrence (P < .001; Table 1).

Seizure Classification

There was sufficient information to classify the
initial seizure in accordance with the international
classification!® in all cases. Because of study entry
criteria, children who had typical absence and myo-
clonic seizures are not represented in the study
group, because they virtually never come to medical
attention at the time of their first episodes. In the
overall group, partial seizures were associated with a
higher risk of recurrence (Table 1). However, partial
seizures were more common in the remote symp-
tomatic group than in the cryptogenic group (P =
.012). In the cryptogenic group, partial seizures were
more common in children with abnormal EEGs than

Time {months)

Fig 3. Probability of seizure recurrence after a cryptogenic first
seizure as a function of the electroencephalogram (n = 320):
Kaplan-Meier curve.

in children with normal EEGs (P < .001). Once the
effect of etiology and EEG are controlled for, partial
seizures were not associated with a differential re-
currence risk (Table 1).

Todd’s Paresis

Twenty six (6%) children had Todd’s paresis fol-
lowing their initial seizure. Seizures recurred in 16
(61%) of the children with Todd’s paresis, including
12 (57%) of 21 children with cryptogenic first sei-
zures and 4 (80%) of 5 children with remote symp-
tomatic first seizures. The presence of Todd'’s paresis
was associated with a statistically significant in-
creased risk of recurrence in the overall group (P <
.02) and the cryptogenic group (P < .02; Table 1).

Prior Febrile Convulsions

Overall there was an association between a history
of prior febrile seizures and recurrence (Table 1).
Thirty-five (54%) of the 65 children with prior histo-
ries of febrile seizures had recurrences, compared
with 134 (39%) of the 340 children with no prior
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Fig 4. Probability of seizure recurrence after a cryptogenic first
seizure as a function of sleep state and the electroencephalogram
(n = 319): Kaplan-Meier curve.

febrile seizures (P = .017). The recurrence risk for
those with prior febrile seizures was 45% (95% CI
33%,57), and 52% (95% ClI, 39% to 64%) at 2 and 5
years compared with 35% (95% CI, 30% to 40) and
40% (95% CI, 34% to 45%) in those with no prior
febrile seizures (P < .02).

The association of prior febrile seizures and sei-
zure recurrence was limited to the remote symptom-
atic group. In the cryptogenic group, the recurrence
risks for those with prior febrile seizures were 35%
(95% CI, 22% to 48%) and 41% (95% CI, 28% to 55%)
at 2 and 5 years, respectively, compared with 33%
(95% Cl, 28% to 38%) and 37% (95% Cl, 31% to 42%)
in those with no prior febrile seizures (P = .31; Fig 5,
A). In children with remote symptomatic first sei-
zures, however, a history of prior febrile seizures
was a significant risk factor for recurrence (Table 1
and Fig 5, B). The recurrence risks in the 13 remote
symptomatic cases with prior febrile seizures were
85% (95% CI, 65% to 100%), and 92% (95% CI, 78% to
100%) at 2 and 5 years, respectively, compared with
48% (95% CI, 34% to 62%) and 57% (95% CI, 43% to
71%) in the 50 cases with no prior febrile sejzures
(P < .005).

Age at First Seizure

The mean age at the time of first seizure was 6.8
years. There were 109 (27%) children younger than 3
years, 298 (46%) between 3 and 10 years, and 109
(27%) 10 years or older at the time of their first
seizures. In the overall group, there was no relation-
ship between age at first seizure, whether analyzed
as a continuous or discrete variable, and the risk of
recurrence (Table 1). However, there was a differen-
tial effect of age in the cryptogenic and remote symp-
tomatic subgroups (Fig 6, A and B). In the crypto-
genic group, those younger than 3 years had the
lowest recurrence risk compared with older children
(P < .03; Table 1 and Fig 6, A), whereas in the remote
symptomatic group, those younger than 3 years had
the highest recurrence risk (P < .01). It should be
noted that in the cryptogenic group, those younger
than 3 years have the lowest rate of abnormal EEGs.
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Fig 5. Probability of seizure recurrence after a first unprovoked
seizure as a function of prior febrile seizure, Kaplan-Meier curve:
A, cryptogenic cases (n = 342); B, remote symptomatic cases (n =
63).

Status Epilepticus

The occurrence of status epilepticus as the first
seizure did not influence the recurrence risk. Forty
eight children (12%; 38 cryptogenic and 10 remote
symptomatic) presented with status epilepticus (du-
ration, >30 minutes) as their first unprovoked sei-
zure. None had new neurologic deficits after the
episodes of status epilepticus. To date, 24 (50%) have
had seizure recurrences, including 16 (42%) crypto-
genic and 8 (80%) remote symptomatic cases. Initial
presentation with status epilepticus was not a risk
factor for seizure recurrence (Table 1). For the cryp-
togenic group, the Kaplan-Meier risks of recurrence
were 38% (95% CI, 22% to 53%) and 45% (95% CI,
28% to 61%) at 2 and 5 years, respectively, in children
who presented with status epilepticus, compared
with recurrence risks of 33% (95% ClI, 27% to 38%)
and 36% (95% CI, 31% to 42%), respectively, in those
who presented with brief initial seizures (P = .47).

Of the 24 children with initial episodes of status
epilepticus who had a seizure recurrence, 5 (21%)
had recurrences with status epilepticus. Of the 147
children who presented with initial brief seizures
and had seizure recurrences, only 2 (1%) had recur-
rences with status epilepticus (P < .001). Overall, of
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Fig 6. Probability of seizure recurrence after a first unprovoked
seizure as a function of age at first seizure: Kaplan-Meier curve. A,
cryptogenic cases (n = 342); B, remote symptomatic cases (n = 65).

the 171 children with recurrent seizures, only 7 (4%)
had recurrences with status epilepticus.

Number of Seizures in 24 Hours

Among the 407 children in the study, 94 (23%) had
more than one seizure within 24 hours as their initial
episode. The 41% recurrence risk in this group is not
significantly different than the 42% recurrence risk in
the group who presented with one seizure. The re-
currence risks in those who presented with multiple
seizures were 40% (95% ClI, 30% to 50%) and 42%

TABLE 2.

(95% CI, 31% to 52%) at 2 and 5 years, respectively,
compared with 36% (95% CI, 31% to 42%) and 42%
(95% CI 36% to 47%), respectively, in those who
presented with an isolated initial seizure.

Treatment

Eighty-six percent of the children were either not
treated at all with AEDs after the initial seizures or
were treated for less than 2 weeks. Of those with
cryptogenic first seizures, 87% were not treated or
were treated for less than 2 weeks. Thirty-two chil-
dren (8%) were treated for more than 3 months, often
after early seizure recurrences. Even children with
perceived risk factors for recurrence, such as an ab-
normal EEG, remote symptomatic etiology, or status
epilepticus, were usually not treated with long-term
antiepileptic drug therapy. In this observational
study, there were no differences in recurrence rates
between treated and untreated children (Table 1).

Multivariable Analysis

A multivariable analysis was performed using a
proportionate hazards model (Table 2). Variables
with statistically significant associations with recur-
rence risk in the univariate analyses (Table 1) were
included in the model. Separate models were created
for the overall group as well as for the cryptogenic
and remote symptomatic groups.

In the overall cohort, an abnormal EEG, remote
symptomatic etiology, prior febrile seizures, Todd’s
paresis, and onset of the initial seizure in sleep re-
mained in the model. Partial seizures and family
history even in association with an abnormal EEG,
did not. In the cryptogenic group, only the EEG and
sleep state at onset were associated with recurrence
risk. In the remote symptomatic group, a history of
prior febrile seizures and a first seizure at younger
than 3 years were significant independent predictors
of recurrence.

Late Recurrences

Of the 171 recurrences, 149 (88%) occurred within
2 years of the initial seizures, and 167 (98%) occurred
within 5 years. Twenty-two (9%) of the 242 children
who were seizure free for 2 years after the initial
seizure had seizure recurrences, including 15 (7%) of
216 cryptogenic cases and 7 (27%) of 26 remote
symptomatic cases (P = .004). In the 242 children

Risk Factors for Recurrence: Multivariable Analysis Using Cox Proportional Hazards Model

Risk Factor

Proportionate Hazards Model

Rate Ratio 95% Confidence Interval p

Overall group (n = 407)

Abnormal electroencephalogram 2.1 1.6-3.0 <.001

Remote symptomatic etiology 1.7 12-24 .006

Prior febrile seizures 1.6 1.1-2.3 019

Todd’s paresis 1.7 1.0-2.9 038

Seizure while asleep 1.5 1.1-2.1 -008
Cryptogenic cases (n = 342)

Abnormal electroencephalogram 2.5 1.7-3.6 <.0001

Seizure while asleep 1.7 1.2-25 <.003
Remote symptomatic cases (n = 65)

Prior febrile seizures 2.3 1.2-4.5 <.02

Age =3y 24 1.2-4.9 <.02
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who were seizure free for 2 years after the initial
seizure, the risks of late recurrence were 5% (95% ClI,
2% to 7%), 8% (95% CI, 4% to 11%), and 10% (95% CI,
6% to 14%) at 3, 5, and 8 years, respectively, after the
initial seizures. The risks of late recurrence were 6%
95% CI, 3% to 9%) and 8% (95% CI, 4% to 12%) at 5
and 8 years, respectively, in the 216 children with
cryptogenic first seizures, compared with 20% (95%
Cl, 4% to 36%) and 31% (95% CI, 11% to 50%) at 5
and 8 years, respectively, in the 26 children with
remote symptomatic first seizures (P = .0004).

Factors associated with late recurrence are shown
in Tables 3 and 4. The variables predicting late re-
currence are the same as those predicting early re-
currence and have very similar rate ratios, except
that sleep state is no longer predictive. Because of the
small number of children and late recurrences (n = 7)
in the remote symptomatic group, an analysis of risk
factors was not feasible in this group. Multivariable
analysis of late recurrences (Table 4) also shows a
pattern similar to that seen in the overall multivari-
able analysis.

For the 164 children who met the more stringent
criterion of being seizure free 5 years after the initial
seizure, the risks of a late recurrence were 1.2% (95%
Cl, 0.0% to 3.0%), 2.0% (95% CI, 0.0% to 4.3%), and
29% (95% Cl, 0.1% to 5.7%) at 6, 7, and 8 years,
respectively, after the initial seizure. Because only 5
children had recurrences more than 5 years after the
initial seizure, one cannot do a meaningful analysis
of risk factors for very late recurrences.

DISCUSSION

In this prospective study of children identified at
the time of their first unprovoked seizure, the risk of
recurrence after 8 years of follow-up is less than 50%.
This risk is very similar to those reported in the three
other prospective studies, primarily in adults.®”*!> It
is also similar to the recurrence risk in the untreated
group in a recent randomized, multicenter Italian
study if one excludes those with suspected prior
seizures, a group that was excluded from our
study.'” The above four studies,*”*!>17 like ours, re-
cruited patients directly from the emergency depart-
ment and carefully excluded those with histories of
prior seizures. Studies using different methods for
identifying and recruiting patients have reported
much higher recurrence risks.>*!%!" The methodolog-

TABLE 3. Risk Factors for Late Recurrence (After 2 Years)

ical reasons for these higher recurrence risks have
been reviewed previously.?

The large size and the long duration of follow-up
of this prospectively recruited group have allowed a
detailed study of risk factors for seizure recurrence.
Five factors were associated with the risk of recur-
rence. These include etiology, EEG, sleep state,
Todd’s paresis, and a history of prior febrile seizures.
Etiology and EEG have been consistently associated
with an increased recurrence risk in other stud-
ies?®71171517 The association of onset of seizures in
sleep with recurrence risk was previously reported
and persists in this analysis.** With the substantially
increased sample size and longer duration of follow-
up, we were able to confirm the importance of risk
factors such as Todd’s paresis and febrile convul-
sions, which were only marginally significant in our
earlier analysis of 283 children with a mean fol-
low-up of 30 months.' Todd’s paresis and histories of
prior provoked seizures in remote symptomatic
cases have also been reported as risk factors in the
one other prospective study with an extended fol-
low-up period.” However, risk factors of marginal
significance in the prior analysis,! such as partial
seizures in the remote symptomatic group, turned
out not to be associated with the risk of recurrence.

In the cryptogenic group, the key risk factors for
recurrence are the EEG and the sleep state. Using
these two variables, one can identify a large group
with very low risk of recurrence (ie, cryptogenic with
a normal EEG and the seizure occurring while
awake) and smaller groups with a very high risk of
recurrence {cryptogenic with an abnormal EEG and a
seizure while asleep; Fig 4).

In the remote symptomatic group, a history of
prior febrile seizures, including both simple and
complex febrile seizures, was associated with a very
high recurrence risk. This suggests that, in this
group, febrile seizures may be an age-specific marker
for a predisposition for epilepsy.”! Conversely, in the
much larger cryptogenic group, a history of prior
febrile seizures did not alter the recurrence risk in
this study and several others.>!'!?

A younger age of onset was associated with a
higher recurrence risk in the remote symptomatic
group. This variable remained in the multivariable
analysis, and thus the relationship is not simply at-
tributable to the association of early age of onset with

Risk Factor

Proportionate Hazards Model

6vérail (n = 242)

Cryptogenic (n = 216)

Rate Ratio 95% CI* P Rate Ratio 95% CI P
Remote symptomatic etiology 4.4 1.8-10.8 .0012 v o
Abnormal electroencephalogram 3.5 1.5-8.5 0052 34 1.2-9.8 024
Seizure while asleep 1.0 0.4-2.6 .99 0.7 0.2-2.4 .55
Partial seizure 0.7 0.3-19 .53 0.7 0.2-2.3 61
Prior febrile seizures 2.6 1.0-6.7 .05 24 0.8-7.8 13
Todd’s paresis 1.1 0.2-8.5 .89 0.0 o s
Age =3y 0.4 0.1-1.3 13 0.6 0.2-2.0 36
Status epilepticus 1.5 0.5-5.2 .49 1.4 0.3-6.3 .65
Family history of seizures 0.7 0.2-2.9 .61 1.1 0.2-4.7 93

* CI indicates confidence interval.
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TABLE 4. Risk Factors for Late Recurrence (After 2 Years): Multivariable Analysis Using Cox Proportional Hazards Model

Risk Factor Proportionate Hazards Model

Rate Ratio 95% Confidence Interval P
Overall group (n = 242)
Remote symptomatic etiology 34 1.3-8.9 012
Abnormal electroencephalogram 2.8 1.1-6.9 031
Prior febrile seizures 2.5 0.9-6.9 081
Cryptogenic cases (n = 216)
Abnormal electroencephalogram 3.4 1.2-9.8 024

febrile seizures. In the cryptogenic cases, a younger
age of onset was associated with a more favorable
prognosis on univariate analysis but did not remain
in the multivariable analysis. This finding may be
attributable to the Jow frequency of abnormal EEGs
in that age group.” A similar finding, that a younger
age of onset is associated with an increased recur-
rence risk in remote symptomatic cases but not in
cryptogenic cases, was recently reported in a study
of discontinuing AEDs in children with epilepsy who
were seizure free while taking AEDs.** This may be
attributable to the known association of a younger
age of onset with a more severe neurologic handi-
Cap.32'33

Status epilepticus as the initial seizure was not
uncommon in the cryptogenic group but was not a
risk factor for seizure recurrence. The only other
study to examine the predictive value of status epi-
lepticus separately in cryptogenic and remote symp-
tomatic cases®” reported similar results. The risk of
subsequent status epilepticus in the cryptogenic
group is very low, particularly if the initial seizure
was brief, and need not unduly influence treatment
decisions. What is still unresolved and requires fur-
ther follow-up is whether after a longer latency pe-
riod of 10 or more years there will be an increased
rate of further seizures in the children who had
episodes of status epilepticus. Some retrospective
data from tertiary care centers evaluating patients
with intractable temporal lobe epilepsy suggest a
very long latency period between prolonged early
childhood convulsions and subsequent intractable
epilepsy.*~" Longer-term follow-up of this cohort is
being planned to determine whether status epilepti-
cus is associated with the late subsequent develop-
ment of intractable temporal lobe epilepsy. In remote
symptomatic cases, the numbers were small, but
meta-analysis suggests that these children are at an
increased risk for seizure recurrence.?” Children with
status epilepticus of a remote symptomatic cause are
also at an increased risk of recurrent episodes of
status epilepticus. 2078

A number of observational studies have reported
that treatment with AEDs does not influence the risk
of recurrence.>''"1* However, two controlled, ran-
domized trials clearly demonstrate that AED therapy
after a first seizure reduces the risk of seizure recur-
rence by approximately 50%.'¢'” The emphasis of the
current study, which was initiated in 1983, was on
the natural history of an untreated cohort, and the
majority of subjects in this study were not treated
with AEDs after the initial seizure. Even children
who presented with remote symptomatic seizures,

status epilepticus, abnormal EEGs, or prior febrile
seizures were not treated. Thus, the recurrence risks
reported here likely reflect the natural history of this
disorder.

Recent randomized, controlled studies of treat-
ment with AEDs have shown that treatment after the
first seizure reduces the recurrence risk by approxi-
mately 50% but does not affect the probability of
attaining remission.'*”#’ The authors of one study
limited to children thought that the benefits of ther-
apy were outweighed by the significant incidence of
adverse effects from therapy. They concluded that
treatment should not be routinely initiated after the
initial seizure.'® The more recent multicenter Italian
study,"” which included children and adults, initially
found a reduction of recurrence risk. After further
follow-up, they found that therapy after the initial
seizure did not influence long-term remission rates
and also do not recommend treatment after a single
seizure.* Other epidemiologic data also suggest that
early treatment with AEDs does not alter the long-
term prognosis of these seizure disorders.*'#?

Most recurrences occur early. A first recurrence
after 2 years is uncommon and after 5 years is rare.
With the exception of sleep state, the risk factors for
late recurrence seem to be the same as those for early
recurrence. As discussed above, it remains to be seen
whether with very long follow-up further recur-
rences will occur, particularly in those children with
status epilepticus as their first seizure. Some recent
retrospective studies suggest that the latency period
for development of epilepsy after an initial episode
of status epilepticus may be 10 years or more3**
Although this possibility is of concern, it should not
alter current treatment decisions. 444>

The decision to treat or not to treat a child after a
first unprovoked seizure is an individualized one.
The physician must take into account not only the
risk of seizure recurrence and its consequences but
also the risks of AEDs. The impact of seizure recur-
rence in children and adolescents is predominantly
social unless recurrence is associated with prolonged
status epilepticus.** Even then, current studies sug-
gest that the sequelae are minimal if the seizure is not
caused by an acute neurologic insult and is unpro-
voked 203435383946-48 Only 7 (4%) of the 171 recur-
rences met the criteria for status epilepticus, and
none had sequelae.

In deciding which children should be treated after
a first unprovoked seizure, one needs to balance the
recurrence risk and the long-term prognosis against
the potential morbidity of antiepileptic drug thera-
py- 4% Children with cryptogenic first seizures oc-
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Articles

Does the number of seizures before
treatment influence ease of control or
remission of childhood epilepsy? Not if

the number is 10 or less

Carol Camfield, MD, FRCP(C); Peter Camfield, MD, FRCP(C); Kevin Gordon, MD, FRCP(C);
and Joseph Dooley, MB, FRCP(C)

Article abstract—Using a population-based regional cohort of 479 children with epilepsy, we studied the effect of the
number of pretreatment afebrile seizures on seizure control and remission. The number of pretreatment seizures varied
from 1 to 20. For the first 10 pretreatment seizures, there was no significant difference or trend in (1) the proportion of
children who were seizure free long enough to attempt stopping medication (mean, 70%), (2) the number of breakthrough
seizures before control was achieved, or (3) the proportion of children who were seizure free after stopping medication for
the first time (mean, 70%). More patients with more than 10 pretreatment seizures had complex partial seizures (59%)
than those with 10 or fewer seizures (16%) (p < 0.00001). We conclude that there does not appear to be any penalty for

seizure control or early remission of epilepsy if medication is delayed for up to 10 pretreatment seizures.

