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PREFACE

With all the new books on epilepsy, why do we need a book on febrile seizures?
There are several reasons. Febrile seizures are the most common form of child
hood seizures, occurring in 2 to 5% of children in Western Europe and North
America. As such, these seizures are of great interest to those specializing in
clinical and basic research on seizures, especially developmental seizures, as
well as to all involved in the care of children. Febrile seizures have specific fea
tures that make them distinct from all other forms of seizures and epilepsy, and
a controversy about their relationship to subsequent epilepsy has been ongoing
for many years. The last book devoted to febrile seizures appeared 20 years ago
and much has been learned since. In the clinical arena, epidemiological studies
have provided a better understanding of the incidence of febrile seizures, risk
factors for their occurrence, and their short- and long-term outcomes. Imaging
techniques now allow us to study the possible effects of seizures in children.
Advances in genetics should allow us to define the role of genetic factors in this
common disorder. In the basic sciences, the availability of animal models, com
bined with a better understanding of mechanisms of excitation and injury that
are unique to the developing brain, has resulted in major advances in our un
derstanding of the pathophysiology of febrile seizures and their possible con
sequences. The bottom line in terms of treatment has also changed in the past
20 years. For all these reasons, a new book is both timely and necessary.
Fortunately, we, the editors, are not the only people who feel this way. We
received a tremendous and enthusiastic response and commitment, with out
standing chapters, from a stellar group of scientists and clinicians who are lead
ers in their field. We were thus able to assemble a book that truly reflects the
state of the art. It includes the latest clinical research findings on incidence and
outcome and the most recent and exciting basic science work on mechanisms
and consequences, including work published in 2001. The latest treatment rec
XXI
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ommendations, such as the recent practice parameters of the American Acade
my of Pediatrics, are also included.
As clinician scientists, the editors firmly believe that, whether you are a cli
nician taking care of patients or a basic scientist working in the laboratory, it is
important to have an understanding of both the clinical problem and what is
known about the basic mechanisms of the disorder. The book is therefore in
tended to be a comprehensive overview of the state of the art that is detailed
enough for the specialist while at the same time presents the data in a manner
that is accessible to the nonspecialist. For this reason we have avoided the use
of most abbreviations and have included brief explanations of technical terms.
In the basic science sections, clinicians will find data that are both useful and
informative, while in the clinical sections, basic scientists will find the infor
mation they need to understand the phenomenon they are attempting to mod
el. This approach should also make the book accessible to the educated layman
interested in febrile seizures.
As editors, it is our hope that this book will serve at least two purposes. The
first is to provide a comprehensive review of the current state of the art. We have
come a long way in our understanding of the clinical phenomenon and the ba
sic mechanisms underlying it. This book both documents and celebrates these
accomplishments. The second goal is to provide a road map of where we are
headed. While much has been accomplished, much work remains to be done
in both the clinical and the basic science arenas. The various sections of this
book address the problems that remain and suggest ways to approach them. The
editors' individual perspectives on where we are and where we are headed are
presented at the end of the book. We hope that this book will not only inform
the reader about the current state of the art but also help the next generation of
researchers get started.
One of the real pleasures of editing this book was that we the editors, even
though we have both worked in this field for many years, learned new data and
novel approaches and perspectives. This is almost inevitable in a productive col
laboration, especially when so many of the leaders in the field agree to con
tribute and two editors with different perspectives but a shared passion for find
ing solutions to the problem are involved. We hope that you the reader share
our excitement and pleasure.
Tallie Z. Baram
Shlomo Shinnar
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The Incidence
and Prevalence
of Febrile Seizures
CARL E. STAFSTROM

Departments of Neurology and Pediatrics, University of Wisconsin,
Madison, Wisconsin 53792

Epidemiological studies have made substantial contributions to our
understanding of the frequency, natural history, and prognosis of febrile
seizures. Using a wide variety of methodologies, epidemiological studies
have consistently estimated that febrile seizures occur in 2-5% of children
under 5 years of age. In certain populations (e.g., Japan, Guam), febrile
seizures may be even more common (8-14%). The reason for this geo
graphical discrepancy remains unexplained, but may be related to genetic
predisposition, environmental factors, or both. This chapter critically re
views the studies that have led to the widely accepted febrile seizure oc
currence rates (incidence, prevalence) and examines the assumptions and
methods underlying those studies, e 2002 Academic Press.

