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I What are Febrile Seizures?

Several definitions of febrile seizures exist. The National Institutes of Health (NIH)
Consensus Conference!? defined febrile seizures as “‘events 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.” More
recently the International League Against Epilepsy (ILAE)® defined febrile seizures
as “‘seizures occurring in childhood after age one month, associated with a febrile
illness not caused by an infection of the central nervous system, without previous
neonatal seizures or a previous unprovoked seizure, and not meeting criteria for
other acute symptomatic seizures.”

Note that the NIH and ILAE definitions differ in both the minimal and maxi-
mal age ‘“‘permitted” for febrile seizures, and this may cause confusion among parents
and physicians. In addition, although both the NIH and ILAE definitions exclude
children with prior afebrile seizures and those with seizures due to an intracranial
infection or other specific cause, they do not exclude children with preexisting
neurological deficits. This may confound studies looking at the cognitive outcome
of these seizures. Note also that “fever” is not defined. In general, a temperature
higher than 38°C*> or 38.4°C (101°F) has been defined as constituting fever.

The majority of febrile seizures occur early in the febrile episode and often are the
presenting sign of the fever.®® A typical scenario is a child who presents with a
seizure, and the presence of fever is discovered later, once the child arrives in an
emergency room. Whether the rate of temperature rise is an important determinant
of the occurrence of a febrile seizure, rather than the actual temperature achieved,
is not well substantiated.?'°
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| Frequency and Pathophysiology of Febrile Seizures

Several large population-based studies examined the incidence (the number of new
cases occurring in a defined population over a specified period of time) and the
prevalence (proportion of individuals in a population that has ever had the disorder)
of febrile seizures. They found similar rates (2 to 5%) in the Western world and
higher rates in Japan and Guam (Figure 2-1). For examples, in Rochester,
Minnesota, the annual incidence of febrile seizures was ~4/1000 children younger
than age 5, and ~2% of children experienced a febrile seizure by the age of 5.11:12
The large Oakland, California,'? and British studies'* also found that by the age of 5
years 2 to 2.3% of children had had a febrile seizure. The National Collaborative
Perinatal Project (NCPP) reported a somewhat higher rate (3.5%!5:19), that was
similar to results from Sweden (cumulative prevalence of 4.1% in children under
age 5'7) and Holland (a rate of 3.9%!8).

In contrast to their frequency in the Western world, febrile seizures occur in
~8 to 10% of Japanese children* and of those in Guam.!92° This increased inci-
dence is likely a result of both environmental factors (e.g., parents and children sleep
in close proximity, so that febrile seizures are more likely to be observed), as well as
genetic elements.
~ Why will a child have a febrile seizure? Current evidence supports the notion that
in a given child, environmental and genetic factors may interact to determine
whether that child will have a febrile seizure. Furthermore, the relative contribution
of each varies significantly: febrile seizures occur sporadically as well as run in
fa.mllles, where the contribution of genetic background to their onset is likely
higher.?! Looking at risk factors for febrile seizures, Bethune et al.2? found that
both attepding day care (increasing the chance of fever and infection) and a history
of a fgmll-y member with febrile seizure tripled the risk of having such seizures.
Contribution of presumed genetic background (presence of febrile seizures in a
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How does fever lead to a febrile seizure? Temperature influences neuronal
electrophysiological activity.>* For example, the function of ion channels such as
the TRPV4 (transient receptor potential vanilloid 4) are markedly dependent on
temperature in the physiological and fever ranges, ~36°C to 42°C.?> Children
can also develop seizures on simple hyperthermia and not fever, such as hyperther-
mia related to anticholinergic overdose?® or hot showers,?” suggesting that increased
temperature in itself can be a convulsant in children.

Recently, hyperthermia in an animal model has been shown to induce hyperven-
tilation resulting in alkalosis that in turn provoked seizures.?® This happened 25 to
30 minutes after the onset of the hyperthermia and was not observed in a second
febrile seizure model in an immature rat.?® In the latter case, seizures commenced
within A: 2.9 V 0.1 minutes of the onset of the hyperthermia procedure (n = 52),
and respiratory rates when seizures started B: 167 V 4.9, n = 12 did not differ
significantly from those rates prior to C: 161.8 V 2.6 or during the first minute of
D: 173 V 3.7 the hyperthermia. Whether alkalosis plays a role in febrile seizures in
children remains unknown.