NEUROLOGY 1996;46:41-44

The diagnosis of epilepsy is conventionally made af-
ter two unprovoked seizures. Daily antiepileptic
medication is often prescribed at this point, with the
expectation that further seizures will be avoided. It
is not clear whether prevention of further seizures
alters the tendency of many children to outgrow
their epilepsy. Experimental kindling of epilepsy in
animals raises the point that each seizure “greases
the track” for the next seizure, i.e., seizures beget
seizures.! The relevance of kindling of experimental
seizures in animals to epilepsy in children is uncer-
tain. In kindling models, subclinical electrical stimu-
lation eventually leads to spontaneous seizures.
More than 10 stimulation events are required before
seizures occur, and the stimulation must occur very
regularly and at short intervals. There does not ap-
pear to be a clear human equivalent to subclinical
stimulation.! Nonetheless, the existence of experi-
mental kindling may make clinicians anxious to give
children who have recurrent seizures antiepileptic
medication as soon as possible.

If the course of epilepsy in children follows a sim-
ilar pattern to that of experimental kindling, there
should be a relationship between the number of sei-
zures before treatment and both the ease of seizure
control and the rate of eventual remission of epi-
lepsy. If seizures do not beget seizures, it may be
reasonable to withhold medication, for selected chil-

dren, until several seizures have occurred. Some
children with epilepsy might avoid drug treatment
completely.

We address the question, Does the number of sei-
zures before antiepileptic drug (AED) treatment in-
fluence the ease of seizure control or the chance that
medication can be successfully withdrawn?

Methods. The IWK Children’s Hospital in Halifax is the
only tertiary pediatric center in the province of Nova Sco-
tia (population of approximately 850,000). All pediatric
neurologists in the province are located at this hospital,
and we have an extensive pediatric neurology traveling
clinic system throughout the province. All EEGs for the
province are interpreted by the pediatric neurologists at
IWK Children’s Hospital.

Our previous studies suggest that virtually all children
presenting to a physician with a first seizure need to have
an EEG.? Therefore, we are confident that all those pre-
senting with a second seizure have had at least one EEG;
hence, EEG records were a comprehensive source for iden-
tifying pediatric seizure patients in the province. The de-
tailed methods of case ascertainment have been previously
published.? In brief, all EEG reports for children in Nova
Scotia in the study period 1977-1985 were reviewed. For
each possible patient, information was gathered from the
hospital’s or the neurologist’s charts or by direct contact
with the family doctor. When information was incomplete,
parent(s) or the patient was contacted directly both for
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Table 1 Inclusion and exclusion criteria

Inclusion criteria
Two or more unprovoked afebrile seizures
First two afebrile seizures between July 1977 and July 1985
Resident of Nova Scotia at time of first two afebrile seizures
Followup information during 1987-90 (2-12 years)
Age at first two seizures: 1 month to 16 years

Exclusion criteria

Myoclonus; absence (typical or atypical), akinetic, or atonic
seizures; and infantile spasms

Acute provoking factors for seizures (e.g., fever, acute head
trauma)

Evidence of progressive neurologic disease (brain tumor or
degenerative disease)

Unknown number of pretreatment seizures, unless clearly
more than 10

initial and followup information from 1987 to 1990. Nearly
all patients (97%) had been seen by our pediatric neurol-
ogy service at some point in the evolution of their disorder.

The inclusion and exclusion criteria are listed in table 1.
Epilepsy was defined as two or more unprovoked seizures.
Children treated with daily AED therapy after their first
seizure were only included if they eventually had a second
seizure. We emphasize that children were excluded if they
had myoclonus; absence (typical or atypical), akinetic or
atonic seizures; or infantile spasms.

In this study we only considered the patient’s initial
medication period. In all patients, daily AED treatment
was started after diagnosis. Some patients continued on
medication until their final followup. Others attempted to
discontinue medication after a seizure-free period. The de-
cision to discontinue medication was made by the family
and attending physician based on clinical factors. Many
children withdrew from AED treatment successfully, but
others relapsed and restarted daily medication. Some at-
tempted to discontinue medication a second or third time;
however, only their first attempt is considered in this re-
port.

The number of pretreatment seizures was coded as 1 to
20, with greater numbers coded as >20. Because few pa-
tients had 11 to 21 pretreatment seizures, we grouped
together all those with more than 10 pretreatment sei-
zures. Children with an unknown number of pretreatment
seizures were excluded unless that number was clearly
more than 10. If a child had a first seizure that was unpro-
voked, fully recovered consciousness, and then had a recur-
rence on the same day, the second seizure was defined as
the first recurrence.*

If a child became seizure free for a period that the
child’s physician and family agreed was sufficient, medica-
tion was tapered and then discontinued. The child was
then defined as seizure free if he or she experienced no
more seizures off medication until the end of followup.

Breakthrough seizures were defined as seizures occur-
ring after medication was prescribed but before medication
was withdrawn for those patients who were seizure free for
a sufficient period. Information about compliance at the
time of breakthrough seizures was not available. Our pre-
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Table 2 Number of patients becoming seizure free and
successfully discontinuing medication

AED started after No. tried off No. successfully stopping

seizure no. n AED (%) AED (%)
1 74 48 (65) 27(57)
2 151 114 (76) 79 (69)
3 74 57(77) 40(71)
4 27  20(74) 17 (85)
5 18 12(70) 9 (75)
6 12 9 (75) 7(78)
7 9 4 (44) 3(75)
10 17 12(71) 11 (92)
>10 99 55(56) 39 (71)

vious studies have indicated that compliance in this popu-
lation is usually excellent.>¢

Results. Clinical characteristics. There were 479 chil-
dren who met the entry criteria. The mean age of first
seizure was 81.5 months (median, 77; range, 1-195). The
mean time from first to second seizure was 4.9 months
(median, 2; range, 1-72) with 70% of patients having the
second seizure within 1 month of the first. The mean
length of followup after the first seizure was 85.1 months
(median, 85; range, 3—188).

The neurologic examination was normal in 373 patients
(78%) and revealed a major abnormality in 53 (11%). Intel-
ligence was judged to be normal in 326 patients (68%),
whereas 57 (12%) had a mental handicap and another 77
(16%) had a learning disorder.

The first seizure type was generalized tonic-clonic in
120 patients (25%), simple partial in 19 (4%), complex
partial in 124 (26%), partial with secondary generalization
in 177 (26%), rolandic in 29 (6%), and “other” in 10 (2%).
The initial medication prescribed was phenobarbital in 211
patients (44%), carbamazepine in 177 (37%), phenytoin in
53 (11%), valproic acid in 10 (2%), and “other” in 28 (6%).

Seizure-free period during AED treatment. Overall, 331
patients (70%) became seizure free long enough to attempt
discontinuation of medication. The mean seizure-free pe-
riod while being treated with AED was 31 + 17 (SD)
months. If the number of pretreatment seizures was 10 or
fewer, the specific number did not influence the proportion
of patients who became seizure free long enough to at-
tempt discontinuation of medication (table 2). Only 55 of
the 99 patients (56%) with more than 10 pretreatment
seizures were seizure free for a sufficient time to attempt
discontinuation of medication, compared with 276 of 380
patients (73%) with 10 or fewer seizures (p = 0.001, chi-
square test).

Discontinuation of AED treatment. When patients dis-
continued AED treatment, overall, 232 of the 331 patients
(70%) remained seizure free off AED therapy. For the 232
seizure-free patients, the mean followup after AED discon-
tinuation was 39 = 19 (SD) months. For each pretreatment
seizure number, the number of patients successfully stop-
ping AED treatment was the same (see table 2). The only
exception was the group treated after a single seizure. Of
this group, 27 of 48 patients (57%) were seizure free after



Table 3 Breakthrough seizures after starting AED

Number of breakthrough
seizures (%)

AED started after

seizure no. n 0 1-3 4-10 >10
1 47 15* 40 28 17

2 115 52 22 10 22
3 56 51 28 11 9

4 20 55 15 15 15

5 13 54 30 8

6-10 25 48 12 32

Data about breakthrough seizures were not available for those
patients with more than 10 seizures before treatment.

* These children were eventually taken off medication and then
had at least one recurrence.

AED discontinuation, compared with 205 of 284 patients
(72%) with more than one pretreatment seizure (p = 0.04,
chi-square test).

Breakthrough seizures while receiving AED treatment.
Once AED treatment was started, the number of break-
through seizures before complete control did not differ
from the number of pretreatment seizures, again with the
exception of those patients with only one pretreatment
seizure (table 3). This analysis applies only to the 276
patients with 10 or fewer pretreatment seizures plus suffi-
cient seizure control to attempt discontinuation of medica-
tion. Unfortunately, because of our coding system, data for
this issue were not available for those patients with more
than 10 pretreatment seizures. Of those patients with only
one pretreatment seizure, 7 of 47 (15%) had no more sei-
zures when medication was started, compared with 119 of
229 patients (52%) with more than one pretreatment sei-
zure (p < 0.0001, chi-square test).

Children with one pretreatment seizure. The mean time
from first to second seizure for patients treated after only
one pretreatment seizure was significantly longer than for
those treated after more seizures (mean, 14.9 versus 4.4
months; p < 0.00001, Mann-Whitney test).

Children with more than 10 pretreatment seizures.
Those patients with more than 10 pretreatment seizures
were more likely to have complex partial seizures than
those with fewer pretreatment seizures (60 of 99 versus 62
of 380; p < 0.00001, chi-square test). They also had a
younger average age of onset of epilepsy (mean, 71.6 ver-
sus 84.1 months; p = 0.05, Mann-Whitney test). They were
not more likely to have neurologic, intellectual, or behav-
ioral disabilities (see reference 3 for definitions).

Discussion. Based on our experience, the number
of seizures before a child is started on AED treat-
ment has little influence on the ease of seizure con-
trol, the likelihood of becoming seizure free long
enough to consider discontinuing medication, or the
chance of seizure recurrence after stopping treat-
ment for the first time. Children with more than 10
pretreatment seizures appear to have a reduced
chance of completely controlling their seizures with
daily AED treatment, but if controlled, the chance of

successfully stopping medication is unchanged. We
did not include children with initial absence, aki-
netic, or atonic seizure; myoclonus; or infantile
spasms in this study. These disorders virtually al-
ways present with seizures too numerous to count.

Our study was population based and the decision
of when to start medication was made by the family
and physician. We doubt that treatment was deliber-
ately withheld in many of these children until there
were multiple seizures. Between 1977 and 1985, our
usual practice was to start daily medication after one
or two seizures. Children with more than two pre-
treatment seizures most likely did not present to a
physician until multiple seizures had occurred.
AEDs were nearly always discontinued if a child was
seizure free for 2 to 4 years. Overall, only 18 of the
479 children were seizure free, having made no at-
tempt to stop medication, for more than 4 years.
Because we found no trend in the difficulty of seizure
control or remission of epilepsy with increasing pre-
treatment seizure (<10), a randomized trial would
probably not yield different results. In a randomized
Italian study of 397 adults and children, the investi-
gators found no difference in long-term remission
when medication was started after the first or second
seizure.”®

Children treated after having more than 10 sei-
zures had a different clinical profile than those
treated earlier. They were younger at onset and
more likely to have complex partial seizures, sug-
gesting that these seizures are not easily recognized
by parents. However, once these children became sei-
zure free with medication, there was no reluctance to
attempt medication withdrawal. Only 5% of children
with more than 10 pretreatment seizures were sei-
zure free, having made no attempt to stop medica-
tion, for more than 4 years compared with 3.4% of
those with fewer pretreatment seizures. The rate of
successful medication discontinuation was the same
with all pretreatment seizure numbers.

We cannot conclude that earlier treatment would
have made a difference in seizure control for those
with more than 10 pretreatment seizures. Perhaps
younger children with many seizures before treat-
ment have a form of epilepsy that is unlikely to re-
mit. In a previous study using multivariate analysis,
we noted that more than 20 seizures before treat-
ment was predictive of a low rate of long-term remis-
sion, independent of seizure type.? Therefore, the ef-
fect of a very large number of pretreatment seizures
is only partially explained by the overrepresentation
of complex partial seizures in this group.

Only one-half of children with a first seizure have
a recurrence.? Based on our data, it appears that
children treated after a single seizure have a more
difficult clinical course than those treated after mul-
tiple seizures; however, this impression is undoubt-
edly the result of our inclusion criteria. To be in-
cluded, children had to have had two or more
seizures. Those treated after a first seizure were in-
cluded if they had an additional seizure on medica-
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tion or further seizures when medication was discon-
tinued. Those who had no recurrences after their
first seizure were excluded from the study.

In adults, the impact of muitiple seizures before
treatment is controversial. Elwes et al suggested
that “a high frequency of tonic-clonic seizures before
treatment” was associated with unsatisfactory sei-
zure control.? On the other hand, Sander concluded
that there was little evidence in untreated popula-
tions to implicate an adverse effect on remission
from multiple seizures.'® Studies, specifically in chil-
dren, have not directly focused on the issues raised
in this paper.!! In two population-based studies of
childhood epilepsy, the investigators noted that fre-
quent “early” seizures are predictive of a poor prog-
nosis.'?!3 In both studies, the early seizures occurred
after medication was started.

In 1881, Gowers wrote of epilepsy: “The tendency
is for self perpetuation: each attack facilitates the
occurrence of another.”* We disagree, at least for
children who have had 10 or fewer seizures before
treatment. We suspect that the current “standard of
practice” is to prescribe daily medication for children
who have had two seizures. Qur paper offers reas-
surance to families who choose to delay medication
until a child with epilepsy has had a substantial
number of seizures.'> There does not appear to be
any penalty for seizure control or remission if medi-
cation treatment is delayed for up to 10 seizures. If
early medication does not have an effect on the long-
term prognosis of childhood epilepsy, then, initially,
the only rationale for treatment would be avoidance
of injury or avoidance of adverse social consequences.
We are unaware of studies addressing the frequency
or severity of injury based on pretreatment seizure
number. The social outcome of our patients was not
related to the number of pretreatment seizures.'®
The rationale for medication treatment for children
who have had 10 or fewer seizures requires further
study.
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The 1999 British Child and Adolescent Mental Health Survey,
a nationwide epidemiological study of rates of psychiatric
disorder in children aged 5 to 15 years, provided the
opportunity to investigate the mental health of children with
epilepsy. These children and their families experience
disability specifically because of additional emotional,
behavioural, and relationship problems, and this is the first
epidemiological study that directly measures these
impairments. Information was obtained by interviewing a
main carer and teacher for 10316 children; 67 children with
epilepsy were identified (35 males, 32 females; mean age 10
years 2 months, SD 2 years 11 months, range 5 to 15 years),
and compared with the 47 children with diabetes (27 females,
20 males; mean age 10 years 4 months, SD 3 years 4 months,
range 5 to 15 years) and 10202 controls (50% male; mean
age 9 years 11 months, SD 3 years 1 month, range 5 to 15
years). DSM-IV psychiatric diagnoses were derived from the
Development and Well-Being Assessment in combination
with the interview and a specialist clinician rating. Parental
reports of emotional and behavioural problems, their impact,
and associated peer problems were also obtained. Rates of
psychiatric disorder were 37% (95% confidence interval [CI]
22 to 49) in epilepsy, 11% (95% CI 2 to 19%) in diabetes, and
9% (95% CI 9 to 10%) in control children. Parents of
children with epilepsy consistently reported more problems,
with greater impact and associated peer problems. Epilepsy,
but not diabetes, was independently (adjusted for age, sex,
and severe learning difficulties) associated with all
behavioural variables in regression analyses. Emotional,
behavioural, and relationship difficulties are common in
children with epilepsy, and constitute a significant burden to
the children and their families, indicating the need for
effective mental health services for these children.
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Children with epilepsy are at increased risk for mental
health problems in comparison with the general population
and with children with chronic illnesses not involving the
CNS. Children with both epilepsy and structural CNS abnor-
malities are more likely to have emotional and behavioural
symptoms, which in many cases are severe enough to warrant
a psychiatric diagnosis (Dunn and Austin 1999). In 1970, a
landmark study in child psychiatric epidemiology showed
rates of psychiatric disorder of 7% in the general population,
12% in children with physical disorders not involving the CNS,
29% in those with idiopathic seizures, 38% in children with
structural brain abnormalities, and 58% in those with both
seizures and structural brain abnormalities (the Isle of Wight
Study; Rutter et al. 1970). The impact and burden of this psy-
chiatric morbidity have not been well studied but seem to con-
tribute significantly to the overall disability experienced by
children with epilepsy. The psychosocial impairments in these
children are significantly greater than those found in children
with other chronic disorders such as diabetes or asthma
(Hoare 1984a, Austin et al. 1994).

The epidemiological study reported here was designed to
measure the mental health of a large sample of children in
the UK and is unique in employing structured interviews
with parents and children. The results of the interviews were
combined with teacher rating scales and independent clini-
cian’s ratings to generate diagnoses that incorporate clinical
judgements (Goodman et al. 2001). Parents were also asked
directly about the impact of psychosocial symptoms on their
child’s overall functioning, in order to provide a more direct
measure of disability than was available from the Isle of
Wight Study (Rutter et al. 1970). Apart from this extra infor-
mation, the two studies have similar designs and employ
conceptually equivalent diagnostic schemes for child psy-
chiatric disorder, which, therefore, permits a direct compar-
ison of rates of disorder over the 30-year interval.

Method

We used data from a cross-sectional survey of the mental health
of a representative sample of 10438 British children (83% of
those approached) aged 5 to 15 years (Meltzer et al. 2000).
Centralized computerized records from the Child Benefit
Register (CBR) were used as a sampling frame to select chil-
dren aged 5 to 15 years throughout England, Wales, and
Scotland. Families with no detailed postal code in the data-
base or those undergoing a current revision of their record
(due to death of the child or change of address) were exclud-
ed. The total number of children finally included in the sam-
pling frame was 6 422 202, an estimated 90% coverage of the
whole population. The sampling frame was further stratified
by Regional Health Authority, and within that, by sociodemo-
graphic groupings. Postal sectors were then selected at ran-
dom within that frame with a probability proportional to the
size of the sector. To facilitate the logistics of the survey, a few
areas were oversampled but proper weights were introduced
into the analysis to adjust for unequal sampling probabilities.
From the final list of 475 postal sectors selected from the 8265
sectors covering the whole country, the CBR was instructed to
sample 30 children within each postal sector and a letter was
subsequently sent to the families by the CBR on behalf of the
Office for National Statistics survey team. Of the 14 250 fami-
lies contacted, 931 parents (6.5%) chose to opt out by calling
the CBR and a further 790 addresses (5.5%) were found to be
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incorrect. This left a sample of 12 529 children eligible for inter-
view, of whom 10 438 were interviewed.

Psychiatric disorder was assessed using the Development
and Well-Being Assessment (DAWBA; Goodman et al. 2000) to
collect detailed information from parents, teachers, and young
people aged 11 years or more. A structured interview about the
relevant DSM-IV criteria (American Psychiatric Association
1994) was administered by lay interviewers, who also recorded
verbatim accounts of any reported problems (Goodman et al.
2000; www.dawba.com). Experienced clinicians reviewed
both the verbatim accounts and the answers to structured
questions about symptoms and their impact before assigning
diagnoses according to DSM-IV criteria. The diagnostic assess-
ment used strict symptom and impairment criteria and gener-
ated prevalences towards the lower end of the previously
reported range for European and North American epidemio-
logical studies. Peer relations and the impact of emotional
and behavioural difficulties were assessed by a standard ques-
tionnaire (Goodman 1999, 2001; www.sdginfo.com). Alth-
ough the survey was primarily one of child mental health, the
information gathered included a section on associated illness-
es. Parents of 10316 (99%) of the children provided informa-
tion on the presence or absence of 34 health problems or
conditions.