I. INTRODUCTION
Nearly every article or text written about febrile seizures contains a statement
relating that "febrile seizures are the most common type of seizure in childhood,
occurring in 2 - 5 % of children." How is this percentage derived, and from what
population(s)? Is there geographical, seasonal, or sexual variation in febrile
seizure rates? Has the occurrence of febrile seizures changed over time, as dif
ferent management approaches have evolved? Does the incidence differ ac
cording to febrile seizure type (e.g., simple vs. complex)? How can such data
help us understand the pathogenesis of febrile seizures and arrive at a consen
sus for managing them? These are some of the questions considered in this
chapter, as a prelude to more detailed discussions of febrile seizure natural his
tory, prognosis, and pathophysiology in subsequent chapters. First, febrile
seizure definitions, past and present, are discussed. Next, epidemiological conFebrile Seizures
Copyright © 2002 by Academic Press. All rights of reproduction in any form reserved.
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cepts and methods for measuring febrile seizure incidence and prevalence are
reviewed. Finally, some pivotal epidemiological studies that have contributed
to our current understanding of febrile seizure frequency are considered.

II. WHAT IS A FEBRILE SEIZURE?
A. HISTORICAL PERSPECTIVE
Before embarking on an analysis of epidemiological studies of febrile seizures,
the fundamental question must be considered: What is a febrile seizure? Over
the past several decades there has been an evolution in what the term "febrile
seizure" connotes. Some series, especially prior to about 1980, did not exclude
seizures precipitated by fever that may have been accompanied by an underly
ing neurologic disturbance such as meningitis, encephalitis, or toxic en
cephalopathy (van den Berg and Yerushalmy, 1969; Millichap, 1981). The prog
nosis of febrile seizures in the early literature was fairly pessimistic, due to the
inclusion of symptomatic causes of seizure other than fever and to patient se
lection bias (Wallace, 1980). In addition, early studies were predominantly per
formed at tertiary care facilities and selected the more severe cases (Ellenberg
and Nelson, 1980). The modern viewpoint is that the vast majority of febrile
seizures have a benign outcome, with no lasting neurologic sequelae.
The consensus that febrile seizures do not constitute a form of epilepsy is an
important conceptual advance with relevance to the consideration of febrile
seizure incidence and prevalence. The distinction between febrile seizures and
epilepsy has been fairly recent; it was formerly thought that febrile seizures rep
resented "epilepsy unmasked by fever" and that they were a frequent harbinger
of afebrile seizures (epilepsy) (Lennox, 1953, 1960; Livingston, 1958). Peter
man stated emphatically that a febrile convulsion "does not occur in a normal
child" (Peterman, 1952). E. M. Bridge (quoted in Millichap, 1968, p. 3) stated,
in 1949, "There is no good reason for considering febrile convulsions as a clin
ical entity distinct from epilepsy. In reality, both belong in a single group, best
described with the name of convulsive disorders. The differences are not of a
fundamental nature but only of type and degree" (Bridge, 1949). The current
definition of epilepsy as unprovoked, recurrent seizures excludes febrile sei
zures, which are always provoked by fever. Of course, some children experience
a febrile seizure as the first manifestation of what will subsequently emerge as
epilepsy, but it is not possible to predict with certainty which child will devel
op afebrile seizures (Berg and Shinnar, 1994).
Large epidemiological studies in the 1970s were pivotal in differentiating
febrile seizures from epilepsy (van den Berg and Yerushalmy, 1969; Nelson and
Ellenberg, 1976, 1978; Annegers et al, 1979). The natural history of febrile
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seizures is quite different from that of epilepsy, as supported by several obser
vations (Berg, 1992): (1) The risk of developing epilepsy after febrile seizures
is small, on the order of 2-4%. (2) There are different risk factors for devel
oping febrile seizures vs. epilepsy. About one-third of children with febrile sei
zures will experience another febrile seizure in a subsequent febrile illness,
whereas 2-4% will later develop afebrile seizures (epilepsy) (van den Berg and
Yerushalmy, 1969; Hauser and Kurland, 1975; Nelson and Ellenberg, 1978; Ver
ity et al, 1985; Annegers et al, 1987; Berg et al, 1990; Hackett et al, 1997). The
major predictors of recurrent febrile seizures are (1) occurrence before 1 year
of age, (2) a positive family history of febrile seizures (not a family history of
epilepsy), and (3) a low degree of fever (Berg et al, 1997). These risk factors are
not predictive of later epilepsy. Rather, the risk factors for epilepsy in children
with febrile seizures are (1) complex febrile seizures, (2) a family history of
epilepsy, and (3) neurologic impairment prior to the febrile seizure (Berg et al,
1990). [One study did find that a complex initial febrile seizure increased the
risk for febrile seizure recurrence (Al-Eissa, 1995).] Notably, prevention of re
current febrile seizures does not appear to alter the risk of developing afebrile
seizures (see Chapters 3, 7, and 19, this volume). Several randomized studies
of febrile seizure prevention showed that although febrile seizure recurrence
could be reduced, the development of later afebrile seizures was not altered by
treatment (Knudsen, 1985; Wolf and Forsythe, 1989; Rosman et al, 1993; Berg
andShinnar, 1994).
The controversy as to whether febrile seizures initiate a pathophysiological
cascade that ultimately results in mesial temporal sclerosis and hence temporal
lobe epilepsy (TLE) has been unresolved for decades (Liu et al, 1995). A dis
proportionate number of patients (up to 20%) with TLE had febrile seizures (es
pecially prolonged ones) as young children (Falconer et al, 1964; Cendes et al,
1993). However, prospective series cite only a minority of children with febrile
seizures going on to develop epilepsy (2-4%) (Nelson and Ellenberg, 1976,
1978; Camfield et al, 1994; Hamati-Haddad and Abou-Khalil, 1998). This con
troversy is discussed in detail elsewhere in this volume (Chapters 5-8, 21, 22).