Epilepsy was reported in 67 children, of whom 42 had
‘uncomplicated epilepsy’ and 25 had ‘complicated epilepsy’ as
indexed by one or more of the following: severe learning diffi-
culties; cerebral palsy; any stiffness or deformity of the foot, leg,
fingers, arms or back; any muscle disease or weakness; a condi-
tion present since birth such as talipes equinovarus or cleft
palate; any difficulty with coordination; or speech or language
problems. Severe learning difficulties were diagnosed when a
child’s vocabulary quotient was under 60 (Dunn etal. 1997), or
when a teacher’s estimate of cognitive age was less than half of
the child’s chronological age. Of the eight children with epilep-
sy and severe learning difficulties, seven also had one or more
of the other complicating factors. In the parental report of
epilepsy, we did not have information on seizure type, length
of illness, or whether or not treatment was being given.

Diabetes was reported to be present in 48 children, one of
whom also had uncomplicated epilepsy and was included in
the epilepsy group. This rate is in accordance with that quot-
ed by Diabetes UK (British Diabetic Association, www.dia-
betes.org.uk) for the rate of juvenile diabetes in the UK
population. There have been some reports that eating disor-
ders are more common in young people with diabetes
(Verrotti et al. 1999). Our study did not find increased rates of

Table I: Diagnosis by group

any specific psychiatric disorder in the diabetic group, but
the power of the study would be unlikely to be sufficient to
detect this. Informed parental consent was obtained for all
participants.

Results

The rate of any psychiatric disorder was 37% (25 of 67, 95%
confidence interval {CI] 22 to 49%) in the children with
epilepsy; 11% (5 of 47, 95% CI 2 to 19%) in the children with
diabetes; and 9% (946 of 10 202, 95% CI 9 to 10%) in the
remaining children (x>=61.2, 2df, p<0.001). The rate in the
epilepsy group was significantly higher than in either of the
other two groups after partitioning with protected signifi-
cance levels. In forward conditional logistic regression using
SPSS (version 10.0), independent predictors of psychiatric
disorder were severe learning difficulties, gender, epilepsy,
and age (in that order, p<0.001 for all), but not diabetes.

Table I provides additional information for a wider range of
diagnoses, after splitting the epilepsy group into uncomplicat-
ed and complicated epilepsy; all comparisons across the four
groups are statistically significant (minimum %?=11.8, 3df,
p<0.01).

Figure 1 shows the parental identification of any emotional
or behavioural problem in their child, its impact, and the level
of peer relationship problems; all group differences are statisti-
cally significant (p<0.001 for ¥? or one-way analysis of vari-
ance). Regression analyses were performed with age, gender,
severe learning difficulties, uncomplicated epilepsy, compli-
cated epilepsy, and diabetes as independent variables, and with
psychiatric diagnoses and the parent-reported variables shown
in Figure 1 as independent variables (using stepwise linear
regression and forward conditional logistic regressions from
SPSS). At least one epilepsy variable was a significant predictor
in all instances, whereas diabetes was not a significant predic-
tor in any instance. Uncomplicated epilepsy was a significant
independent predictor of the three parent-reported variables
shown in Figure 1, and also of emotional disorders, opposi-
tional-conduct disorders, and the presence of at least one
psychiatric diagnosis. Complicated epilepsy was a significant
independent predictor of the three parent-reported variables
shown in Figure 1, and also of emotional disorders, hyperac-
tivity disorders, pervasive developmental (autistic) disorders,
and the presence of at least one psychiatric diagnosis.

Discussion
In this epidemiological study, children with epilepsy had
high rates of psychiatric disorder and associated impairment;

Group (n) Percentage with psychiatric disorder (n)

Any Emotional Conduct ADHD PDD
Complicated epilepsy (25) 56.0 (14) 16.0 (4) 24.0 (6) 12.0 (3) 16.0 (4)
Uncomplicated epilepsy (42) 26.2 (11) 16.7 (7) 16.7 (7) 0 0
Diabetes (47) 10.6 (5) 6.4 (3) 8.5 (4) 2.1(1) 0
All other (10 202) 9.3 (946) 4.2 (427) 4.7 (483) 2.2(228) 0.2 (25)

Any, any psychiatric disorder; Emotional, any emotional disorder; Conduct, any conduct disorder, including
oppositional defiant disorder; ADHD, any attention-deficit-hyperactivity disorder; PDD, any pervasive
developmental disorder (autistic disorder).
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this was not due simply to the association between epilepsy
and severe learning difficulties. Both the uncomplicated and
complicated epilepsy groups showed a substantial increase
in emotional and behavioural disorders. However, only the
complicated epilepsy group (identified as having additional
neurological problems or severe learning difficulties) was
associated with a markedly increased rate of hyperactive and
pervasive developmental (autistic) disorders. The fact that
mental health problems were much more commonly associat-
ed with epilepsy than with diabetes, indicates that the
psychiatric consequences of epilepsy are not an inevitable cor-
relate of a chronic and potentially life-threatening disorder
that requires daily treatment; neurological abnormalities and
social stigma are likely to be key risk factors (Taylor 1996).
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Figure 1: Parent reports on: (a) Is there an emotional or
bebavioural problem? (b) What impact does it have? (c) Are
there peer problems? Comp EP, complicated epilepsy;
Uncomp EP uncomplicated epilepsy; Diab, diabetes.
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Other studies have shown that a psychiatric disorder can
emerge in children early in the course of their illness (Hoare
1984b) or even before the onset of seizures (Austin etal. 2001).

The rates of psychiatric disorder reported in this study are
remarkably similar to those reported 30 years ago by the pio-
neering Isle of Wight study, both for uncomplicated epilepsy
(26% now vs 29% then) and for complicated epilepsy (56%
now vs 58% then). One implication is that these strong
brain-behaviour links are not an artefact of a particular diag-
nostic scheme or type of assessment — a conclusion rein-
forced by the high frequency with which parents themselves
think that their children with epilepsy have additional emo-
tional and behavioural problems. Obtaining parental impres-
sions may be particularly important in this group of children,
as they may not fit neatly into diagnostic categories (Taylor and
Lochery 1991). For example, children with severe epilepsy
may have social communication problems not meeting full
diagnostic criteria for an autistic spectrum disorder, but this
disability can be identified by asking parents about peer rela-
tionships and general adjustment, as did. Similarly, some chil-
dren with epilepsy have disinhibited, labile, and unpredictable
behaviour, which parents clearly rate as a problem but which
cannot be classified as a hyperactivity disorder.

Although we diagnosed epilepsy in this study by parent
report without corroboration from medical records, it is reas-
suring that our prevalence rate (6.4 out of every 1000) is
in line with other reported prevalence rates which cluster
around 4 to 6 out of 1000 children (Cowan et al. 1989). We
did not have the statistical power or clinical information in
this study to establish whether the risk of psychiatric disorder
varied with characteristics of the epilepsy, such as seizure fre-
quency, type, or length of illness. Previous studies suggest that
greater seizure frequency does seem to have an increased psy-
chosocial impact (Camfield et al. 2001). Some seizure types,
perhaps particularly those involving the temporal lobe, may
be more linked to psychopathology; this has been surprisingly
little study of this in children (Ott et al. 2001) although specific
clinic series have revealed associations such as a link between
right-sided temporal lobe lesions, epilepsy, and autistic spec-
trum disorder (Taylor et al. 1999). Antiepileptic medications
are often suggested as a cause of behavioural problems, and
there are many case reports and clinical series suggesting that
the side effects of drugs should not be ignored. However,
good seizure control is one of the strongest predictors of
improved behaviour, and attempts at a systematic study of the
effects of anticonvulsants have failed to find evidence of a
strong clinical effect on behaviour (Bourgeois 1998).

Although our study focused on epilepsy as the most com-
mon neurodevelopmental disorder, our findings are potential-
ly relevant to a substantially greater number of children with
other neurodevelopmental conditions such as head injury,
cerebral palsy, and hydrocephalus. Rates of the common child-
hood psychiatric disorders are high in all of these children;
response to treatment is equivalent to that in other groups;
and, if successful, treatment results in an improved quality
of life for the children and their carers (Goodman and
Graham 1996).

Conclusion

Itis sobering that all the changes in paediatric and child mental
health practice over the past 30 years have not apparently
reduced the psychiatric associates of epilepsy, despite the
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availability of effective, evidence-based treatments for many
childhood psychiatric disorders. There are few or no pub-
lished data on treatment outcomes of psychiatric disorder in
children with epilepsy, but clinical experience suggests that
these children’s mental health problems respond to treat-
ment. In treatment studies, children with medical problems
such as epilepsy are often excluded from the analysis, so we
do not have trial evidence about whether disorders are equal-
ly responsive to treatment, or whether children with epilepsy
might need modified treatments. The few published treat-
ment studies suggest equivalent responsiveness to treat-
ment, for example in attention-deficit-hyperactivity disorder
(Feldman etal. 1989). The shortage of relevant research stud-
ies seems to reflect clinical practice, where psychiatric diag-
noses are often missed in children with epilepsy, for example
the common disorders of depression and anxiety (Ettinger et
al. 1998), or if identified are considered to be an integral part
of the epilepsy and are not treated specifically. This study
confirms very high rates of psychiatric disorder in children with
epilepsy and suggests underdetection and undertreatment of
mental health problems in this group. Routine monitoring of
psychological adjustment by mental health professionals
should be a standard part of the multidisciplinary package of
care for children with epilepsy, with early, assertive interven-
tion when necessary to prevent the additional disability that
emotional and behavioural disorders confer. Specialist epilep-
sy centres need ready access to neuropsychological and neu-
ropsychiatric expertize, particularly for children with severe
and treatment-resistant epilepsy, and for those with underly-
ing structural brain abnormalities.
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SUMMARY

Epilepsy was defined conceptually in 2005 as a disorder of the brain characterized by
an enduring predisposition to generate epileptic seizures. This definition is usually
practically applied as having two unprovoked seizures >24 h apart. The International
League Against Epilepsy (ILAE) accepted recommendations of a task force altering
the practical definition for special circumstances that do not meet the two unprovoked
seizures criteria. The task force proposed that epilepsy be considered to be a disease
of the brain defined by any of the following conditions: (1) At least two unprovoked (or
reflex) seizures occurring >24 h apart; (2) one unprovoked (or reflex) seizure and a
probability of further seizures similar to the general recurrence risk (at least 60%) after
two unprovoked seizures, occurring over the next 10 years; (3) diagnosis of an epilepsy
syndrome. Epilepsy is considered to be resolved for individuals who either had an age-

Robert S. Fisher dependent epilepsy syndrome but are now past the applicable age or who have
Department of remained seizure-free for the last 10 years and off antiseizure medicines for at least
Neurology & the last 5 years. “Resolved” is not necessarily identical to the conventional view of
Neurological Sciences, “remission or “cure.” Different practical definitions may be formed and used for vari-
Stanford University ous specific purposes. This revised definition of epilepsy brings the term in concor-
School of Medicine dance with common use.
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In 2005, a Task Force of the International League Against
Epilepsy (ILAE) formulated conceptual definitions of “sei-
zure” and “epilepsy” (Table 1)." Conceptual definitions can
be translated for specific purposes into operational (practi-
cal) definitions.

The ILAE commissioned a Task Force to formulate an
operational definition of epilepsy for purposes of clinical
diagnosis. This article summarizes the recommendations of
the Task Force, including appended notes and case exam-
ples explaining the reasons for these recommendations and
occasional dissenting views. In December of 2013, the
ILAE Executive Committee adopted the recommendations
as a position of the ILAE.

Why alter the definition of epilepsy? Doing so might
cause confusion among patients who could be left uncertain
as to whether they have or do not have epilepsy. Epidemiol-
ogists and other researchers would need to decide whether
to use the new or old definition and how this might affect
trends and comparisons. Rules and regulations might have
to be changed. Arrayed against these potential negatives are
positive aspects to reevaluation of the definition. The cur-
rent definition requires two unprovoked seizures occurring
at least 24 h apart.> Some epileptologists recognize and feel
aneed to address circumstances with high risk for future sei-
zures after a first unprovoked seizure. For example, one
Delphic study group in Spain® voted with high consensus in
favor of treatment in five of seven hypothetical scenarios
after a first seizure. A decision for treatment does not neces-
sarily equate to a diagnosis of epilepsy, but it can be taken
as a marker for belief in a strong enduring predisposition for
further seizures. Conversely, a diagnosis of epilepsy does
not necessarily require treatment. The current definition
does not allow a patient to outgrow epilepsy, yet many older
individuals have all but forgotten their two childhood sei-
zures. A definition should conform to how clinicians and
patients think, and usefully merge with other individual con-
siderations in helping to make treatment decisions.

PRACTICAL CLINICAL DEFINITION OF
EPILEPSY
Conceptually, epilepsy exists after at least one unpro-

voked seizure, when there is high risk for another, although
the actual required risk is subject to debate. After a single

Table I. Conceptual definition of seizure and epilepsy —
2005 report

An epileptic seizure is a transient occurrence of signs and/or
symptoms due to abnormal excessive or synchronous neuronal
activity in the brain.

Epilepsy is a disorder of the brain characterized by an enduring
predisposition to generate epileptic seizures, and by the
neurobiologic, cognitive, psychological, and social consequences
of this condition. The definition of epilepsy requires the
occurrence of at least one epileptic seizure.

Epilepsia, 55(4):475-482,2014
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unprovoked seizure, risk for another is 40-52%.* With two
unprovoked nonfebrile seizures, the chance by 4 years of
having another is 73%, with a 95% confidence interval (CI)
of 59-87%, subsequently herein portrayed as approximately
60-90%.

The “two unprovoked seizure” definition of epilepsy has
served us well, but it is inadequate in some clinical circum-
stances. A patient might present with a single unprovoked
seizure after a remote brain insult, such as a stroke, central
nervous system (CNS) infection, or trauma. A patient with
such brain insults has a risk of a second unprovoked seizure
that is comparable to the risk for further seizures after two
unprovoked seizures.® When two individuals with a history
of at least one unprovoked seizure have the same high risk
for having another, an argument can be made that both have
epilepsy. Under limits of the current definition, another
patient might have photosensitive epilepsy, yet not be con-
sidered to have epilepsy because the seizures are provoked
by lights. Another might be free of seizures and seizure
medications for 50 years, yet still have epilepsy. In order to
bring the practical (operational) clinical definition of epi-
lepsy into concordance with how epileptologists think about
epilepsy, the ILAE Task Force recommends broadening the
definition of epilepsy to include the circumstances enumer-
ated in Table 2. The Task Force also added a time limit to
the definition.

Several elements of this definition require clarification.

Disease

Epilepsy has traditionally been referred to as a disorder or
a family of disorders, rather than a disease, to emphasize
that it is comprised of many different diseases and condi-
tions. The term disorder implies a functional disturbance,
not necessarily lasting; whereas, the term disease may (but
not always) convey a more lasting derangement of normal
function. Many heterogeneous health problems, for exam-
ple, cancer or diabetes, comprise numerous subdisorders
and are still considered to be diseases. The term “disorder”
is poorly understood by the public and minimizes the seri-
ous nature of epilepsy. The ILAE and the International
Bureau for Epilepsy (IBE) have recently agreed that epi-
lepsy is best considered to be a disease.

Two unprovoked seizures

Epilepsy exists in a patient who has had a seizure and
whose brain, for whatever reason, demonstrates a patho-
logic and enduring tendency to have recurrent seizures. This
tendency can be imagined as a pathologic lowering of the
seizure threshold, when compared to persons without the
condition. Table 2, item 1, represents the current commonly
employed definition of epilepsy as at least two unprovoked
seizures occurring >24 h apart. A seizure that is provoked
by a transient factor acting on an otherwise normal brain to
temporarily lower the seizure threshold does not count
toward a diagnosis of epilepsy. The term “provoked sei-
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Table 2. Operational (practical) clinical definition of epilepsy

Epilepsy is a disease of the brain defined by any of the following conditions

|. At least two unprovoked (or reflex) seizures occurring >24 h apart

unprovoked seizures, occurring over the next 10 years
3. Diagnosis of an epilepsy syndrome

2. One unprovoked (or reflex) seizure and a probability of further seizures similar to the general recurrence risk (at least 60%) after two

Epilepsy is considered to be resolved for individuals who had an age-dependent epilepsy syndrome but are now past the applicable age or those who
have remained seizure-free for the last |0 years, with no seizure medicines for the last 5 years.

zure” can be considered as being synonymous with a “reac-
tive seizure” or an “acute symptomatic seizure.”’ Etiology
should not be confused with provocative factors, as some
etiologies will produce an enduring tendency to have sei-
zures. A brain tumor, for example, might cause a person to
have an epileptic seizure, but not as a transient insult.

The condition of recurrent reflex seizures, for instance in
response to photic stimuli, represents provoked seizures that
are defined as epilepsy. Even though the seizures are pro-
voked,® the tendency to respond repeatedly to such stimuli
with seizures meets the conceptual definition of epilepsy, in
that reflex epilepsies are associated with an enduring abnor-
mal predisposition to have such seizures.

A seizure after a concussion, with fever, or in association
with alcohol-withdrawal, each would exemplify a provoked
seizure that would not lead to a diagnosis of epilepsy. The
term ‘“‘unprovoked” implies absence of a temporary or
reversible factor lowering the threshold and producing a sei-
zure at that point in time. Unprovoked is, however, an
imprecise term because we can never be sure that there was
no provocative factor. Conversely, identification of a pro-
vocative factor does not necessarily contradict the presence
of an enduring epileptogenic abnormality. In an individual
with an enduring predisposition to have seizures, a border-
line provocation might trigger a seizure, whereas in a non-
predisposed individual, it might not. The Definitions Task
Force recognizes the imprecise borders of provoked and
unprovoked seizures, but defers discussion to another
venue.

High recurrence risk

Table 2, item 2 defines another path for diagnosing epi-
lepsy. Its intent is to encompass circumstances for which
some practitioners9 and expert epileptologists® manage
patients as if epilepsy is present after a single unprovoked
seizure, because of a very high risk of recurrence. Such
examples may include patients with a single seizure occur-
ring at least a month after a stroke (Hesdorffer et al. 2009)°
or a child with a single seizure conjoined with a structural or
remote symptomatic etiology and an epileptiform electroen-
cephalography (EEG) study.'® Another example is a patient
in whom diagnosis of a specific epilepsy syndrome associ-
ated with persistent threshold alteration can be made after
the occurrence of a single seizure. A first seizure might pres-

ent as status epilepticus,' "' but this does not in itself imply
epilepsy. Recurrence risks are not known for the majority of
individual cases. However, if a treating physician is aware
that the lesion has generated an enduring predisposition for
unprovoked seizures with a risk comparable to those who
have had two unprovoked seizures (which we all agree is
epilepsy), then that person too should be considered to have
epilepsy. Choosing a specific threshold risk number might
be excessively precise, but for general comparison, this risk
is about 60-90% after two unprovoked seizures.' A thresh-
old level of 60% appropriately exceeds the 50% level of
recurrence risk found at 5 years after a single seizure in the
United Kingdom multicentre study of early epilepsy and
single seizures (MESS) study.13

It is important to note that a single seizure plus a lesion or
a single seizure plus epileptiform EEG spikes does not auto-
matically satisfy criteria for this operational definition of
epilepsy, because data may vary among different studies
and specific clinical circumstances. In the Dutch Epilepsy
Study,' children with epileptiform EEG patterns after their
first seizure had a 2-year risk for recurrence of 71%, but in
the study by Shinnar et al.,'? children with a first idiopathic
seizure and abnormal EEG patterns had recurrence risk of
56% at 3 years. No formula can be applied for additive
risks, since data are lacking on how such risks combine;
such cases will have to be decided by individualized consid-
erations. Recurrence risk is a function of time, such that the
longer the time since the last seizure, the lower the risk. 14

The revised definition places no burden on the treating
physician to specify recurrence risk in a particular circum-
stance. In the absence of clear information about recurrence
risk, or even knowledge of such information, the default
definition of epilepsy originates at the second unprovoked
seizure. On the other hand, if information is available to
indicate that risk for a second seizure exceeds that which is
usually considered to be epilepsy (about 60%), then epi-
lepsy can be considered to be present.