B.

MODERN DEFINITIONS

1. National Institutes of Health and International League
Against Epilepsy Definitions
According to the International League Against Epilepsy classification of the
epilepsies, febrile seizures are an acute, symptomatic type, i.e., a "special," sit
uation-related seizure (Commission, 1989). Because they are always evoked by
a specific precipitant (fever), febrile seizures cannot be considered a true form

4

Carl E. Stafstrom

of epilepsy. Nevertheless, febrile seizures do constitute a "syndrome" because
they fulfill several characteristics that are similar among affected children:
1. Febrile seizures generally occur within a restricted age range.
2. The majority of febrile seizures occur in children who are neurological
ly normal and continue to develop normally after the febrile seizures.
3. Febrile seizures are not associated with a structural or maldevelopmen
tal anomaly of brain, though the existence of such pathology may en
hance the susceptibility to febrile seizures (Germano et al, 1996).
Two operational definitions of febrile seizures have been published, one from
a National Institutes of Health (NIH) Consensus Conference (National Insti
tutes of Health, 1980; Nelson and Ellenberg, 1981), and the other from the
International League Against Epilepsy (ILAE) (Commission, 1993). These def
initions are compared in Table 1. In light of the huge disparities in epidemio
logical studies of febrile seizures, especially prior to 1980, the NIH conference
represented a major advance, forming a coherent definition that has been used
subsequently in many epidemiological and therapeutic investigations (e.g., Ver
ity et al, 1985; Offringa et al, 1991; Okan et al, 1995). The ILAE proposed
guidelines for epidemiological studies of epilepsy in general, as an attempt to
standardize methods of case ascertainment, diagnostic accuracy, and seizure
classification, and these recommendations are relevant to studies of febrile
seizures as well.
Although the NIH and ILAE definitions are similar, their differences are
worth noting. The lower age limit for febrile seizures is 1 month in the ILAE
definition and 3 months in the NIH definition, although the NIH guideline is
made purposefully flexible by use of the phrase "usually occurs." Each of these
lower age limits have been employed in epidemiological studies of febrile
TABLE 1

Definitions of Febrile Seizures

National Institutes of
Health Consensus Conference
(1980)
Febrile seizure: A febrile seizure is an
event in infancy or childhood, usually
occurring between 3 months and 5 years
of age, associated with fever but without
evidence of intracranial infection or
defined cause. Seizures with fever in
children who have suffered a previous
nonfebrile seizure are excluded

International League Against
Epilepsy Commission on
Epidemiology and Prognosis (1993)
Febrile seizure: A seizure occurring in childhood
after age 1 month, associated with a febrile
illness not caused by an infection of the CNS,
without previous neonatal seizures or a
previous unprovoked seizure, and not meeting
criteria for other acute symptomatic seizures
Febrile seizure with neonatal seizure: One or
more neonatal seizures in a child who has also
experienced one or more febrile seizures as
heiein defined
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Japan

30

36

42

Age (months)

FIGURE 1 Age-specific incidence of febrile seizures among children in Japan; Rochester, Minneso
ta; and Oakland, California. From Hauser (1994). The prevalence and incidence of convulsive disor
ders in children. Epilepsia 35 (Suppl. 2), S1-S6. Reprinted by permission of Blackwell Science, Inc.

seizures [1 month (Nelson and Ellenberg, 1976, 1978; Berg et al, 1997); 3
months (Verity et al, 1985; Al-Eissa, 1995)]. Other studies do not state a low
er age limit (Hauser and Kurland, 1975) or use another definition [e.g., 6
months (Hackett et al, 1997)]. Both of the NIH and ILAE definitions exclude
children with prior afebrile seizures and those with seizures due to an intracra
nial infection or other specific cause, but neither definition excludes children
with prior neurologic impairment. However, the ILAE definition subdivides
febrile seizures into those with and without prior neonatal seizures. Seizures
with fever occurring during the second and third months of life, included in the
ILAE definition, might not be included under the NIH definition. Practically
speaking, children in this young age range probably account for a very small pro
portion of cases (Figure 1) (Hauser, 1994). The specific age during the first few
months of life when the maturing brain first expresses an increased susceptibil
ity to fever-induced seizures is not known precisely and may vary somewhat be
tween children; this variability theoretically could impact epidemiological data.
Another notable difference is the lack of an upper age limit in the ILAE def
inition. The majority of febrile seizures occur between 6 months and 3 years of
age, with the peak incidence at about 18 months (Figure 1) (Friderichsen and
Melchior, 1954; van den Berg and Yerushalmy, 1969; Hauser and Kurland, 1975;
Nelson and Ellenberg, 1976; Tsuboi, 1986; Annegers et al, 1987; Offringa et al,
1991). The observation that these data comprise a bell-shaped curve, regardless
of the population studied, attests to the unique age specificity of the brain's sen
sitivity to fever. Only about 6-15% of first febrile seizures occur after 4 years of
age (Hauser and Kurland, 1975; Aicardi, 1994) and onset after 6 or 7 years of
age is unusual.
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Neither definition includes a specific criterion as to what temperature de
fines "fever." A temperature of at least 38.4°C (101°F) would probably be ac
cepted by most authorities and has been utilized in many epidemiological stud
ies. Some researchers have accepted lower values (38°C) (Tsuboi, 1984;
Al-Eissa, 1995). The route of temperature determination is not always men
tioned (Tsuboi, 1984). Other rigorous studies have differentiated axillary
(37.8°C) from rectal (38.3°C) temperatures, and have required that these be
documented by emergency room personnel (Berg et al, 1997). Despite the com
mon belief that the rate of temperature rise is more important than the ultimate
temperature achieved, there are no data supporting that view (Michon and Wal
lace, 1984; Berg, 1993). Many febrile seizures (at least half) occur early in the
course of a febrile illness, especially within the first 24 hours, and can even be
the presenting sign of the febrile illness (Wolf et al, 1977; Berg et al, 1992,
1997). In clinical practice, it is difficult to establish the exact temperature just