Epilepsy syndrome

It makes little sense to say that someone has an epilepsy
syndrome'” but not epilepsy. If evidence exists for an epilepsy
syndrome, then epilepsy may be presumed to be present,
even if the risk of subsequent seizures is low. This is the case
with benign epilepsy with centro-temporal spikes (BECTS).

Epilepsia, 55(4):475-482,2014
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Exceptional syndromic cases may exist in which obvious
behavioral seizures may not occur at all, as can be the case
with continuous spike and waves during sleep and the Lan-
dau-Kleffner Syndrome.'®

Implications for treatment

Diagnosing epilepsy after a single unprovoked seizure
when there is high risk for recurrence may or may not lead
to a decision to initiate treatment. The proposed practical
definition may provide support to a physician who wishes to
treat a patient with high recurrence risk after a single unpro-
voked seizure. However, a treatment decision is distinct
from a diagnosis, and should be individualized depending
upon the desires of the patient, the individual risk-benefit
ratio and the available options. The physician should weigh
the possible avoidance of a second seizure with associated
risks against the risk for drug-related side effects and costs
for the patients.

To be clear, the diagnosis of epilepsy and a decision to
treat are two related but different issues. Many epileptolo-
gists treat for a time after an acute symptomatic seizure (for
example, with Herpes encephalitis), with no implication of
epilepsy. In contrast, patients with mild seizures, with sei-
zures at very long intervals, or those declining therapy
might go untreated even when a diagnosis of epilepsy is
beyond dispute.

Unprovoked seizures separated in time

The time span between two unprovoked seizures that
together qualify as epilepsy is subject to ambiguity. Seizures
clustering within 24 h confer approximately the same risk
for later seizures as does a single seizure.'” The Task Force
retained the current thinking that unprovoked seizures clus-
tering in a 24 h period be considered to be a single unpro-
voked seizure for purposes of predicting recurrence risk.

Some authorities'” consider epilepsy to be present, but in
remission, after 5 years of seizure freedom. However, the
definition of epilepsy does not specify an outer time limit
for occurrence of the second unprovoked seizure to mark
the onset of epilepsy. Therefore, epilepsy could be consid-
ered present if an unprovoked seizure occurred at age 1 and
at age 80, a condition sometimes referred to as oligoepilep-
sy.'® The Task Force acknowledges that, in such circum-
stances, the causes of the seizures occurring at the two time
points might be different, and if so then epilepsy would not
be present.II Otherwise, the Task Force did not agree on a
specific interval of time between seizures that would “reset
the clock” for counting an event as a second seizure. A ratio-
nale for setting such an interval might emerge from future
research.

Epilepsy resolved

Is epilepsy, once diagnosed, always present? The tradi-
tional definition does not allow for its disappearance.
Should a person who has been seizure-free and off medica-

Epilepsia, 55(4):475-482,2014
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tion for decades after absence seizures as a child still be con-
sidered to have epilepsy? Likewise, are patients with mesial
temporal lobe epilepsy who have been seizure-free off med-
ications for 10 years after resection of their hippocampal
sclerosis considered to still have epilepsy? Seizure freedom
for long intervals of time can result from one of several dif-
ferent underlying circumstances and treatments. An abnor-
mal tendency to have unprovoked seizures may remain, but
the seizures are successfully controlled by therapy. Children
can outgrow their epilepsy, as with BECTS. Some persons
might have had a definitive treatment, such as brain surgery,
rendering them permanently seizure-free.

The Task Force sought a definition that would allow a
possible end to the burden of having epilepsy. Medical liter-
ature uses the term “remission” to imply an abeyance of a
disease, but this term is not well-understood by the public,
and remission does not convey absence of the disease.
“Cure” implies a risk for future seizures no greater than that
of the baseline unaffected population, but after a history of
epilepsy such a low risk is never achieved. The Task Force
therefore adopted the phrase “resolved.”™ When epilepsy is
resolved, it implies that the person no longer has epilepsy,
although it does not guarantee that it will not return.

What time intervals and circumstances should character-
ize resolved epilepsy?'Y Recurrence risk depends on the
type of epilepsy, age, syndrome, etiology, treatment, and
many other factors. Juvenile myoclonic epilepsy is known
to be subject to an elevated risk of seizures for several dec-
ades,'® but remissions do still occur. Structural brain
lesions, such as malformations of cortical development,*
may elevate risk of seizures long term. Seizures may recur
at variable intervals after remission due to removal of an
epileptogenic lesion, such as a cavernous malformation.>' A
study®? of 347 children achieving at least 5-year “complete
remission” including at least 5-years free of antiseizure
drugs identified late seizure relapses in 6%. One occurred as
long as 8 years after the prior seizure. Data were not given
for those remaining free of seizures after a 10-year complete
remission, but the number would be <6%. After temporal
lobe epilepsy surgery,”® 54.2% of patients relapse within
6 months; whereas, only 1.9% relapse 4 years after surgery.
Similar results were seen in another study,?* with only 0.6%
having seizures in the last year of follow-up, provided that
they had been seizure-free for 3 years after surgery.

The risk of seizure recurrence after unprovoked seizures
diminishes with time, although the risk may never reach lev-
els for normal individuals who have not had a prior seizure.
Most relapses are early. After a single unprovoked seizure,
80%"*'7 to 90% of those who had a second did so within
2 years. In one study,’ after a second unprovoked seizure,
subsequent seizures occurred within 4 years, but none in the
ensuing 3 years, suggesting that the risk may not be zero but
is low. The National General Practice Study of Epilepsy in the
United Kingdom'* identified a 3-year recurrence risk of 44%
after a seizure-free period of 6 months, 32% after 12 months,
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and 17% after 18 months. No adequate data are available on
seizure recurrence risk after being seizure-free and off medi-
cation for extended periods of time. Delayed relapses are rare
after 5 years.”® By 10 years off antiseizure medicines, the
annual risk for seizures probably is very low.*”

Clinicians will have to individualize a determination of
whether epilepsy is resolved. The Task Force chose to
define epilepsy as being resolved for individuals who had an
age-dependent epilepsy syndrome but are now past the
applicable age or those who have remained seizure-free for
the last 10 years, with no seizure medicines for the last
5 years. Delineation of circumstances in which epilepsy is
definitively cured is beyond the scope of this paper.

Imperfect information

From the clinician’s perspective, the new practical defini-
tion linking epilepsy to a predefined probability of seizure
recurrence brings greater clarity and clinical relevance to
the diagnostic process. However, optimal application of
this definition often requires specialized diagnostic and
interpretative skills—specifically, in assessing recurrence
risks, or in diagnosing syndromes—which may not be
broadly available in all settings, particularly at the primary
care level. Even more important is the inevitable uncertainty
in many situations about the potential epileptogenicity of an
magnetic resonance imaging (MRI)-demonstrated lesion.
For instance, one or more brain cysts in an individual with
neurocysticercosis>® may be incidental findings with no epi-
leptogenic activity in a particular individual. Risk does not
equate with causation. When in doubt, practitioners should
consider referring a patient to a specialized epilepsy center
with experience in diagnosis.

In the absence of a seizure documented by video-EEG
recording and typical for a person’s recurrent unprovoked
seizures, there will be situations where a diagnosis of epi-
lepsy remains uncertain. One approach to these ambiguities
would be to define a condition called “probable (or possible)
epilepsy.”"" Such an approach has been adopted with other
diseases, such as multiple sclerosis with the McDonald cri-
teria,”” amyotrophic lateral sclerosis with the El Escorial
criteria,30 rniglraine,31 and vascular dementia.>?> The ILAE
Task Force recognized the subtle, but important, difference
between telling a patient that “you have probable epilepsy”
versus “you probably have epilepsy.” In the absence of
secure information, the latter statement, or another state-
ment simply expressing uncertainty, seemed a more
straightforward assertion. Therefore, the Task Force has not
defined probable epilepsy as a specific entity, but has left
that possibility open for the future.

CONSEQUENCES OF THE PRACTICAL
DEFINITION

Definitions have consequences. From the viewpoint of
the patient, epilepsy is associated with stigma and psycho-

logical, social, cognitive, and economic repercussions so
important as to be built into the conceptual definition of epi-
lepsy.' The new practical definition could improve outcomes
by sensitizing clinicians about the need to give greater con-
sideration to the risk of recurrence after a single unprovoked
seizure, and making the clinicians more comfortable in initi-
ating treatment after some initial unprovoked seizures. This
must be individualized, since a diagnosis of epilepsy does not
necessarily require prescription of an antiseizure drug, and
treatment might be justified in some patients for whom a
definitive diagnosis of epilepsy has not been made. A practi-
cal definition allowing earlier diagnosis will be especially
useful for prevention of unnecessary risks of physical inju-
ries or social consequences resulting from recurrent seizures
in patients deemed to be susceptible to a high risk for recur-
rence. The revised definition also provides an expanded
opportunity for disease-modifying interventions that pre-
vent the progression of epilepsy and onset of comorbidities.

How revision of the definition of epilepsy will affect the
measured prevalence of epilepsy is unpredictable. Future
epidemiologic studies may choose to use the older opera-
tional definition for consistency. If the revised definition is
used, some patients previously considered to have epilepsy
will no longer carry an epilepsy diagnosis because of the
provisions for epilepsy being resolved. Other individuals
who meet the “single seizure with high risk for another” cri-
teria might be added to the epilepsy group.

The definition of epilepsy will affect diagnosis and treat-
ment in both resource-rich and resource-poor societies. The
Task Force has been careful to define epilepsy in a way that
can be applied in general with or without expensive technol-
ogy that may not be universally available.

The correct diagnosis of epilepsy in people who might
not have been diagnosed previously may have both negative
and positive consequences. For example, economic conse-
quences might include reimbursement by a national health
service for medications whose cost otherwise would have to
be covered by the affected person. On the other hand, many
people with epilepsy have difficulty in obtaining life or
medical insurance. Some cannot purchase a first home with-
out a life insurance policy secured at the time of home pur-
chase. Stigma could profoundly affect some people not
previously considered to have epilepsy, with serious and
misguided consequences such as loss of access to education
or marriage bans. Allowing epilepsy to be declared
“resolved” may lift the stigma from some who should no
longer be considered to have epilepsy. Positive economic
and health consequences will accrue when more accurate
diagnosis results in appropriate preventative treatment
before a second seizure occurs.

People with reflex epilepsies previously have been disen-
franchised by the requirement that seizures be unprovoked.
The inclusion of reflex epilepsy syndromes in a practical
clinical definition of epilepsy now brings these individuals
into the epilepsy community.

Epilepsia, 55(4):475-482,2014
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The revised practical definition described in this report is
intended for clinical diagnosis, and might not be suitable for
all research studies. Different operational definitions will be
used depending on specific purposes, and comparisons
could still be made using the traditional “two-unprovoked-
seizure” definition of epilepsy whenever appropriate. Inves-
tigators must clearly identify the definition used in any
study or publication.

A revised definition has implications for legislation and
health economics. Regulations affecting individual life
activities, such as driving restrictions, relate more to seizure
frequency or to risk of seizure recurrence than to a diagnosis
of epilepsy, but this is not always the case. In some countries
a diagnosis of epilepsy per se limits the period of validity of
a driving permit, or the type of permit that can be acquired.
Guidelines about participation in certain sports may stipu-
late restrictions for people with a diagnosis of epilepsy, irre-
spective of seizure history. Insurance coverage and social
benefits might also be affected by the diagnostic label. To
the extent that a revised practical definition might affect the
number of people diagnosed with epilepsy, there could be
cost repercussions for the individual and for the society.
Costs to society may not necessarily be higher, however,
particularly if the new operational diagnosis codifies the
current approach of epileptologists and leads to improved
management of individuals who are likely or unlikely to
have future seizures.

CONCLUSION

Epilepsy previously has been defined as at least two
unprovoked seizures >24 h apart. The revised practical defi-
nition implies that epilepsy also can be considered to be
present after one unprovoked seizure in individuals who
have other factors that are associated with a high likelihood
of a persistently lowered seizure threshold and therefore a
high recurrence risk. Such risk should be equivalent to the
recurrence risk of a third seizure in those with two unpro-
voked seizures, approximately at least 60%. The latter risk
level occurs with remote structural lesions, such as stroke,
CNS infection, certain types of traumatic brain injury, diag-
nosis of a specific epilepsy syndrome, or in some circum-
stances with the presence of other risk factors. Those with
recurrent reflex seizures, for example, photosensitive sei-
zures, are also considered to have epilepsy. This definition
of epilepsy brings the term in concordance with common
use by most epileptologists."" Epilepsy is not necessarily
life-long, and is considered to be resolved if a person has
been seizure-free for the last 10 years, with at least the last
5 year off antiseizure medicines, or when that person has
passed the age of an age-dependent epilepsy syndrome. The
new definition is more complicated than is the old defini-
tion. Studies providing detailed knowledge of seizure recur-
rence risk are few, so most diagnoses of epilepsy will of
necessity still be made by documentation of two unpro-
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voked seizures. As more knowledge of recurrence risks is
accrued for specific etiologies, application of the epilepsy
definitions will become more precise and more useful.

Case ExampLEs ™!

1. Two seizures. A 25-year-old woman has two unpro-
voked seizures, 1 year apart. Comment: This person has
epilepsy, according to both the old and new definitions.

2. Stroke and seizure. A 65-year-old man had a left
middle cerebral artery stroke 6 weeks ago and now
presented with an unprovoked seizure. Comment: With
a seizure in this time relation to a stroke (or brain
infection or brain trauma) the literature® suggests a
high (>70%) risk of another unprovoked seizure.
Therefore, in the new (but not the old) definition, this
man would have epilepsy.

3. Photic seizures. A 6-year-old boy has had two seizures
3 days apart while playing a videogame involving flash-
ing lights. There have been no other seizures. EEG
shows an abnormal photoparoxysmal response. Com-
ment: This boy has epilepsy according to the new defini-
tion (but not the old), even though the seizures are

provoked by lights, since there is an abnormal enduring
predisposition to have seizures with light flashes.

4. Benign Epilepsy with Centrotemporal Spikes (BECTS).

A 22-year-old man had seizures with face twitching
when falling asleep at ages 9, 10, and 14 years; he has
had none since. EEG at age 9 years demonstrated cen-
trotemporal spikes. Medications were discontinued at
age 16. Comment: For this young man, epilepsy is
resolved, because of passing the relevant age range of an
age-dependent syndrome. The old definition has no pro-
vision for considering epilepsy to be resolved.

5. Single seizure and dysplasia. A 40-year-old man had a
focal seizure characterized by left hand twitching that
progressed to a tonic—clonic seizure. This was his only
seizure. Magnetic resonance imaging (MRI) shows a
probable transmantle dysplasia in the right frontal lobe
and EEG shows right frontotemporal interictal spikes.
Comment: Although many clinicians would reasonably
treat this man with antiseizure medications, the recur-
rence risk for seizures is not precisely known, and there-
fore epilepsy cannot yet be said to be present according
to either definition. Future epidemiologic studies might
clarify this situation.

6. Two seizures long ago. An 85-year-old man had a focal
seizure at age 6 and another at age 8 years. EEG, MRI,
blood tests, and family history were all unrevealing. He
received antiseizure drugs from age 8 to age 10 years,
when they were discontinued. There have been no fur-
ther seizures. Comment: According to the new defini-
tion, epilepsy is resolved, since he has been seizure-free
for >10 years and off seizure medication for at least the
last 5 years. This is not a guarantee against future
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seizures, but he has a right to be viewed as someone who
does not currently have epilepsy.

7. Long-interval seizures. A 70-year-old woman had
unprovoked seizures at ages 15 and 70. EEG, MRI, and
family history are unremarkable. Comment: Both old
and new definitions consider this woman to have epi-
lepsy. Despite the diagnosis, many clinicians would not
treat because of the low frequency of seizures. Should
investigations somehow show that the causes of the
two seizures were different, then epilepsy would not be
considered to be present.

8. Questionable information. A 20-year-old man has had
three unobserved episodes over 6 months consisting of
sudden fear, difficulty talking, and a need to walk
around. He is not aware of any memory loss during the
episodes. There are no other symptoms. He has no risk
factors for epilepsy and no prior known seizures. Rou-
tine EEG and MRI are normal. Comment: Declaring this
man to have epilepsy is impossible by either the old or
new definition. Focal seizures are on the differential
diagnosis of his episodes, but both definitions of epi-
lepsy require confidence that the person has had at least
one seizure, rather than one of the imitators of seizures.
Future discussions may define the boundaries of “possi-
ble and probable epilepsy.”
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Notes

1. Specifying a level of risk for recurrence to quantify the concept of
“enduring predisposition” was difficult for the Task Force. All agreed that
an individual with two unprovoked seizures had epilepsy. The risk for a
third seizure in such an individual is about 3 in 4, but the 95% confidence
intervals are about 60-90%. Therefore, the Task Force agreed that an
individual having a similar risk after one unprovoked seizure should
logically be considered also to have epilepsy. The number >60% is intended
to be an approximate guideline, rather than a sharp cutoff.

II. Some suggested a time limit within which the two spontaneous seizures
must occur to diagnose epilepsy. In the absence of consensus and evidence
on which to base a specific time, lifetime occurrence was retained as the
default.

III. The motivation for this aspect of the definition was twofold. First,
many clinicians, patients, and families consider epilepsy to be in the past
when seizures no longer occur and no antiseizure medications are
employed. Second, the Task Force desired to remove lasting stigma associ-
ated with a lifetime diagnosis of epilepsy. Other terms considered included
remission, terminal remission, complete remission, inactive epilepsy,
epilepsy absent, epilepsy not present, epilepsy no longer present, and cure.
Many of these did not convey the concept that epilepsy was gone. Cure
implied complete success of some treatment or passage of time, such that
risk was that of the baseline population.

IV. Evidence to guide a specific required seizure-free number of years is
limited, and existing risk functions show a continuous decline over time,
rather than a natural breakpoint. Some argued for 5 years, but as many as
5% annually may have a seizure after a 5-year seizure-free interval. Being
seizure-free for the most recent 10 years and off medications for the most
recent 5 years predicts future freedom from seizures in a high percentage of
cases.

V. Although evidence exists for a (low) relapse rate after 5 years of seizure
freedom, no evidence was available at time of writing for relapse rates after
being seizure-free for 10 years, which therefore was selected to be a time
longer than 5 years, for which relapse rate would be consider likely very
low.

VI. Whether to define a condition called “probable epilepsy,” “possible
epilepsy,” or both, generated the most debate in the deliberations, and
ultimately the issue was settled by majority view rather than full consen-
sus. Probable epilepsy was considered for two different circumstances:
the first in which one seizure had occurred and risks were high but not
very high for having another. The second circumstance encompassed
limited information in cases that seemed to be epilepsy, but reliable sei-
zure descriptions or other key data were lacking. Allowing a diagnosis of
probable epilepsy in the second circumstance could harmfully short-cut
necessary diagnostics to clarify the diagnosis. The Task Force did see
value in defining probable epilepsy, but believed that extensive future
consideration would be needed in order to make its definition operation-
ally consistent and useful.