prior to or at the onset of a febrile seizure. Such a determination would ordi
narily be in the hands of the parent or other caretaker. In most cases, a tem
perature is not recorded by the parent at the time of the seizure, and by the time
the child's temperature is recorded at the physician's office or emergency room,
the seizure is likely to be over and the information may be of limited relevance.
Despite the lack of a uniform temperature criterion, several studies have shown
that the height of the fever is related to febrile seizure recurrence (El-Radhi et
al, 1986; Berg, 1993; Berg et al, 1997).
The definition of "seizure" is not specified in either the NIH or the ILAE def
inition. Some authorities emphasize the presence of convulsive activity (Mil
lichap, 1981; Camfield and Camfield, 1995); indeed, febrile seizures are also
known as "febrile convulsions." But is convulsive activity necessary? The lack
of tonic-clonic rhythmic motor activity certainly makes the diagnosis of febrile
seizure less secure, but clinicians routinely diagnose febrile seizures in children
who present with limpness, altered consciousness, apnea, or nonconvulsive ac
tivity suggestive of partial complex symptomatology. In fact, the NIH definition
uses the vague term "event" rather than seizure, perhaps to emphasize that some
febrile seizures may not involve convulsive activity. Other clinical phenomena
in the differential diagnosis of febrile seizures are mentioned in Section III,C.
Inclusion of nonconvulsive activity under the febrile seizure umbrella could al
ter epidemiological results.
2. Simple and Complex Febrile Seizures
Febrile seizures are typically divided into two types, simple and complex. A
complex febrile seizure has one or more of the following features (Commission
1993): (1) partial onset or focal features during the seizure, (2) prolonged du
ration [>10 minutes (Annegers et al, 1987; Berg et al, 1997) or >15 minutes
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(Berg and Shinnar, 1996; Nelson and Ellenberg, 1978)], or (3) recurrent febrile
seizures within 24 hours of the first episode (Nelson and Ellenberg, 1976; An
negers et al, 1987). Some authors use a phrase such as "within the same febrile
illness" instead of "within 24 hours" (Camfield and Camfield, 1995; Shinnar,
1999). A simple febrile seizure consists of less than 10 or 15 minutes of gener
alized tonic-clonic activity, resolving spontaneously, in the context of a febrile
illness, without focal features or recurrence during the subsequent 24 hours.
Approximately 20-30% of febrile seizures are complex (Nelson and Ellenberg,
1976; Verity et al, 1985; Annegers et al, 1990; Berg and Shinnar, 1996; Offringa
et al, 1991; Al-Eissa, 1995). Early studies that showed a much higher percent
age of complex febrile seizures [e.g., 62% in Wallace (1974)], but these series
comprised hospitalized patients, representing the more severe end of the spec
trum. In the large National Collaborative Perinatal Project (NCPP), a cohort of
54,000 children was followed from before birth until 7 years of age. In this
study, 1706 children with febrile seizures were identified. Focal features were
present in 4%, prolonged durations (>15 minutes) in 8%, and recurrent febrile
seizures within 24 hours of the first one in 15-20% (Nelson and Ellenberg,
1976). Complex febrile seizures are associated with a higher risk of afebrile
seizures but not of febrile seizure recurrence (Verity et al, 1985; Berg, 1992).
Because complex febrile seizures are associated with a higher risk of subsequent
epilepsy, it is important to establish whether complex features are present when
evaluating a child with a febrile seizure. Of the complex features, recurrence
within 24 hours is perhaps the easiest to document. The presence of focal fea
tures can often be overlooked by the observer. Finally, as discussed in Section
III,C, seizure duration is likely to be quite inaccurate. As discussed in depth in
other chapters, the two subtypes of febrile seizures may form biologically dis
tinct conditions with different risks for future seizures and neurologic deficits.
In summary, epidemiological studies vary in their operational definitions of
febrile seizures, age limits employed, methods for determining whether they are
simple vs. complex, seizure duration, and other factors. Such variations should
be considered when comparing studies.