VII. An earlier draft of the manuscript was posted for comments on the
ILAE website. A total of 315 comments, some very extensive, were
received. The majority of opinions were positive, but there also were
some very thoughtful and strongly felt disagreements. It was considered

»
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unreasonable to place a burden on a treating physician for knowing the
precise risk for a subsequent seizure. The authors agreed with this
criticism. Many commenters were for and many others against calling
epilepsy a disease, rather than a disorder. This decision was comman-
deered by the respective IBE and ILAE Executive Committees in favor
of the term “disease.” The phrase “no longer present” was not embraced
by those responding to comments, and it was changed to “resolved.”
Many commenters wished for epilepsy to be resolved at 5 years of sei-
zure freedom, on or off antiseizure drugs. The Task Force wanted
resolved to mean a risk sufficiently low that epilepsy could be put aside,
and achieving that requires a more stringent time interval, so we settled
on 10 years of seizure freedom, 5 years off medicines. Several comment-
ers wanted to eliminate the slippery concept of provoked versus unpro-
voked seizures. Such a change would have been quite fundamental,
altering our view of acute symptomatic seizures, now comprising 40% of
all seizures. We left that discussion for another venue. In general, the
authors believed that the “wisdom of the crowd” strengthened and clari-
fied the arguments and, more importantly, moved the definition closer to
how working clinicians think of epilepsy.

VIII. These examples were presented on June 24, 2013, to the audience
of the ILAE Congress Presidential symposium, with >1,000 epileptolo-
gists in attendance. Audience votes on whether epilepsy was present in
these cases correlated very strongly with the terms of the revised defini-
tion. Although not a scientifically valid survey, the responses indicated
that epileptologists thought of epilepsy in ways consistent with the
revised definition.
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SUMMARY

This companion paper to the introduction of the International League Against Epilepsy
(ILAE) 2017 classification of seizure types provides guidance on how to employ the
classification. lllustration of the classification is enacted by tables, a glossary of relevant
terms, mapping of old to new terms, suggested abbreviations, and examples. Basic and
extended versions of the classification are available, depending on the desired degree
of detail. Key signs and symptoms of seizures (semiology) are used as a basis for cate-
gories of seizures that are focal or generalized from onset or with unknown onset. Any
focal seizure can further be optionally characterized by whether awareness is retained
or impaired. Impaired awareness during any segment of the seizure renders it a focal
impaired awareness seizure. Focal seizures are further optionally characterized by
motor onset signs and symptoms: atonic, automatisms, clonic, epileptic spasms, or
hyperkinetic, myoclonic, or tonic activity. Nonmotor-onset seizures can manifest as
autonomic, behavior arrest, cognitive, emotional, or sensory dysfunction. The earliest
prominent manifestation defines the seizure type, which might then progress to other
signs and symptoms. Focal seizures can become bilateral tonic—clonic. Generalized sei-
zures engage bilateral networks from onset. Generalized motor seizure characteristics
comprise atonic, clonic, epileptic spasms, myoclonic, myoclonic-atonic, myoclonic—
tonic—clonic, tonic, or tonic—clonic. Nonmotor (absence) seizures are typical or atypi-
cal, or seizures that present prominent myoclonic activity or eyelid myoclonia. Sei-
zures of unknown onset may have features that can still be classified as motor,
nonmotor, tonic—clonic, epileptic spasms, or behavior arrest. This ‘“users’ manual” for
the ILAE 2017 seizure classification will assist the adoption of the new system.
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KEY POINTS

The ILAE provided a revised basic and expanded sei-

zure type classification, with initial division into focal

versus generalized onset or unknown onset seizures

e Focal seizures are optionally subdivided into focal
aware and focal impaired awareness seizures. Specific
motor and nonmotor classifiers may be added

¢ Generalized-onset seizures can be motor: tonic—clo-
nic, clonic, tonic, myoclonic, myoclonic—tonic—clo-
nic, myoclonic—atonic, atonic, and epileptic spasms

e Generalized-onset seizures can also be nonmotor (ab-
sence): typical absence, atypical absence, myoclonic
absence, or absence with eyelid myoclonia

¢ Additional descriptors and free text are encouraged to

characterize the seizures. Mapping of old to new terms

can facilitate adoption of the new terminology

The International League Against Epilepsy (ILAE) has
released a 2017 version of seizure-type classification (ac-
companying manuscript). Revision of the classification that
has been used in modified form since 1981' was motivated
by several factors. Some seizure types, for example tonic
seizures or epileptic spasms, can have either a focal or gen-
eralized onset. Lack of knowledge about the onset makes a
seizure unclassifiable. Some terms used to classify seizures
lack community acceptance or public understanding,
including “dyscognitive,” “psychic,” “partial,” “simple par-
tial,” and “complex partial.” Determining whether a person
has impaired consciousness during a seizure can be confus-
ing for nonclinicians. Some important seizure types are not
included in the 1981 classification. The new classification
addresses these relevant issues. Material that follows
explains how to apply the 2017 seizure-type classification.

LEINT3

METHODS

Classification of a seizure begins with historical elicita-
tion or observation of certain symptoms and signs (some-
times referred to as the semiology of seizures) that are
known to be associated with common seizures. The key
symptoms and signs cannot be matched in one-to-one rela-
tionships with seizure types because some symptoms appear
in more than one seizure type. Behavior arrest, for example,
occurs in both focal impaired awareness seizures and
absence seizures. Tonic—clonic activity can be present from
onset in a generalized seizure or emerge in the course of a
focal-onset seizure. Conversely, a seizure type often associ-
ates with multiple symptoms. Naming a seizure type an “au-
tomatism seizure” would not allow the distinction between
a focal seizure with impaired awareness and an absence sei-
zure. Because these two seizure types are treated differently

Epilepsia, 58(4):531-542,2017
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and have different prognoses, maintenance of distinct sei-
zure types is useful, even though some interpretation
beyond direct observation may be needed to classify the sei-
zures. Distinction of seizure types usually can be made by
recognizing a characteristic sequence of symptoms and
other clinical observations. Typical absence seizures, for
instance, show more rapid recovery of function than do
focal impaired awareness seizures. In some instances, ancil-
lary information from electroencephalography (EEG),
imaging, or laboratory studies is needed to properly classify
a seizure. For these cases, classification of seizure type
begins to merge imperceptibly with diagnosis of epilepsy
syndromes.z’3 Because we lack a fundamental pathophysio-
logic understanding of differing seizure presentations,
grouping of symptoms and signs into seizure types reflects
an operational opinion about which groupings are suffi-
ciently distinct and common as to merit a specific name.*
This classification is derived for practical clinical use, but it
also can be used by researchers and other groups with speci-
fic purposes.

RESULTS

The ILAE 2017 seizure classification presents basic and
expanded versions, depending on the desired degree of
detail. The basic version is the same as the expanded ver-
sion, but with collapse of the subcategories.

Basic classification

Figure 1 shows the basic classification. Seizures are first
categorized by type of onset. Focal-onset seizures are
defined as “originating within networks limited to one
hemisphere. They may be discretely localized or more
widely distributed. Focal seizures may originate in subcorti-
cal structures.” Generalized from onset seizures are defined
as “originating at some point within, and rapidly engaging,
bilaterally distributed networks.” A seizure of unknown
onset may still evidence certain defining motor (e.g., tonic—
clonic) or nonmotor (e.g., behavior arrest) characteristics.
With further information or future observed seizures, a
reclassification of unknown-onset seizures into focal or gen-
eralized-onset categories may become possible. Therefore,
“unknown-onset” is not a characteristic of the seizure, but a
convenient placeholder for our ignorance. When a seizure
type begins with the words “focal,” “generalized,” or “ab-
sence,” then the word “onset” may be presumed.

Further classification is optional. The next level of focal
seizure classification is by level of awareness. Awareness is
operationally defined as knowledge of self and environ-
ment. Assay of awareness is a pragmatic surrogate marker
used to determine whether level of consciousness is
impaired. During a focal aware seizure, consciousness will
be intact. Awareness specifically refers to awareness during
a seizure, and not to awareness of whether a seizure has



533

ILAE 2017 Seizure Classification Manual

ILAE 2017 Classification of Seizure Types Basic Version !

Focal Onset

] [Generalized Onset ‘ [ Unknown Onset J

Impaired
Awareness

Aware Motor

Tonic-clonic
Other motor
Nonmotor (Absence)

Motor

Tonic-clonic
Other motor

Nonmotor

Nonmotor Onset

[
l
{ Motor Onset
[

focal to bilateral tonic—clonic]

Figure 1.

[ Unclassified 2

The basic ILAE 2017 operational classification of seizure types. 'Definitions, other seizure types, and descriptors are listed in the accom-
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occurred. If awareness of the event is impaired for any por-
tion of the seizure, then the seizure is classified as a focal
seizure with impaired awareness. As a practical matter, a
focal aware seizure implies the ability of the person having
the seizure to later verify retained awareness. Occasional
seizures may produce transient epileptic amnesia® with
retained awareness, but classification of such seizures
would require exceptionally clear documentation by obser-
vers. Some might use the shorthand “focal unaware.” In
doing so, it is crucial to note that awareness may be
impaired without being fully absent. Word order is not
important, so “focal aware seizure” means the same thing as
a “focal seizure with retained awareness.”

Responsiveness is a separate clinical attribute that can be
either intact or impaired for seizures with or without
retained awareness. Although responsiveness is an impor-
tant descriptive aspect of seizures, it is not used in the ILAE
2017 classification to designate specific seizure types. The
basic classification further allows classification into motor
onset or nonmotor-onset (for example, sensory) symptoms.
Further specification invokes the expanded classification,
discussed below.

The seizure type “focal to bilateral tonic—clonic” is in a
special category because of its common occurrence and
importance, even though it is reflective of a propagation pat-
tern of seizure activity rather than a unique seizure type.
The phrase “focal to bilateral tonic—clonic” replaces the
older term “secondarily generalized tonic—clonic.” In the
new classification, “bilateral” is used for propagation pat-
terns of seizures and “generalized” for seizures of general-
ized onset.

Generalized-onset seizures are divided into motor and
nonmotor (absence) seizures. Level of awareness is not used
as a classifier for generalized seizures, since the large
majority (although not all) of generalized seizures are asso-
ciated with impaired awareness. By definition of the gener-
alized branch of the classification, motor activity should be

bilateral from the onset, but in the basic classification, the
type of motor activity need not be specified. In cases where
bilateral onset of motor activity is asymmetrical, it may be
difficult in practice to determine whether a seizure has focal
or generalized onset.

Absence seizures (the prefix “generalized onset” may be
assumed) present with a sudden cessation of activity and
awareness. Absence seizures tend to occur in younger age
groups, have more sudden start and termination, and they
usually display less complex automatisms than do focal sei-
zures with impaired awareness, but the distinctions are not
absolute. EEG information may be required for accurate
classification. Focal epileptiform activity may be seen with
focal seizures and bilaterally synchronous spike-waves with
absence seizures.

Seizures of unknown onset can be categorized as motor,
including tonic—clonic, nonmotor, or unclassified. The term
unclassified comprises both seizures with patterns that do
not fit into the other categories or seizures presenting insuf-
ficient information to allow categorization.

Expanded classification

The expanded classification (Fig. 2) provides another
level of seizure names, built on the framework of the basic
classification. The vertical organization of the focal-onset
category is not hierarchical, since naming the level of
awareness is optional. A focal seizure can be classified as
focal aware (corresponding to the 1981 term “simple partial
seizure”) or focal impaired awareness (corresponding to the
1981 term “complex partial seizure”). Focal aware or
impaired awareness seizures can optionally be classified by
adding one of the motor onset or nonmotor-onset terms
below, reflecting the earliest prominent sign or symptom
other than awareness. Alternatively, a focal seizure name
can omit mention of awareness as being inapplicable or
unknown and classify the focal seizure directly by the earli-
est motor or nonmotor characteristic.

Epilepsia, 58(4):531-542,2017
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The expanded ILAE 2017 operational classification of seizure types. The following clarifications should guide the choice of seizure type.
For focal seizures, specification of level of awareness is optional. Retained awareness means the person is aware of self and environment
during the seizure, even if immobile. A focal aware seizure corresponds to the prior term simple partial seizure. A focal impaired aware-
ness seizure corresponds to the prior term complex partial seizure, and impaired awareness during any part of the seizure renders it a
focal impaired awareness seizure. Focal aware or impaired awareness seizures optionally may further be characterized by one of the
motor-onset or nonmotor-onset symptoms below, reflecting the first prominent sign or symptom in the seizure. Seizures should be clas-
sified by the earliest prominent feature, except that a focal behavior arrest seizure is one for which cessation of activity is the dominant
feature throughout the seizure. In addition, a focal seizure name can omit mention of awareness when awareness is not applicable or
unknown, and thereby classify the seizure directly by motor-onset or nonmotor-onset characteristics. Atonic seizures and epileptic
spasms would usually not have specified awareness. Cognitive seizures imply impaired language or other cognitive domains or positive
features such as déja vu, hallucinations, illusions, or perceptual distortions. Emotional seizures involve anxiety, fear, joy, other emotions,
or appearance of affect without subjective emotions. An absence is atypical because of slow onset or termination or significant changes in
tone supported by atypical, slow, generalized spike and wave on the EEG. A seizure may be unclassified due to inadequate information or
inability to place the type in other categories. ' Definitions, other seizure types, and descriptors are listed in the accompanying paper and
glossary of terms. 2Degree of awareness usually is not specified. >Due to inadequate information or inability to place in other categories.
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For focal-onset seizures, the clinician should assay level
of awareness as described for the basic classification. Ask
the patient whether awareness for events occurring during
the seizures was retained or impaired, even when the person
seizing was unresponsive or unable to understand language.
If someone walked into the room during a seizure, would
that person’s presence later be recalled? Questioning wit-
nesses may clarify the nature of behavior during the seizure.
It is important to attempt to distinguish the ictal versus the
postictal state, since awareness returns during the latter. If
the state of awareness is uncertain, as, for example, is usu-
ally the case for atonic or epileptic spasm seizures, the sei-
zure is classified as focal but awareness would not be
specified. Description of level of awareness is optional and
applied only when known. A “focal aware seizure,” with or
without further characterization, corresponds to the old term
“simple partial seizure” and a “focal impaired awareness

Epilepsia, 58(4):531-542,2017
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seizure” corresponds to the old term “complex partial sei-
zure.” Subsequent terms in the focal column of the
expanded classification can further specify the type of focal
aware and focal impaired awareness seizures. Alternatively,
the degree of awareness can be left unspecified and a seizure
classified as a focal seizure with one of the motor onset or
nonmotor-onset characteristics listed in Figure 2.

Focal motor onset behaviors include these activities: ato-
nic (focal loss of tone), tonic (sustained focal stiffening),
clonic (focal rhythmic jerking), myoclonic (irregular, brief
focal jerking), or epileptic spasms (focal flexion or extension
of arms and flexion of trunk). The distinction between clonic
and myoclonic is somewhat arbitrary, but clonic implies sus-
tained, regularly spaced stereotypical jerks, whereas, myo-
clonus is less regular and in briefer runs. Other less
obviously focal motor behaviors include hyperkinetic
(pedaling, thrashing) activity and automatisms. An
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automatism is a more or less coordinated, purposeless, repet-
itive motor activity. Observers should be asked whether the
subject demonstrated repetitive purposeless fragments of
behaviors that might appear normal in other circumstances.
Some automatisms overlap other motor behaviors, for
instance, pedaling or hyperkinetic activity, thereby rendering
classification ambiguous. The 2017 ILAE classification arbi-
trarily groups pedaling activity with hyperkinetic seizures,
rather than with automatism seizures. Automatisms may be
seen in focal seizures and in absence seizures.

A focal motor seizure with behavior arrest involves cessa-
tion of movement and unresponsiveness. Because brief
behavioral arrest at the start of many seizures is common
and difficult to identify, a focal behavioral arrest seizure
should comprise behavioral arrest as the predominant aspect
of the entire seizure. Focal autonomic seizures present with
gastrointestinal sensations, a sense of heat or cold, flushing,
piloerection (goosebumps), palpitations, sexual arousal, res-
piratory changes, or other autonomic effects. Focal cogni-
tive seizures can be identified when the patient reports or
exhibits deficits in language, thinking or associated higher
cortical functions during seizures and when these symptoms
outweigh other manifestations of the seizure. Déja vu,
jamais vu, hallucinations, illusions, and forced thinking are
examples of induced abnormal cognitive phenomena. A
more correct, although less euphonious, term would be “fo-
cal impaired cognition seizure,” but impaired cognition may
be assumed, since seizures never improve cognitive func-
tion. Focal emotional seizures present with emotional
changes, including fear, anxiety, agitation, anger, paranoia,
pleasure, joy, ecstasy, laughing (gelastic), or crying (dacrys-
tic). Some of these phenomena are subjective and must be
recalled and reported by the patient or caregiver. Emotional
symptoms comprise a subjective component, whereas,
affective signs may or may not be accompanied by subjec-
tive emotionality. Impairment of awareness for events dur-
ing the seizure does not classify the seizure as a focal
cognitive seizure, because impairment of awareness can
apply to any focal seizure. A focal sensory seizure can pro-
duce somatosensory, olfactory, visual, auditory, gustatory,
hot—cold sense, or vestibular sensations.

The clinician must decide whether an event is a unified
single seizure, with evolving manifestations as the seizure
propagates, or alternatively, two separate seizures. Such a
distinction can sometimes be difficult. A smooth, continu-
ous evolutions of signs, symptoms, and EEG patterns
(where available) favors the event being a single seizure.
Repetition of a stereotyped sequence of signs, symptoms,
and EEG changes at different times supports a unitary sei-
zure type. Unitary focal seizures are named for the initial
manifestation and presence or absence of altered conscious-
ness at any point during the seizure. In contrast, discontinu-
ous, interrupted or nonstereotyped events point to
classification of more than one seizure type. Consider an
event starting with déja vu, repetitive purposeless

lip-smacking, loss of awareness, forced version to the right,
and right-arm stiffening. This steady evolution implies a
unitary seizure, which would be classified as a focal
impaired awareness cognitive seizure. It would be useful to
append (as optional description, not a seizure type) informa-
tion about the progression to automatisms and tonic version.
In another scenario, the clinician might encounter a seizure
with fear and loss of awareness. The patient recovers and
30 min later has an event with tingling in the right arm dur-
ing clear awareness. Such a sequence reflects two separate
seizures, the first being a focal impaired awareness emo-
tional seizure and the second a focal aware sensory seizure.

Other focal seizure types are sometimes encountered, for
example, focal tonic—clonic seizures, but not sufficiently
often to be named as a specific seizure type. Rather than
include the term “other” in each category, a decision was
made to revert to nonspecific use of the larger category,
such as motor onset or nonmotor-onset when the next level
of detail is unclear or the seizure is not listed as a specific
seizure type.

The classification of generalized-onset seizures is similar
to that of the 1981 classification, with addition of a few new
types. Awareness usually is impaired with generalized onset
seizures, so level of awareness is not used as a classifier for
these seizures. The main subdivision is into motor and non-
motor (absence) seizure types. The terms “motor” and “non-
motor (absence)” are present in order to allow characteriza-
tion of generalized-onset motor or nonmotor seizures about
which nothing else can be said, but “motor” and “nonmotor
(absence)” may be omitted if the seizure name is unambigu-
ous, for example, “generalized tonic seizure.” The word
“generalized” can be omitted for seizures such as absence
that present only with generalized onset.

Tonic—clonic remains the term replacing the “grand mal”
seizure type, although popular usage of the old French phrase
will undoubtedly persist. Because there is a new seizure type
characterized by myoclonic movements preceding tonic
(stiffening) and clonic (sustained rhythmic jerking) move-
ments, it is important to document the early movements of a
tonic—clonic seizure as being tonic. The clonic phase of a
tonic—clonic seizure typically shows regularly decreasing fre-
quency of jerks over the course of the event. During a tonic—
clonic seizure, awareness is lost before or contempora-
neously with the stiffening and jerking movements. Some
tonic—clonic seizures may invoke a nonspecific feeling of an
impending seizure or a brief period of head or limb version,
neither of which invalidates a generalized onset, since bio-
logic processes never exhibit perfect synchrony. The clini-
cian has to judge whether a truly focal onset is present.

Generalized clonic seizures begin, progress, and end with
sustained rhythmic jerking of limbs on both sides of the
body and often head, neck, face, and trunk. Generalized clo-
nic seizures are much less common than are tonic—clonic
seizures, usually occur in infants, and should be distin-
guished from jitteriness or shuddering attacks.”

Epilepsia, 58(4):531-542,2017
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Generalized tonic seizures manifest as bilateral limb stiff-
ening or elevation, often with neck stiffening. The classifi-
cation presumes that the tonic activity is not followed by
clonic movements. The tonic activity can be a sustained
abnormal posture, either in extension or flexion, sometimes
accompanied by tremor of the extremities. Tonic activity
can be difficult to distinguish from dystonic activity,
defined as sustained contractions of both agonist and antag-
onist muscles producing athetoid or twisting movements,
which when prolonged, may produce abnormal postures.

Generalized myoclonic seizures can occur in isolation or
in conjunction with tonic or atonic activity. Myoclonus dif-
fers from clonus by being briefer and not regularly repeti-
tive. Myoclonus as a symptom has possible epileptic and
nonepileptic etiologies.

Generalized myoclonic—tonic—clonic seizures begin with
a few myoclonic jerks followed by tonic—clonic activity.
These seizures are commonly seen in patients with juvenile
myoclonic epilepsy® and occasionally with other general-
ized epilepsies. It is arguable whether the initial jerks are
myoclonic or clonic, but they are rarely sufficiently sus-
tained to be considered clonic.

A myoclonic—atonic seizure involves brief jerking of
limbs or trunk, followed by a limp drop. These seizures, pre-
viously called myoclonic—astatic seizures, are most com-
monly seen in Doose syndrome,” but can also be
encountered in Lennox-Gastaut and other syndromes.

Atonic means without tone. When leg tone is lost during
a generalized atonic seizure, the patient falls on the buttocks
or sometimes forward onto the knees and face. Recovery is
usually within seconds. In contrast, tonic or tonic—clonic
seizures more typically propel the patient into a backward
fall.

Epileptic spasms previously were referred to as infantile
spasms, and the term “infantile spasms” remains suitable for
epileptic spasms occurring at infantile age. An epileptic
spasm presents as a sudden flexion, extension, or mixed
extension—flexion of predominantly proximal and truncal
muscles. They commonly occur in clusters and most often
during infancy.

Generalized nonmotor seizure types comprise several
varieties of absence seizures. The Task Force retained the
distinction between typical and atypical absence, because
the two types of seizures usually are associated with differ-
ent EEG findings, epilepsy syndromes, therapies, and prog-
noses. According to the 1981 classification, which was
based on analysis of numerous video-EEG recordings,’
absence seizures are considered atypical when they are
associated with changes in tone that are more pronounced
than in typical absence or the onset or cessation is not
abrupt. An EEG may be required to secure the distinction
between typical and atypical absence seizures.

A myoclonic absence seizure' refers to an absence sei-
zure with rhythmic three-per-second myoclonic move-
ments, causing ratcheting abduction of the upper limbs
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leading to progressive arm elevation, and associated with
three-per-second generalized spike-wave discharges. Dura-
tion is typically 10-60 s. Impairment of consciousness may
not be obvious. Myoclonic absence seizures occur in a vari-
ety of genetic conditions and also without known associa-
tions.

Eyelid myoclonia are myoclonic jerks of the eyelids and
upward deviation of the eyes, often precipitated by closing
the eyes or by light. Eyelid myoclonia can be associated
with absences, but also can be motor seizures without a cor-
responding absence, making them difficult to categorize.
The 2017 classification groups them with nonmotor (ab-
sence) seizures, which may seem counterintuitive, but the
myoclonia in this instance is meant to link with absence,
rather than with nonmotor. Absence seizures with eyelid
myoclonia, seizures, or EEG paroxysms induced by eye clo-
sure and photosensitivity constitutes the triad of Jeavons
syndrome.'!

Seizures of unknown onset can be motor or nonmotor.
The most important use of this classification is for tonic—
clonic seizures for which the beginning was obscured. Fur-
ther information might allow reclassification as a focal or
generalized-onset seizure. Epileptic spasms and behavior
arrest are other possible seizure types of unknown onset.
Epileptic spasms may require detailed video-EEG monitor-
ing to clarify the nature of onset, but doing so is important
because a focal onset may correspond to a treatable focal
pathology. An unknown-onset behavior arrest seizure could
represent a focal impaired awareness behavior arrest sei-
zure or an absence seizure. A seizure might be unclassified
due to inadequate information or inability to place the sei-
zure in other categories. If an event is not clearly a seizure,
then it should not be called an unclassified seizure; rather,
this classification is reserved for unusual events likely to be
seizures, but not otherwise characterized.

Every seizure classification involves some degree of
uncertainty. The Task Force adopted the general guideline
of an 80% level of certainty that onset was focal or general-
ized; otherwise, the seizure should be listed as of unknown
onset. The 80% level was chosen arbitrarily to match the
commonly applied 80% false-negative cutoff for statistical
analysis.

Common descriptors

Focal seizures provoke a variety of potential sensations
and behaviors too diverse to be incorporated into a classifi-
cation. To facilitate a common terminology about seizures,
the Task Force listed some common descriptors of behav-
iors during focal seizures (Table 1), but these are not intrin-
sic to the classification. In other words, the common
descriptors can be added to the seizure classification to clar-
ify the manifestations of individual seizures, but the descrip-
tors do not define unique seizure types in this classification.
Descriptors are therefore at a “lower level” than are signs,
such as tonic, that define a seizure type. Laterality is a
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Table I. Common descriptors of behaviors during and
after seizures (alphabetically)
Cognitive Automatisms
Acalculia Aggression
Aphasia Eye-blinking
Attention impairment Head-nodding
Déja vu or jamais vu Manual
Dissociation Oral-facial
Dysphasia Pedaling
Hallucinations Pelvic thrusting
lllusions Perseveration
Memory impairment Running (cursive)
Neglect Sexual
Forced thinking Undressing
Responsiveness impairment Vocalization/speech
Walking
Emotional or affective Motor
Agitation Dysarthria
Anger Dystonic
Anxiety Fencer’s posture (figure-of-4)
Crying (dacrystic) Incoordination
Fear Jacksonian
Laughing (gelastic) Paralysis
Paranoia Paresis
Pleasure Versive
Autonomic Sensory
Asystole Auditory
Bradycardia Gustatory
Erection Hot-cold sensations
Flushing Olfactory
Gastrointestinal Somatosensory
Hyper/hypoventilation Vestibular
Nausea or vomiting Visual
Pallor
Palpitations Laterality
Piloerection Left
Respiratory changes Right
Tachycardia Bilateral

special type of descriptor, but an important one in clinical
practice. The Task Force acknowledged the importance of a
detailed individual free-text description of a seizure, in
addition to the classification.

Glossary

Table 2 provides a glossary of terms used in this and the
accompanying paper. The definitions are not universal, but
are focused on the aspects of language pertinent to seizures.
For instance, sensory is defined in terms of sensory seizures,
not all sensation. Wherever possible, prior accepted defini-
tions from the ILAE glossary of 2001'? were maintained, in
order to support continuity of usage, but this glossary
updates some terminology. Reference can be made to earlier
literature for definitions of old terms. Terms no longer rec-
ommended for use are omitted.

Mapping old to new terms
Table 3 provides mapping of old official and popular
terms to the 2017 seizure type classification.

Abbreviations
Table 4 provides suggested abbreviations for the main
seizure types.

Summary of rules for classifying seizures

1 Onset: Decide whether seizure onset is focal or gen-
eralized, using an 80% confidence level. Otherwise,
onset is unknown.

2 Awareness: For focal seizures, decide whether to
classify by degree of awareness or to omit awareness
as a classifier. Focal aware seizures correspond to
the old simple partial seizures and focal impaired
awareness seizures to the old complex partial sei-
zures.

3 Impaired awareness at any point: A focal seizure is a
focal impaired awareness seizure if awareness is
impaired at any point during the seizure.

4 Onset predominates: Classify a focal seizure by its
first prominent sign or symptom. Do not count tran-
sient behavior arrest.

5 Behavior arrest: A focal behavior arrest seizure
shows arrest of behavior as the prominent feature of
the entire seizure.

6 Motor/nonmotor: A focal aware or impaired aware-
ness seizure may be further subclassified by motor or
nonmotor characteristics. Alternatively, a focal sei-
zure can be characterized by motor or nonmotor
characteristics, without specifying level of aware-
ness. Example, a focal tonic seizure.

7 Optional terms: Terms such as motor or nonmotor
may be omitted when the seizure type is otherwise
unambiguous.

8 Additional descriptors: After classifying seizure
type based on initial manifestations, it is encour-
aged to add descriptions of other signs and symp-
toms, suggested descriptors or free text. These do
not alter the seizure type. Example: focal emotional
seizure with tonic right arm activity and hyperven-
tilation.

9 Bilateral versus generalized: Use the term “bilateral”
for tonic—clonic seizures that propagate to both hemi-
spheres and “generalized” for seizures that appar-
ently originate simultaneously in both hemispheres.

10 Atypical absence: Absence is atypical if it has slow
onset or offset, marked changes in tone, or EEG
spike-waves at <3 per second.

11 Clonic versus myoclonic: Clonic refers to sustained
rhythmic jerking and myoclonic to regular unsus-
tained jerking.

12 Eyelid myoclonia: Absence with eyelid myoclonia
refers to forced upward jerking of the eyelids during
an absence seizure.

Epilepsia, 58(4):531-542,2017
doi: 10.1111/epi.13671



538

R. S. Fisher et al.

Table 2. Glossary of terms

Word

Definition

Source

Absence, typical

Absence, atypical
Arrest
Atonic

Automatism

Autonomic seizure
Aura

Awareness
Bilateral

Clonic
Cognitive
Consciousness

Dacrystic
Dystonic

Emotional seizures

Epileptic spasms

Epilepsy

Eyelid myoclonia

Fencer’s posture seizure

Figure-of-4 seizure
Focal

Focal onset bilateral tonic—
clonic seizure

A sudden onset, interruption of ongoing activities, a blank stare, possibly a brief upward
deviation of the eyes. Usually the patient will be unresponsive when spoken to. Duration is a
few seconds to half a minute with very rapid recovery. Although not always available, an EEG
would show generalized epileptiform discharges during the event. An absence seizure is by
definition a seizure of generalized onset. The word is not synonymous with a blank stare,
which also can be encountered with focal onset seizures

An absence seizure with changes in tone that are more pronounced than in typical absence or
the onset and/or cessation is not abrupt, often associated with slow, irregular, generalized
spike-wave activity

See behavior arrest

Sudden loss or diminution of muscle tone without apparent preceding myoclonic or tonic
event lasting ~1-2 s, involving head, trunk, jaw, or limb musculature

A more or less coordinated motor activity usually occurring when cognition is impaired and
for which the subject is usually (but not always) amnesic afterward. This often resembles a
voluntary movement and may consist of an inappropriate continuation of preictal motor
activity

A distinct alteration of autonomic nervous system function involving cardiovascular, pupillary,
gastrointestinal, sudomotor, vasomotor, and thermoregulatory functions

A subjective ictal phenomenon that, in a given patient, may precede an observable seizure
(popular usage)

Knowledge of self or environment

Both left and right sides, although manifestations of bilateral seizures may be symmetric or
asymmetric

Jerking, either symmetric or asymmetric, that is regularly repetitive and involves the same
muscle groups

Pertaining to thinking and higher cortical functions, such as language, spatial perception,
memory, and praxis. The previous term for similar usage as a seizure type was psychic

A state of mind with both subjective and objective aspects, comprising a sense of self as a
unique entity, awareness, responsiveness, and memory

Bursts of crying, which may or may not be associated with sadness

Sustained contractions of both agonist and antagonist muscles producing athetoid or twisting
movements, which may produce abnormal postures

Seizures presenting with an emotion or the appearance of having an emotion as an early
prominent feature, such as fear, spontaneous joy or euphoria, laughing (gelastic), or crying
(dacrystic)

A sudden flexion, extension, or mixed extension—flexion of predominantly proximal and
truncal muscles that is usually more sustained than a myoclonic movement but not as
sustained as a tonic seizure. Limited forms may occur: Grimacing, head nodding, or subtle eye
movements. Epileptic spasms frequently occur in clusters. Infantile spasms are the best known
form, but spasms can occur at all ages

A disease of the brain defined by any of the following conditions: (1) At least two unprovoked
(or reflex) seizures occurring >24 h apart; (2) one unprovoked (or reflex) seizure and a
probability of further seizures similar to the general recurrence risk (at least 60%) after two
unprovoked seizures, occurring over the next |10 years; (3) diagnosis of an epilepsy
syndrome. Epilepsy is considered to be resolved for individuals who had an age-dependent
epilepsy syndrome but are now past the applicable age or those who have remained seizure
free for the last 10 years, with no antiseizure medicines for the last 5 years

Jerking of the eyelids at frequencies of at least 3 per second, commonly with upward eye
deviation, usually lasting <10 s, often precipitated by eye closure. There may or may not be
associated brief loss of awareness

A focal motor seizure type with extension of one arm and flexion at the contralateral elbow
and wrist, giving an imitation of swordplay with a foil. This has also been called a
supplementary motor area seizure

Upper limbs with extension of the arm (usually contralateral to the epileptogenic zone) with
elbow flexion of the other arm, forming a figure-of-4

Originating within networks limited to one hemisphere. They may be discretely localized or
more widely distributed. Focal seizures may originate in subcortical structures

A seizure type with focal onset, with awareness or impaired awareness, either motor or non-
motor, progressing to bilateral tonic—clonic activity. The prior term was seizure with partial
onset with secondary generalization

Adapted from
Ref. 12

Adapted from
Ref. I

New
12

12

Adapted from
Ref. 12
12

New
New

Adapted from
Ref. 12

New

New

12

Adapted from

Ref. 12
New

Adapted from
Ref. 12

New

New

New

New

Continued
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Table 2. Continued.

Word Definition Source

Gelastic Bursts of laughter or giggling, usually without an appropriate affective tone 12

Generalized Originating at some point within, and rapidly engaging, bilaterally distributed networks 5

Generalized tonic—clonic Bilateral symmetric or sometimes asymmetric tonic contraction and then bilateral clonic Adapted from
contraction of somatic muscles, usually associated with autonomic phenomena and loss of Refs 5, 12
awareness. These seizures engage networks in both hemispheres at the start of the seizure

Hallucination A creation of composite perceptions without corresponding external stimuli involving visual, 12
auditory, somatosensory, olfactory, and/or gustatory phenomena. Example: “Hearing” and
“seeing” people talking

Behavior arrest Arrest (pause) of activities, freezing, immobilization, as in behavior arrest seizure New

Immobility See activity arrest New

Impaired awareness See awareness. Impaired or lost awareness is a feature of focal impaired awareness seizures, New
previously called complex partial seizures

Impairment of consciousness See impaired awareness New

Jacksonian seizure Traditional term indicating spread of clonic movements through contiguous body parts 12
unilaterally

Motor Involves musculature in any form. The motor event could consist of an increase (positive) or 12
decrease (negative) in muscle contraction to produce a movement

Myoclonic Sudden, brief (<100 msec) involuntary single or multiple contraction(s) of muscles(s) or Adapted from
muscle groups of variable topography (axial, proximal limb, distal). Myoclonus is less regularly Ref. 12
repetitive and less sustained than is clonus

Myoclonic—atonic A generalized seizure type with a myoclonic jerk leading to an atonic motor component. This New

Myoclonic—tonic—clonic

Nonmotor Focal or generalized seizure types in which motor activity is not prominent New
Propagation Spread of seizure activity from one place in the brain to another, or engaging of additional brain New
networks
Responsiveness Ability to appropriately react by movement or speech when presented with a stimulus New
Seizure A transient occurrence of signs and/or symptoms due to abnormal excessive or synchronous 4
neuronal activity in the brain
Sensory seizure A perceptual experience not caused by appropriate stimuli in the external world 12
Spasm See epileptic spasm
Tonic A sustained increase in muscle contraction lasting a few seconds to minutes 12
Tonic—clonic A sequence consisting of a tonic followed by a clonic phase 12
Unaware The term unaware can be used as shorthand for impaired awareness New
Unclassified Referring to a seizure type that cannot be described by the ILAE 2017 classification either New
because of inadequate information or unusual clinical features. If the seizure is unclassified
because the type of onset is unknown, a limited classification may still derive from observed
features
Unresponsive Not able to react appropriately by movement or speech when presented with stimulation New
Versive A sustained, forced conjugate ocular, cephalic, and/or truncal rotation or lateral deviation from 12

type was previously called myoclonic—astatic

One or a few jerks of limbs bilaterally, followed by a tonic—clonic seizure. The initial jerks can
be considered to be either a brief period of clonus or myoclonus. Seizures with this
characteristic are common in juvenile myoclonic epilepsy

the midline

Derived from
Ref. |

New, a new definition, created in this article.

Examples
1 Tonic—clonic: A woman awakens to find her husband

of cortical dysplasia. In this circumstance, the seizure

having a seizure in bed. The onset is not witnessed, but
she is able to describe bilateral stiffening followed by
bilateral shaking. EEG and magnetic resonance imaging
(MRI) findings are normal. This seizure is classified as
unknown onset tonic—clonic. There is no supplementary
information to determine if the onset was focal or gener-
alized. In the old classification, this seizure would have
been unclassifiable with no further qualifiers.

Focal onset bilateral tonic—clonic: In an alternate sce-
nario of case 1, the EEG shows a clear right parietal
slow-wave focus. The MRI shows a right parietal region

can be classified as focal to bilateral tonic—clonic,
despite the absence of an observed onset, because a focal
etiology has been identified, and the overwhelming like-
lihood is that the seizure had a focal onset. The old clas-
sification would have classified this seizure as partial
onset, secondarily generalized.