III. DETERMINING FEBRILE SEIZURE
INCIDENCE AND PREVALENCE
A. DEFINITIONS OF EPIDEMIOLOGICAL TERMS
Much of our understanding of the risk factors, natural history, and prognosis of
febrile seizures comes from epidemiological studies. However, epidemiological
conclusions are only as reliable as the initial data obtained. To analyze the lit
erature on febrile seizure frequency, certain epidemiological terms must be de
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Epidemiological Terminology
Term

Definition

Incidence (or incidence rate)

The number of new cases in a defined
population over a specified time period;
expressed as individuals at risk per
standard population per unit time

Age-specific incidence

Incidence adjusted for age

Cumulative incidence

The expected risk of developing the
disorder by a specific age, i.e., the
summation of age-specific incidence

Prevalence

Lifetime prevalence

The proportion of individuals in a
population with the disorder at a specific
time point; a function of incidence and
average duration of illness
The proportion of the population with a
history of the disorder, active or not

fined (Table 2) (Sander and Shorvon, 1987; Hauser and Hersdorffer, 1990; Berg,
1995). Unfortunately, incidence and prevalence are not always used correctly in
the literature, and the terms are sometimes used interchangeably.
Incidence (or incidence rate) is the number of new cases occurring in a de
fined population over a specified period of time. For example, febrile seizure in
cidence is often denoted as the number of new cases per 1000 persons in a pop
ulation, per year. Incidence can only be determined from longitudinal studies.
Prevalence is the proportion of individuals in a population that has ever had the
disorder, determined at a specific time point. Prevalence can be obtained from
cross-sectional surveys. For example, prevalence is often specified as the num
ber of children with a history of febrile seizures on a given date that a popula
tion survey is performed. Prevalence is dependent on both the incidence of the
disorder and its average duration. Because the number of cases accumulate over
time, prevalence can be high even if incidence is low, and knowledge of preva
lence does not always lead to accurate incidence statistics. Although both inci
dence and prevalence can be adjusted for age, prevalence is not as useful in an
age-specific syndrome such as febrile seizures. Febrile seizure incidence should
decrease with age and become zero after about 7 years of age (Figure 1).
Cumulative incidence is the summation of age-specific incidence rates, i.e.,
expected risk of developing febrile seizures by a specific age. Therefore, this
term is probably the most appropriate one to compare febrile seizure occurrence
between populations, because all cases are expected to occur by about 5 years
of age. Cumulative incidence should approach the lifetime prevalence, that is,
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the proportion of the population that has ever had a febrile seizure. This point
is illustrated well in van den Berg and Yerushalmy (1969), which showed that
cumulative incidence reaches a plateau by about 4 years of age. Annual incidence
refers to the incidence only within the year studied; this value should be sum
mated over the years of febrile seizure susceptibility to arrive at a rate approxi
mating the cumulative incidence. Finally, the first attendance rate (Forsgren et
al, 1990) is defined as the number of new cases in the population at risk per
year, including both new cases during the study period and those who had their
first febrile seizure prior to the study period but were diagnosed during the
study period.

B.