Absence: A child is diagnosed with Lennox-Gastaut
syndrome of unknown etiology. EEG shows runs of
slow spike-waves. Seizure types include absence, tonic,
and focal motor seizures. The absence seizures are pro-
longed, have indistinct onset and cessation, and some-
times result in falls. In this case, the absence seizures are

Epilepsia, 58(4):531-542,2017
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Table 3. Mapping of old to new seizure classifying terms

Old term for seizure

New term for seizure [choice] (optional)

Absence
Absence, atypical
Absence, typical
Akinetic

Astatic

Atonic

Aura

Clonic

Complex partial
Convulsion

Dacrystic

Dialeptic
Drop attack

Fencer’s posture
(asymmetric tonic)
Figure-of-4

Freeze

Frontal lobe’
Gelastic

Grand mal

Gustatory
Infantile spasms

Jacksonian
Limbic
Major motor

Minor motor
Myoclonic
Neocortical®
Occipital lobe”
Parietal lobe”
Partial

Petit mal
Psychomotor
Rolandic

Salaam

Tonic—clonic
Simple partial
Sylvian
Temporal lobe’
Tonic

Tonic—clonic

Uncinate

Secondarily generalized

Supplementary motor

(Generalized) absence

(Generalized) absence, atypical

(Generalized) absence, typical

Focal behavior arrest, generalized absence

[Focal/generalized] atonic

[Focal/generalized] atonic

Focal aware

[Focal/generalized] clonic

Focal impaired awareness

[Focal/generalized] motor [tonic—clonic, tonic,
clonic], focal to bilateral tonic—clonic

Focal [aware or impaired awareness]
emotional (dacrystic)

Focal impaired awareness

[Focal/generalized] atonic,
[focal/generalized] tonic

Focal [aware or impaired awareness]
motor tonic

Focal [aware or impaired awareness]
motor tonic

Focal [aware or impaired awareness]
behavior arrest

Focal

Focal [aware or impaired awareness]
emotional (gelastic)

Generalized tonic—clonic, focal to
bilateral tonic—clonic, unknown-
onset tonic—clonic

Focal [aware or impaired awareness] sensory
(gustatory)

[Focal/generalized/unknown]
onset epileptic spasms

Focal aware motor (Jacksonian)

Focal impaired awareness

Generalized tonic—clonic, focal-onset bilateral
tonic—clonic

Focal motor, generalized myoclonic

[Focal/generalized] myoclonic

Focal aware or focal impaired awareness

Focal

Focal

Focal

Absence

Focal impaired awareness

Focal aware motor, focal to bilateral
tonic—clonic

[Focal/generalized/unknown onset]
epileptic spasms

Focal to bilateral tonic—clonic

Focal aware

Focal motor tonic

Focal motor

Focal aware/impaired awareness

[Focal/generalized] tonic

[Generalized/unknown] onset tonic—
clonic, focal to bilateral tonic—clonic

Focal [aware impaired awareness] sensory
(olfactory)

Note that there is not a one-to-one correspondence, reflecting reorganiza-
tion as well as renaming.

The most important terms are set in bold.

“Anatomic classification may still be useful for some purposes, for example,
in evaluation for epilepsy surgery.

Table 4. Abbreviations for the most important seizure
types

Seizure type Abbreviations
Focal aware seizure FAS
Focal impaired awareness seizure FIAS
Focal motor seizure FMS
Focal nonmotor seizure FNMS
Focal epileptic spasm FES
Focal to bilateral tonic—clonic seizure FBTCS
Generalized tonic—clonic seizure GTCS
Generalized absence seizure GAS
Generalized motor seizure GMS
Generalized epileptic spasm GES
Unknown onset tonic—clonic seizure UTCS
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classified as atypical absence due to their characteris-
tics, the EEG pattern, and underlying syndrome. The
absence seizures would have had the same classification
in the old system.

Tonic: A child has brief seizures with stiffening of the
right arm and leg, during which responsiveness and
awareness are retained. This seizure is a focal aware
tonic seizure (the words “motor onset” can be assumed).
In the old system, the seizure would have been called
tonic, with a perhaps incorrect assumption of general-
ized onset.

Focal impaired awareness: A 25-year-old woman
describes seizures beginning with 30 s of an intense
feeling that “familiar music is playing.” She can hear
other people talking, but afterwards realizes that she
could not determine what they were saying. After an epi-
sode, she is mildly confused, and has to “reorient her-
self.” The seizure would be classified as focal impaired
awareness. Even though the patient is able to interact
with her environment, she cannot interpret her environ-
ment, and is mildly confused. Prior classification would
have been complex partial seizure.

Autonomic: A 22-year-old man has seizures during
which he remains fully aware, with the “hair on my arms
standing on edge” and a feeling of being flushed. These
are classified as focal aware nonmotor autonomic sei-
zures, or more succinctly, focal aware autonomic sei-
zures. The old classification would have called them
simple partial autonomic seizures.

Focal clonic: A 1-month-old boy has rhythmical jerking
of the left arm that does not remit when repositioning the
arm. Corresponding EEG shows right frontal ictal
rhythms. These seizures are focal motor onset clonic sei-
zures, or more parsimoniously, focal clonic seizures.
Because the level of awareness cannot be ascertained,
awareness is not involved in classifying this seizure. The
old classification would not have had a name for this sei-
zure.

Sequential seizure manifestations: A seizure begins with
tingling in the right arm of a 75-year-old man. The
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patient says that it then progresses to rhythmic jerking of
the right arm lasting about 30 s. He retains awareness
and memory for the event. This seizure is a focal (non-
motor-onset) sensory seizure. Additional description
would be useful, namely focal sensory seizure with
somatosensory features progressing to right arm clonic
activity. If the sensory and motor events were to be dis-
continuous or the clinician had reason to consider the
event to be two separate (bifocal or multifocal) seizures,
then each component would be classified as a separate
seizure. The old classification would have called this a
simple partial sensorimotor seizure. An advantage of
the 2017 classification is specification of the sensory
onset, which may have clinical importance.

9 Myoclonic—atonic: A 4-year-old boy with Doose syn-
drome has seizures with a few arm jerks and then a rapid
drop with loss of tone. These are now classified as my-
oclonic—atonic seizures. Prior unofficial usage would
have called these myoclonic—astatic seizures.

10 Myoclonic—tonic—clonic seizures: A 13-year-old with
juvenile myoclonic epilepsy has seizures beginning with
a few jerks, followed by stiffening of all limbs and then
rhythmic jerking of all limbs. These would be classified
as myoclonic—tonic—clonic seizures. No corresponding
single seizure type existed in the old classification, but
they might have been called myoclonic or clonic sei-
zures followed by tonic—clonic seizures.

11 Focal epileptic spasms: A 14-month-old girl has sudden
extension of both arms and flexion of the trunk for about
2 s. These seizures repeat in clusters. EEG shows hyp-
sarrhythmia with bilateral spikes, most prominent over
the left parietal region. MRI shows a left parietal dyspla-
sia. Resection of the dysplasia terminated the seizures.
Because of the ancillary information, the seizure type
would be considered to be focal epileptic spasms (the
term “motor onset” can be assumed). The previous clas-
sification would have called them infantile spasms, with
information on focality not included. The term “infan-
tile” can still be used when spasms occur in infancy.

12 Unclassified: A 75-year-old man known to have epi-
lepsy reports an internal sense of body trembling and a
sense of confusion. No other information is available.
EEG and MRI are normal. This event is unclassified.

D1SCUSSION

This companion to the paper presenting the rationale and
structure of the ILAE 2017 seizure classification provides
an instructional manual for use of the classification. No
amount of explanation can, however, eliminate the inherent
ambiguities of a classification in real clinical use. For
instance, generalized onset tonic—clonic seizures may be
slightly asymmetrical with initial head version. How focal
must an asymmetry be to imply a focal onset? The answer
lies in individual judgment for each seizure. How uncertain

must a clinician be about the nature of the onset to classify a
seizure as being of unknown onset? The Task Force set a
guideline of “80%” confidence to call a seizure focal or gen-
eralized, but this bright line will undoubtedly blur in prac-
tice.

Ambiguities arise when a seizure presents multiple signs
and symptoms early in the event, for example, tonic arm
stiffening and automatisms. The classifier should choose
the earliest prominent symptom, but different observers
might produce different seizure names depending on the
interpretation of reported or observed symptoms and signs.
These ambiguities can be partially ameliorated by knowing
the typical patterns of common seizures. A behavior arrest,
followed by eye-blinking and head-nodding for 5 s, and then
immediate recovery, is likely to be a typical absence sei-
zure, even though each individual symptom can occur in
multiple seizure types. Appending optional descriptors after
the seizure type may better communicate the nature of a sei-
zure, for example, adding “with laughing” to a “focal
impaired awareness emotional seizure.”

Several motor signs now appear in conjunction with
either focal or generalized-onset seizure types, but it cannot
be assumed that the pathophysiology is the same for both
categories. A focal tonic seizure may have a different mech-
anism than that of a generalized tonic seizure, and each sei-
zure type may evidence different prognoses, responses to
treatments, demographics, and associations with epilepsy
syndromes. Even within the focal category, focal tonic
activity as part of a focal impaired awareness seizure (recall
the common occurrence of twisting movements during com-
plex partial seizures) may be a different entity from focal
tonic seizures in a child with Lennox-Gastaut syndrome.
Identifying these new seizure types should facilitate learn-
ing more about them and the syndromes with which they are
associated.

A learning and adoption curve will develop for those in
the epilepsy community who use the 2017 classification.
Over time, consensus will emerge regarding which seizure
types are best representative of various important groups of
symptoms and signs. Past experience forecasts gradual
adoption of the new classification, with transient use of
terms from multiple prior generations of classifications.
Real-world use of the 2017 classification will likely moti-
vate revisions. The desired outcome for the ILAE 2017 clas-
sification is greater ease of communication about seizure
types among clinicians, the nonmedical community, and
researchers. Future empirical classifications will be devel-
oped until knowledge is sufficient to construct a classifica-
tion based on the fundamental reasons that there are
different seizure types.
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SUMMARY

The International League Against Epilepsy (ILAE) presents a revised operational clas-
sification of seizure types. The purpose of such a revision is to recognize that some sei-
zure types can have either a focal or generalized onset, to allow classification when the
onset is unobserved, to include some missing seizure types, and to adopt more trans-
parent names. Because current knowledge is insufficient to form a scientifically based
classification, the 2017 Classification is operational (practical) and based on the 1981
Classification, extended in 2010. Changes include the following: (1) “partial”’ becomes
‘““focal’’; (2) awareness is used as a classifier of focal seizures; (3) the terms dyscognitive,
simple partial, complex partial, psychic, and secondarily generalized are eliminated;
(4) new focal seizure types include automatisms, behavior arrest, hyperkinetic, auto-
nomic, cognitive, and emotional; (5) atonic, clonic, epileptic spasms, myoclonic, and
tonic seizures can be of either focal or generalized onset; (6) focal to bilateral tonic—
clonic seizure replaces secondarily generalized seizure; (7) new generalized seizure
types are absence with eyelid myoclonia, myoclonic absence, myoclonic-atonic,
myoclonic-tonic—clonic; and (8) seizures of unknown onset may have features that can
still be classified. The new classification does not represent a fundamental change, but
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allows greater flexibility and transparency in naming seizure types.
KEY WORDS: Classification, Seizures, Focal, Generalized, Epilepsy, Taxonomy.

The International League Against Epilepsy (ILAE),
through the Commission for Classification and Terminol-
ogy, has developed a working classification of seizures
and epilepsy. Following the proposed reorganization in
2010,1’2 further clarification has been discussed and feed-
back sought from the community. One area that required
further elucidation was the organization of seizure types.
A Seizure Type Classification Task Force was estab-
lished in 2015 to prepare recommendations for classifica-
tion of seizure types, which are summarized in this
document. A companion document guides the intended
use of the classification.

Descriptions of seizure types date back at least to the
time of Hippocrates. Gastaut™* proposed a modern classi-
fication in 1964. Various basic frameworks for seizure
classification can be considered. Manifestations of certain
seizures are age-specific and depend on the maturation of
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KEY PoINTS

e The ILAE has constructed a revised classification of
seizure types; the classification is operational and not
based on fundamental mechanisms

e Reasons for revision include clarity of nomenclature,
ability to classify some seizure types as either focal or
generalized, and classification when onset is unknown

e Seizures are divided into those of focal, generalized,
unknown onset, with subcategories of motor, non-
motor, with retained or impaired awareness for focal
seizures

the brain. Previous classifications have been based on
anatomy, with temporal, frontal, parietal, occipital, dien-
cephalic, or brainstem seizures. Modern research changed
our view of the pathophysiologic mechanisms involved
and has shown epilepsy to be a network disease and not
only a symptom of local brain abnormalities.” From a net-
work perspective, seizures could arise in neocortical, tha-
lamocortical, limbic, and brainstem networks. Although
our understanding of seizure networks is evolving
rapidly,® it is not yet sufficient to serve as a basis for sei-
zure classification. In 1981, an ILAE Commission led by
Dreifuss and Penry’ evaluated hundreds of video—elec-
troencephalography (EEG) recordings of seizures to
develop recommendations that divided seizures into those
of partial and generalized onset, simple and complex par-
tial seizures, and various specific generalized seizure
types. This classification remains in widespread use today,
with revisions in terminology and classification of sei-
zures and epilepsy by the ILAE,>®*'* and with suggested
insights, modifications, and criticisms by others.">2* We
chose not to develop a classification based solely on
observed behavior—instead, reflecting clinical practice,
the 2017 classification is interpretive, allowing the use of
additional data to classify seizure types.

The intention of the 2001'* and 2006' reports on
reclassification was to identify unique diagnostic entities
with etiologic, therapeutic, and prognostic implications,
so that when a syndromic diagnosis could not be made,
the therapy and prognosis would be based on seizure
type. Such a classification would permit grouping of rea-
sonably pure cohorts of patients for discovery of etiolo-
gies, including genetic factors, research into fundamental
mechanisms, involved networks, and clinical trials. The
ILAE Seizure Type Classification Task Force (hereafter
called “the Task Force”) chose to use the phrase “opera-
tional classification,” because it is impossible at this time
to base a classification fully on the science of epilepsy.
In the absence of a full scientific classification, the Task
Force chose to use the basic organization initiated in

1981 and subsequently modified' as a starting point for
the revised operational classification.

METHODS

What is a seizure type?

A seizure is defined as “a transient occurrence of signs
and/or symptoms due to abnormal excessive or synchronous
neuronal activity in the brain.”* It is the clinician’s first task
to determine that an event has the characteristics of a seizure
and not one of the many imitators of seizures.”® The next
step is classification into a seizure type.

The Task Force operationally defines a seizure type as a
useful grouping of seizure characteristics for purposes of
communication in clinical care, teaching, and research.
Mention of a seizure type should bring to mind a specific
entity, albeit sometimes with subcategories and variations
on a theme. Choices must be made by interested stakehold-
ers to highlight groupings of seizure characteristics that are
useful for specific purposes. Such stakeholders include
patients, families, medical professionals, researchers, epi-
demiologists, medical educators, clinical trialists, insurance
payers, regulatory agencies, advocacy groups, and medical
reporters. Operational (practical) groupings can be derived
by those with specific interests. A pharmacologist, for
example, might choose to group seizures by efficacy of
medications. A researcher doing a clinical trial might con-
sider seizures as disabling or nondisabling. A surgeon might
group by anatomy in order to predict the eligibility for and
likely success of surgical therapy. A physician based in an
intensive care unit with predominantly unconscious patients
might group seizures in part by EEG pattern.”’ The principal
aim of this classification is to provide a communication
framework for clinical use. Seizure types are relevant to
clinical practice in humans; whereas, it is acknowledged
that seizure types in other species, experimental and natural,
may not be reflected in the proposed classification. One goal
was to make the classification understandable by patients
and families and broadly applicable to all ages, including
neonates. The ILAE Commission on Classification & Ter-
minology recognizes that seizures in the neonate can have
motor manifestations, or alternatively little or no behavioral
manifestations. A separate Neonatal Seizure Task Force is
working to develop a classification of neonatal seizures.
The 2017 seizure classification is not a classification of
electroencephalographic ictal or subclinical patterns. The
guiding principle of the Seizure Type Task Force was
advice from Albert Einstein to “make things as simple as
possible, but no simpler.”

Motivation for change

Adapting to a change in terminology can be effortful and
needs to be motivated by a rationale for change. Seizure
type classification is important for several reasons. First, the
classification becomes a worldwide shorthand form of

Epilepsia, 58(4):522-530, 2017
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communication among clinicians caring for people with
epilepsy. Second, the classification allows grouping of
patients for therapies. Some regulatory agencies approve
drugs or devices indicated for specific seizure types. A new
classification should gracefully map to existing indications
for drug or device usage. Third, the seizure type grouping
might provide a useful link to specific syndromes or etiolo-
gies, for example, by noting an association between gelastic
seizures and hypothalamic hamartoma or epileptic spasms
with tuberous sclerosis. Fourth, the classification allows
researchers to better focus their studies on mechanisms of
different seizure types. Fifth, a classification provides words
to patients to describe their disease. Motivations for revising
the 1981 Seizure Classification are listed below.

1 Some seizure types, for example, tonic seizures or epilep-
tic spasms, can have either a focal or generalized onset.

2 Lack of knowledge about the onset makes a seizure
unclassifiable and difficult to discuss with the 1981 sys-
tem.

3 Retrospective seizure descriptions often do not specify a
level of consciousness, and altered consciousness,
although central to many seizures, is a complicated con-
cept.

4 Some terms in current use do not have high levels of
community acceptance or public understanding, such as
“psychic,” “partial,” “simple partial,” “complex partial,”
and “dyscognitive.”

5 Some important seizure types are not included.

RESULTS

Classification of seizure types

Figure 1 depicts the basic and Figure 2 depicts the
expanded 2017 seizure classification. The two represent the
same classification, with collapse of the subcategories to
form the basic version. Use of one versus the other depends
on the desired degree of detail. Variations on the individual
seizure theme can be added for focal seizure types according
to level of awareness.

Structure of the classification

The classification chart is columnar, but not hierarchical
(meaning that levels can be skipped), so arrows intention-
ally are omitted. Seizure classification begins with the
determination of whether the initial manifestations of the
seizure are focal or generalized. The onset may be missed or
obscured, in which case the seizure is of unknown onset.
The words “focal” and “generalized” at the start of a seizure
name are assumed to mean of focal or generalized onset.

For focal seizures, the level of awareness optionally may
be included in the seizure type. Awareness is only one
potentially important feature of a seizure, but awareness is
of sufficient practical importance to justify using it as a
seizure classifier. Retained awareness means that the per-
son is aware of self and environment during the seizure,
even if immobile. A focal aware seizure (with or without
any subsequent classifiers) corresponds to the prior term
“simple partial seizure.” A focal impaired awareness
seizure (with or without any subsequent classifiers) corre-
sponds to the prior term “complex partial seizure.”
Impaired awareness during any part of the seizure renders
it a focal impaired awareness seizure. In addition, focal sei-
zures are subgrouped as those with motor and nonmotor
signs and symptoms at the onset. If both motor and nonmo-
tor signs are present at the seizure start, the motor signs
will usually dominate, unless non-motor (e.g., sensory)
symptoms and signs are prominent.

Focal aware or impaired awareness seizures optionally
may be further characterized by one of the listed motor
onset or nonmotor onset symptoms, reflecting the first
prominent sign or symptom in the seizure, for example,
focal impaired awareness automatism seizure. Seizures
should be classified by the earliest prominent motor onset or
nonmotor onset feature, except that a focal behavior arrest
seizure is one for which cessation of activity is the dominant
feature throughout the seizure, and any significant impair-
ment of awareness during the course of the seizure causes a
focal seizure to be classified as having impaired awareness.
Classification according to onset has an anatomic basis,
whereas classification by level of awareness has a

ILAE 2017 Classification of Seizure Types Basic Version !
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ILAE 2017 Classification of Seizure Types Expanded Version !
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Figure 2.

The expanded ILAE 2017 operational classification of seizure types. The following clarifications should guide the choice of seizure type.
For focal seizures, specification of level of awareness is optional. Retained awareness means the person is aware of self and environment
during the seizure, even if immobile. A focal aware seizure corresponds to the prior term simple partial seizure. A focal impaired aware-
ness seizure corresponds to the prior term complex partial seizure, and impaired awareness during any part of the seizure renders it a
focal impaired awareness seizure. Focal aware or impaired awareness seizures optionally may further be characterized by one of the
motor-onset or nonmotor-onset symptoms below, reflecting the first prominent sign or symptom in the seizure. Seizures should be clas-
sified by the earliest prominent feature, except that a focal behavior arrest seizure is one for which cessation of activity is the dominant
feature throughout the seizure. A focal seizure name also can omit mention of awareness when awareness is not applicable or unknown
and thereby classify the seizure directly by motor onset or nonmotor-onset characteristics. Atonic seizures and epileptic spasms would
usually not have specified awareness. Cognitive seizures imply impaired language or other cognitive domains or positive features such as
déja vu, hallucinations, illusions, or perceptual distortions. Emotional seizures involve anxiety, fear, joy, other emotions, or appearance of
affect without subjective emotions. An absence is atypical because of slow onset or termination or significant changes in tone supported
by atypical, slow, generalized spike and wave on the EEG. A seizure may be unclassified due to inadequate information or inability to place
the type in other categories. ' Definitions, other seizure types and descriptors are listed in the accompanying paper and glossary of terms.
Degree of awareness usually is not specified. *Due to inadequate information or inability to place in other categories.
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behavioral basis, justified by the practical importance of
impaired awareness. Both methods of classification are

onset may be omitted when a subsequent term generates an
unambiguous seizure name.

available and can be used in concert. Brief behavioral arrest
at the start of a seizure often is imperceptible, and so it is not
used as a classifier unless dominant throughout the seizure.
The earliest (anatomic) classifier will not necessarily be the
most significant behavioral feature of a seizure. For exam-
ple, a seizure might start with fear and progress to vigorous
focal clonic activity resulting in falling. This seizure would
still be a focal emotional seizure (with or without impair-
ment of awareness), but free text description of the ensuing
features would be very useful.

A focal seizure name can omit mention of awareness
when awareness is not applicable or unknown, thereby clas-
sifying the seizure directly by motor onset or nonmotor
onset characteristics. The terms motor onset and nonmotor

The classification of an individual seizure can stop at any
level: a “focal onset” or “generalized onset” seizure, with no
other elaboration, or a “focal sensory seizure,” “focal motor
seizure,” “focal tonic seizure,” or “focal automatism sei-
zure,” and so on. Additional classifiers are encouraged, and
their use may depend on the experience and purposes of the
person classifying the seizure. The terms focal onset and
generalized onset are for purposes of grouping. No infer-
ence is made that each seizure type exists in both groups;
including absence seizures in the generalized-onset cate-
gory does not imply existence of “focal absence” seizures.

When the primacy of one versus another key symptom or
sign is unclear, the seizure can be classified at a level above
the questionably applicable term with additional descriptors

Epilepsia, 58(4):522-530, 2017
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of seizure semiology relevant to the individual seizure. Any
signs or symptoms of seizures, suggested descriptor terms
as listed in the companion paper or free text descriptions can
optionally be appended to the seizure type as descriptions,
but they do not alter the seizure type.

The seizure type “focal to bilateral tonic—clonic” is a spe-
cial seizure type, corresponding to the 1981 phrase “partial
onset with secondary generalization.” Focal to bilateral
tonic—clonic reflects a propagation pattern of a seizure,
rather than a unitary seizure type, but it is such a common
and important presentation that the separate categorization
was continued. The term “to bilateral” rather than “sec-
ondary generalized” was used to further distinguish this
focal-onset seizure from a generalized-onset seizure. The
term “bilateral” is used for propagation patterns and “gener-
alized” for seizures that engage bilateral networks from
onset.

Seizure activity propagates through brain networks,
sometimes leading to uncertainty about whether an event is
a unitary seizure or a series of multiple seizures starting
from different networks (“multifocal”). A single unifocal
seizure can present with multiple clinical manifestations as
a result of propagation. The clinician will need to determine
(by observation of a continuous evolution or stereotypy
from seizure-to-seizure) whether an event is a single seizure
or a series of different seizures. When a single focal seizure
presents with a sequence of signs and symptoms, then the
seizure is named for the initial prominent sign or symptom,
reflecting the usual clinical practice of identifying the sei-
zure onset focus or network. For example, a seizure begin-
ning with sudden inability to understand language followed
by impaired awareness and clonic left arm jerks would be
classified as a “focal impaired awareness (nonmotor onset)
cognitive seizure” (progressing to clonic left arm jerks).
The terms in parentheses are optional. The formal seizure
type in this example is determined by the cognitive non-
motor onset and presence of altered awareness during any
point of the seizure.

Generalized seizures are divided into motor and non-
motor (absence) seizures. Further subdivisions are similar
to those of the 1981 classification, with the addition of
myoclonic—atonic seizures, common in epilepsy with
myoclonic—atonic seizures (Doose syndromezs),
myoclonic—tonic—clonic seizures common in juvenile myo-
clonic epilepsy,? myoclonic absence,*® and absence sei-
zures with eyelid myoclonia seen in the syndrome described
by Jeavons and elsewhere.’' Generalized manifestations of
seizures can be asymmetrical, rendering difficult the dis-
tinction from focal-onset seizures. The word “absence” has
a common meaning, but an “absent stare” is not synony-
mous with an absence seizure, since arrest of activity also
occurs in other seizure types.

The 2017 classification allows appending of a limited
number of qualifiers to seizures of unknown onset, in order
to better characterize the seizure. Seizures of unknown onset

Epilepsia, 58(4):522-530, 2017
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may be referred to by the single word “unclassified” or with
additional features, including motor, nonmotor, tonic—clo-
nic, epileptic spasms, and behavior arrest. A seizure type of
unknown onset may later become classified as either of
focal or generalized onset, but any associated behaviors
(e.g., tonic—clonic) of the previously unclassified seizure
will still apply. In this regard, the term “unknown onset™ is a
placeholder—not a characteristic of the seizure, but of
ignorance.

Reasons for decisions

The terminology for seizure types is designed to be useful
for communicating the key characteristics of seizures and to
serve as one of the key components of a larger classification
for the epilepsies, which is being developed by a separate
ILAE Classification Task Force. The basic framework of
seizure classification used since 1981 was maintained.

Focal versus partial

In 1981, the Commission declined to designate as “focal”
a seizure that might involve an entire hemisphere, so the
term “partial” was preferred. The 1981 terminology was in a
way prescient of the modern emphasis on networks, but
“partial” conveys a sense of part of a seizure, rather than a
location or anatomic system. The term “focal” is more
understandable in terms of seizure-onset location.

Focal versus generalized

In 2010" the ILAE defined focal as “originating within
networks limited to one hemisphere. They may be discretely
localized or more widely distributed. Focal seizures may
originate in subcortical structures.” Generalized from onset
seizures were defined as “originating at some point within,
and rapidly engaging, bilaterally distributed networks.”
Classifying a seizure as having apparently generalized onset
does not rule out a focal onset obscured by limitations of our
current clinical methods, but this is more an issue of correct
diagnosis than of classification. Furthermore, focal seizures
may rapidly engage bilateral networks, whereas classifica-
tion is based on unilateral onset. For some seizure types, for
example, epileptic spasms, the distinction of a focal versus
generalized onset may require careful study of a video-EEG
recording or the type of onset may be unknown. A distinc-
tion between focal and generalized onset is a practical one,
and may change with advances in ability to characterize the
onset of seizures.

Focality of seizure onset can be inferred by pattern
matching to known focal-onset seizures, even when the
focality is not clear strictly in terms of observable behavior.
A seizure is focal, for example, when it starts with déja vu
and then progresses to loss of awareness and responsive-
ness, lip-smacking, and hand-rubbing for a minute. There is
nothing intrinsically “focal” in the description, but video-
EEG recordings of countless similar seizures have previ-
ously shown focal onsets. If the epilepsy type is known, the
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onset can be presumed even if it is unwitnessed; for exam-
ple, an absence seizure in a person with known juvenile
absence epilepsy.

Clinicians have long been aware that so-called general-
ized seizures, for example, absence seizures with EEG gen-
eralized spike-waves, do not manifest equally in all parts of
the brain. The Task Force emphasized the concept of bilat-
eral, rather than generalized, involvement of some seizures,
since seizures can be bilateral without involving every brain
network. The bilateral manifestations need not be symmet-
ric. The term “focal to bilateral tonic—clonic” was substi-
tuted for “secondarily generalized.” The term “generalized”
was maintained for seizures generalized from onset.

Unknown onset

Clinicians commonly hear about tonic—clonic seizures
for which the onset was unobserved. Perhaps, the patient
was asleep, alone, or observers were too distracted by the
manifestations of the seizure to notice the presence of focal
features. There should be an opportunity to provisionally
classify this seizure, even in the absence of knowledge about
its origin. The Task Force therefore allowed further descrip-
tion of seizures of unknown onset when key characteristics,
such as tonic—clonic activity or behavior arrest are observed
during the course of the seizure. The Task Force recom-
mends classifying a seizure as having focal or generalized
onset only when there is a high degree of confidence (e.g.,
>80%, arbitrarily chosen to parallel the usual allowable beta
error) in the accuracy of the determination; otherwise, the
seizure should remain unclassified until more information is
available.

It may be impossible to classify a seizure at all, either
because of incomplete information or because of the unu-
sual nature of the seizure, in which case it is called an
unclassified seizure. Categorization as unclassified should
be used only for the exceptional situation in which the clini-
cian is confident that the event is a seizure but cannot further
classify the event.

Consciousness and awareness

The 1981 classification and the revision in 201
suggested a fundamental distinction between seizures with
loss or impairment of consciousness and those with no
impairment of consciousness. Basing a classification on
consciousness (or one of its allied functions) reflects a prac-
tical choice that seizures with impaired consciousness
should often be approached differently from those with
unimpaired consciousness, for example, with respect to
allowing driving in adults or interfering with learning. The
ILAE chose to retain impairment of consciousness as a key
concept in the grouping of focal seizures. However, con-
sciousness is a complex phenomenon, with both subjective
and objective components.>® Multiple different types of
consciousness have been described for seizures.** Surrogate
markers®> >’ for consciousness usually comprise

1,10,32
0

measurements of awareness, responsiveness, memory, and
a sense of self as distinct from others. The 1981 classifica-
tion specifically mentioned awareness and responsiveness,
but not memory for the event.

Retrospective determination of state of consciousness
can be difficult. An untrained classifier might assume that a
person must be on the ground, immobile, unaware, and
unresponsive (e.g., “passed out”) for a seizure to show
impaired consciousness. The Task Force adopted state of
awareness as a relatively simple surrogate marker for con-
sciousness. “Retained awareness” is considered to be an
abbreviation for “seizures with no impairment of conscious-
ness during the event.” We employ an operational definition
of awareness as knowledge of self and environment. In this
context, awareness refers to perception or knowledge of
events occurring during a seizure, not to knowledge of
whether a seizure occurred. In several languages, “unaware”
translates as “unconscious,” in which case changing the sei-
zure designation from ‘“‘complex partial” to “impaired
awareness’’ will emphasize the importance of consciousness
by putting its surrogate directly in the seizure title. In Eng-
lish, “focal aware seizure” is shorter than is “focal seizure
without impairment of consciousness” and possibly better
understood by patients. As a practical issue, retained aware-
ness usually includes the presumption that the person having
the seizure later can recall and validate having retained
awareness; otherwise, impaired awareness may be assumed.
Exceptional seizures present with isolated transient epilep-
tic amnesia in clear awareness,38 but classification of an
amnestic seizure as a focal aware seizure would require
clear documentation by meticulous observers. Awareness
may be left unspecified when the extent of awareness cannot
be ascertained.

Responsiveness may or may not be compromised during
a focal seizure.” Responsiveness does not equate to aware-
ness or consciousness, since some people are immobilized
and consequently unresponsive during a seizure, but still
able to observe and recall their environment. In addition,
responsiveness often is not tested during seizures. For these
reasons, responsiveness was not chosen as a primary feature
for seizure classification, although responsiveness can be
helpful in classifying the seizure when it can be tested, and
degree of responsiveness may be relevant to the impact of a
seizure. The term “dyscognitive” was not carried into the
current classification as a synonym for “complex partial”
because of lack of clarity and negative public and profes-
sional feedback.

Awareness is not a classifier for generalized-onset sei-
zures, because the large majority of generalized seizures
present with impaired awareness or full loss of conscious-
ness. However, it is recognized that awareness and respon-
siveness can be at least partially retained during some
generalized seizures, for example, with brief absence sei-
zures,*” including absence seizures with eyelid myoclonias
or myoclonic seizures.

Epilepsia, 58(4):522-530, 2017
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Etiology

A classification of seizure types can be applied to seizures
of different etiologies. A posttraumatic seizure or a reflex
seizure may be focal with or without impairment of aware-
ness. Knowledge of the etiology, for instance, presence of a
focal cortical dysplasia, can aid in classification of the sei-
zure type. Any seizure can become prolonged, leading to
status epilepticus of that seizure type.

Supportive information

As part of the diagnostic process, a clinician will com-
monly use supportive evidence to help classify a seizure,
even though that evidence is not part of the classification.
Such evidence may include videos brought in by family,
EEG patterns, lesions detected by neuroimaging, laboratory
results such as detection of antineuronal antibodies, gene
mutations, or an epilepsy syndrome diagnosis known to be
associated with either focal or generalized seizures or both,
such as Dravet syndrome. The seizures usually can be classi-
fied on the basis of symptoms and behavior, provided that
good subjective and objective descriptions are available. Use
of any available supportive information to classify the sei-
zure is encouraged. Availability of supportive information
may not exist in the resource-poor parts of the world, which
may lead to a less specific, but still correct classification.

ICD-9, ICD-10, ICD-11, and ICD-12

The World Health Organization International Classifica-
tion of Diseases (ICD) is used for inpatient and outpatient
diagnoses, billing, research, and many other purposes.*'***
Concordance between ICD epilepsy diagnoses and ILAE
seizure types is desirable for clarity and consistency. This is
possible only to a limited extent with existing ICD terms,
since ICD-9, ICD-10, and ICD-11 are already formulated.
The ILAE proposals will always lead ICD standards. ICD-9
and ICD-10 make use of old seizure terminology, including
terms such as petit mal and grand mal. ICD-11 does not
name seizure types at all, but focuses on epilepsy etiologies
and syndromes, as do ILAE epilepsy classifications. For
this reason, there is no conflict between our proposed sei-
zure type classification and ICD-11. Efforts can be made to
incorporate new classifications of seizure types and syn-
dromes into the development of ICD-12.

DiScuUSSION

Discontinued terms

Simple/complex partial

After approximately 35 years of use, the terms “simple
partial seizure” and “complex partial seizure” may be
missed by some clinicians. There are several reasons for
changing. First, a decision was previously made' to globally
change partial to focal. Second, “complex partial” has no
intrinsic meaning to the public. The phrase “focal impaired

Epilepsia, 58(4):522-530, 2017
doi: 10.1111/epi.13670

awareness” can convey meaning to a lay person with no
knowledge of seizure classification. Third, the words “com-
plex” and “simple” can be misleading in some contexts.
Complex seems to imply that this seizure type is more com-
plicated or difficult to understand than other seizure types.
Calling a seizure “simple” may trivialize its impact to a
patient who does not find the manifestations and conse-
quences of the seizures to be at all simple.

Convulsion

The term “convulsion” is a popular, ambiguous, and
unofficial term used to mean substantial motor activity dur-
ing a seizure. Such activity might be tonic, clonic, myoclo-
nic, or tonic—clonic. In some languages, convulsions and
seizures are considered synonyms and the motor component
is not clear. The word “convulsion” is not part of the 2017
seizure classification, but will undoubtedly persist in popu-
lar usage.

Added terms

Aware/impaired awareness
As discussed earlier, these terms designate knowledge of
self and environment during a seizure.

Hyperkinetic

Hyperkinetic seizures have been added to the focal sei-
zure category. Hyperkinetic activity comprises agitated
thrashing or leg pedaling movements. Hypermotor is an ear-
lier term introduced as part of a different proposed classifi-
cation by Liiders and colleagues in 1993.** The term
hypermotor, which contains both Greek and Roman roots,
was supplanted in the 2001 ILAE glossary** and 2006
report’ by “hyperkinetic,” and to be both etymologically
and historically consistent, “hyperkinetic” was chosen for
the 2017 classification.

Cognitive

This term replaces “psychic” and refers to specific cogni-
tive impairments during the seizure, for example, aphasia,
apraxia, or neglect. The word “impairment” is implied
because seizures never enhance cognition. A cognitive sei-
zure can also comprise positive cognitive phenomena, such
as déja vu, jamais vu, illusions, or hallucinations.

Emotional

A focal nonmotor seizure can have emotional manifesta-
tions, such as fear or joy. The term also encompasses affec-
tive manifestations with the appearance of emotions
occurring without subjective emotionality, such as may
occur with some gelastic or dacrystic seizures.

New focal seizure types
Some seizure types that were described previously as
only generalized seizures now appear under seizures of
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focal, generalized and unknown onset. These include
epileptic spasms, tonic, clonic, atonic, and myoclonic sei-
zures. The list of motor behaviors constituting seizure types
comprises the most common focal motor seizures, but other
less common types, for example, focal tonic—clonic, may be
encountered. Focal automatisms, autonomic, behavior
arrest, cognitive, emotional, and hyperkinetic are new sei-
zure types. Focal to bilateral tonic—clonic seizure is a new
type as the renamed secondarily generalized seizure.

New generalized seizure types

Relative to the 1981 classification, new generalized sei-
zure types include absence with eyelid myoclonia,
myoclonic—atonic, and myoclonic—tonic—clonic (although
clonic onset of tonic—clonic seizures was mentioned in the
1981 publication). Seizures with eyelid myoclonia could
logically have been placed under the motor category, but
since eyelid myoclonia are most significant as features of
absence seizures, seizures with eyelid myoclonia were
placed in the nonmotor/absence category. Seizures with
eyelid myoclonia may even rarely display focal features.*’
Similarly, myoclonic absence seizures potentially have
features of both absence and motor seizures, and could
have been placed in either group. Epileptic spasms are sei-
zures represented in focal, generalized, and unknown onset
categories, and the distinction may require video-EEG
recording. The term “epileptic” is implied for every seizure
type, but explicitly stated for epileptic spasms, because of
the ambiguity of the single word “spasms” in neurologic
use.

What is different from the 1981 classification?

Table 1 summarizes the changes in the ILAE 2017 sei-
zure type classification from the 1981 classification. Note
that several of these changes were already incorporated
into the 2010 revision of terminology and subsequent
revisions.'*?

Table I. Changes in seizure type classification from 1981
to 2017

|. Change of “partial” to “focal”
2. Certain seizure types can be either of focal, generalized,
or unknown onset
3. Seizures of unknown onset may have features that can still
be classified
4. Awareness is used as a classifier of focal seizures
5. The terms dyscognitive, simple partial, complex partial, psychic,
and secondarily generalized were eliminated
6. New focal seizure types include automatisms, autonomic,
behavior arrest, cognitive, emotional, hyperkinetic, sensory,
and focal to bilateral tonic—clonic seizures. Atonic, clonic,
epileptic spasms, myoclonic, and tonic seizures can be either
focal or generalized
. New generalized seizure types include absence with eyelid
myoclonia, myoclonic absence, myoclonic—tonic—clonic, myoclonic—
atonic, and epileptic spasms

~

Compared to the 1981 classification, certain seizure types
now appear in multiple categories. Epileptic spasms can be
of focal, generalized, or unknown onset. Represented both
in focal and generalized columns are atonic, clonic, myoclo-
nic, and tonic seizures, although the pathophysiology of
these seizure types may differ for the focal onset versus gen-
eralized-onset seizure type of that name.

A companion paper provides guidance on how to apply
the 2017 classification. Employment of the 2017 classifica-
tion in the field for a few years likely will motivate minor
revisions and clarifications.
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