STUDY DESIGNS TO DETERMINE INCIDENCE

AND PREVALENCE

The wide variety of study designs may strongly impact incidence and prevalence
figures. To determine those rates, a number of techniques have been used. The
goal of any method is to determine the number of cases (numerator) and the
total population from which the cases are drawn (denominator). The two main
types of study designs are clinic based and population based. Clinic-based stud
ies are often performed in a specialized clinic, hospital setting, or other tertiary
care facility. They have the advantage of providing a ready-made set of patients
with detailed clinical information available. However, the type of patient that
seeks care or has access to such a facility may skew the results. In general, these
would be the most severely affected patients, with poorest outcomes (Ellenberg
and Nelson, 1980). Clinic-based studies of febrile seizure occurrence are rarely
performed anymore; older studies are reviewed by Rose et al. (1973).
Many studies have used larger populations to investigate febrile seizure in
cidence and prevalence, using case-finding methods such as medical record re
views, mailed questionnaires, telephone interviews, and door-to-door surveys
(Table 3). Although these techniques are useful to investigate a much larger
population base and thus better reflect the spectrum of disease severity and fre
quency, they are also subject to methodological biases. Such large-scale surveys
are ordinarily carried out by personnel with limited medical training. Home vis
its are expensive and time consuming. Medical records are subject to some of
the same biases discussed above, with documentation dependent on the train
ing, time, and interest of the personnel collecting the data.
Population-based data are more difficult to obtain but have the advantage of
surveying a large number of people. Population-based studies are of two basic
types: cohort/cumulative incidence studies (Nelson and Ellenberg, 1976; Veri
ty et al, 1985) and prevalence surveys (Tsuboi, 1984; Forsgren et al, 1990; Of
fringa et al, 1991). A cohort may be followed from birth, allowing a prospec

TABLE 3

Selected Studies of Febrile Seizure Incidence and Prevalence

Author

Location

Study type

Case ascertainment

Population
size

Lessell et al (1962)

Guam

Population based First phase, survey of all 5- to 13-year
old school registrants, followed by
home visits; second phase, total
community survey

1350

Febrile seizures
14% (age-specific
prevalence in children
0-14 years old)

Schuman and Miller (1966)

Tecumseh, Michigan

Population based Retrospective survey

3953

3.6% (prevalence)

Mathai et al (1968)

Guam

Population based Door-to-door total community
survey, followed by screening
examination by physician

6967

8.9% (age-specific
incidence in children
0-4 years old)

van den Berg and
Yerushalmy (1969)

Oakland, California

Cohort

Hospital and clinical records of
children born 1960-1967 (Kaiser
Foundation)

18,500

2% (cumulative
incidence by 5 years
old)

Stanhope et al. (1972)

Guam

Cohort and
Population
based

Retrospective; follow up of two
birth cohorts in four villages—
mailed questionnaires, interviews,
and medical record review

419

11% (prevalence by 5
years old)

Rose et al. (1973)

Washington County,
Maryland

Population based Mailed questionnaire to families
of all third graders; follow-up
examinations in random subset

1866

4.8% (prevalence at 8-9
years old)

Hauser and Kurland (1975)

Rochester, Minnesota

Population based Retrospective review of records
(patient registry); children born
1935-1967

472 (city
population,
-55,000)

0.4% (mean annual
incidence in children
<5 years old)

Rossiter et al. (1977)

Geelong, Australia

Cohort

580

34.0% (cumulative
incidence, 0-3 years
old)

Prospective study of consecutive
births

Nelson and Ellenberg
(1976, 1978)

United States

Cohort

Bauman et al. (1978)

Rural Kentucky

Chiofalo et al. (1979)

Prospective study of children
born 1959-1966 at 12 urban
teaching hospitals (National
Collaborative Perinatal Project)

-54,000

3.5% (prevalence by age
7 years)

Population based Questionnaire, interview with
neurologist

4023

Chile

Population based Interview, examination by neurologist
in positive cases; children born in
1966

2085

1.7% (prevalence in chil
dren 6-16 years old)
5.2% (prevalence at age 9
years)

Ross et al. (1980)

United Kingdom

Cohort

Heijbel et al. (1980)

Northern Sweden

Population based Prospective

15,284

0.7% (annual incidence
in children 0-5 years
old)

Tsuboi (1984)

Fuchu, Tokyo
Miyake, Tokyo

Population based Retrospective. All 3-year-old children
presenting to physicians for regular
health examinations; urban and
rural populations

17,587

8.3% (prevalence)

Verity et al. (1985)

United Kingdom

Cohort

13,135

2.3% (cumulative inci
dence by age 5 years)

Zhao et al. (1987,
1991)

China—six cities

Population based Door-to-door survey by neurologist;
case-control study

63,195
(9198 under
age 12; cal
culated from
data in paper)

1.7% (prevalence in
children <4 years old);
2.1% (prevalence
through age 12 years);
0.6% (incidence in
children <4 years old)

Questionnaire to all children born
15,496
during one week of March 1958
(National Child Development Study)

Prospective study of children born
during one week in April 1970;
interviews by local health visitors
at age 5 years

2.4% (prevalence at age
11 years)

(continues)

TABLE 3

(continued)

Author

Location

Study type

Case ascertainment

Population
size

Febrile seizures

Forsgren et al. (1990)

Northern Sweden

Population based Prospective

15,420

4.1% (cumulative inci
dence by age 5 years);
0.46% (annual first at
tendance rate)

Offringa et al. (1991)

Rotterdam suburbs

Population based Cross sectional prevalence survey

3570

3.9% (cumulative inci
dence by age 6 years)

Monetti et al. (1995)

Northeastern Italy

Population based Questionnaire, interview by M.D.;
compare with clinic files

165 controls
without
epilepsy

1.8% (cumulative
incidence)

Okanetal. (1995)

Turkey

Population based Retrospective survey; interviews
by medical students, examina
tions by pediatricians

5002

4.5% (prevalence, 0-5
years)

Hackett et al. (1997)

Southern India

Population based Home interview of 8- to 12-year-olds
in a defined district, by psychologist
or psychiatrist

4340

10.1% (lifetime incidence)

Pal (1999)

West Bengal, India

Population based Structured questionnaire, home visit;
unmatched case-control study

59 controls

5.1% (prevalence among
controls)

Huang et al. (1999)
Chang et al. (2000)

Population based Prospective survey, case-control
study: telephone interview,
home visit

10,460

Taiwan

2.4% (prevalence among
children 3 years old)
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tive evaluation of febrile seizure occurrence. A potential disadvantage is that a
cohort born on the same day may reach the age of peak incidence for febrile
seizures during a month or season that is not the peak for the disorder (see Sec
tion IV,C).
The major differences between outcomes of clinic-based and populationbased studies of febrile seizures are illustrated in a metaanalysis of twenty-six
studies (Ellenberg and Nelson, 1980). Clinic-based studies reported the devel
opment of epilepsy in a much higher proportion of children with febrile seizures
(median 17%) than was found in population-based studies (median 3%). These
results support the notion that clinic-based studies are skewed toward dispro
portionately severe cases (Berg and Shinnar, 1994).

C. CASE ASCERTAINMENT:
W A S IT A FEBRILE SEIZURE?
In studying the frequency of febrile seizures, the initial and most obvious task
is to figure out if a clinical event was actually a febrile seizure. This determina
tion can be challenging, as most pediatricians and pediatric neurologists will at
test. To determine whether an event was a seizure, we must usually rely on the
history given by a witness, usually a parent. The historical details are often col
ored by vague recollections of the child's abnormal behavior at a time of extreme
stress. Important variables such as height (or even presence) of the preceding
fever, seizure onset characteristics (focal versus generalized), and duration of
the event are rarely recalled clearly. It is unlikely that the seizure duration will
be accurately estimated by the caretaker, especially for shorter events, which are
often overestimated. For longer febrile seizures, i.e., those still ongoing on ar
rival of emergency medical personnel or at the emergency room, durations may
be easier to estimate. In addition, there is uncertainty inherent in parental re
porting of febrile seizures. Based on their personal perceptions, cultural back
ground, and medical sophistication, parents may underplay the episode (e.g., if
they fear the stigma of an epilepsy diagnosis) or exaggerate its severity or du
ration [many parents feel their child is dying during a febrile seizures (Baumer
et al, 1981)]. In an interesting study, approximately 25% of patients with
known epilepsy (from medical records) denied having epilepsy on a question
naire (Beran et al, 1985).
Even physicians have a variable degree of comfort evaluating spells such as
febrile seizures. Other episodic conditions that may occur during a febrile ill
ness must be differentiated from a bona fide febrile seizure (Baumann, 1981).
The most frequent mimic of febrile seizures is a shaking rigor (shiver) (Rosman,
2000). Other conditions include febrile syncope (Stephenson, 1990), breathholding spells, febrile "toxic delirium," and even temper tantrums. Like a