Genetic susceptibility may increase the ability of fever to provoke seizures.
Recently, mutations of several ion channels that predispose to febrile seizures
have been described,>°33 including mutations of sodium?®3! and chloride
(GABA,4 receptor>2:33) channels. In many families, these febrile seizures are associ-
ated with epilepsy of diverse phenotypes, a syndrome termed GEFS* (generalized
epilepsy with febrile seizures plus).?>* Other single-gene mutations, such as in the
interleukin gene promoter (see later discussion) might also render individuals more
susceptible to febrile seizures,>>® and multigene interactions might contribute to
the occurrence of these seizures in a more complex and subtle way.

Fever may promote seizures via the function of pyrogenic cytokines
including interleukin-1.37->® This notion is supported by reports of mutations in
the interleukin-1 gene promoter that result in increased production of the cytokine in
individuals with febrile seizures,?® although the significance of this finding has been
debated.3® In summary, the contribution of gene-environment interaction to the
generation of febrile seizures, and to their potential causal relationship to epilepsy,*
is a topic of active investigation; increasingly sophisticated experimental tools should
rapidly advance our understanding of this question.

Specific infectious etiology of the fever might contribute to the generation of
human febrile seizures. A disproportionate number of febrile seizures has been
associated with infection with the human herpes virus 6 (HHV6) in some,*! but
not all, studies.*? This suggests that mechanisms specific to this virus, including
perhaps a unique profile of cytokine induction, might selectively augment neuronal
excitability and thus preferentially provoke seizures.

: Types of Febrile Seizures

Febrile seizures are divided into: (a) simple (~70 to 80% of the total>15.18:43-45),
(b) complex, and (c) febrile status epilepticus (FSE).

Simple febrile seizures are short generalized seizures, typically but not necessarily
motor, that last less than 1084¢ or 15'¢*> minutes. Specifically, these seizures do
not have focal features and do not recur within the same febrile episode (or within
24 hours from the first seizure). Complex febrile seizures are either longer, lasting
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>10 minutes8* or >15 minutes,'®*> have focal features, or recur within 24 hours
of the first episode!>#¢ or within the same febrile illness.*” Febrile status epilepticus
(FSE) is defined as febrile seizures longer than 30 minutes. Note that Scott et al.*“~"’9
define seizures lasting more than 30 minutes in normal children without intracranial
infection as prolonged febrile seizures rather than status epilepticus. .
Complex febrile seizures, and particularly febrile status epilepticus, are assoc@ted
with a higher risk of later epilepsy (see later discussion), so recognizing thgm is Qf
clinical importance. Recent research has found that the duration of a seizure is
regulated in each child independent of the probability of having a seizure. Thus,
Shinnar et al.>° have found that once a child has had a prolonged seizure, a subse-
quent seizure is likely to be prolonged as well. This is important for targeting
children for abortive therapy to prevent long febrile seizures (see later discussion).

I Outcome of Febrile Seizures

The outcome of febrile seizures is measured in terms of cognitive function
(e.g., school performance, cognitive tests) and the risk for developing epilepsy.
Several large studies have suggested that simple febrile seizures, nonfocal
and with a duration of less than 10 to 15 minutes, do not lead to long-term
sequelae!©:43:46.51.52 in either of these realms. However, a smaller study from
Taiwan cautioned that infants less than a year of age at the time of their seizure
might function less well in certain learning tasks.”>3* By and large, however, the
overwhelming evidence regarding simple febrile seizures is that they are benign.

The outcome of complex febrile seizures and of febrile status epilepticus is more
controversial.'6#:46.55 In terms of cognitive function, both the American National
Collaborative Perinatal Project'®->¢ and the British cohort® used general broad mea-
sures such as school performance as outcome and evaluated children at age 6 or 10,
not later. They concluded that complex febrile seizures do not alter cognition, but
their design, as mentioned earlier, limits the confidence of these conclusions.
Evaluations of cognitive outcome of prolonged febrile seizures or febrile status are
complicated by the fact that many epidemiological studies do not exclude children
who are prior neurologically compromised (see definition of febrile seizures in the
section “What Are Febrile Seizures?”). Inclusion of children with neurological def-
icits before the seizures occurred complicates attempts to look at the impact of these
seizures on intellect. Notably, British investigators have recently begun to better
define the populations they study to exclude children with neurological deficits.
The results of these studies should be helpful to sort out the consequences of these
seizures on the normal developing brain.>7

Whether prolonged febrile seizures and febrile status epilepticus lead to epilepsy
has been a subject of debate. Whereas prospective epidemiological evaluations have
provided little evidence for epileptogenesis,!6.45.46 retrospective analyses have
strongly linked a history of complex, and particularly of prolonged, febrile seizures
to temporal lobe epilepsy,>®-©! suggesting a potential contribution of febrile seizures
to epileptogenesis. It is not easy to reconcile these conflicting data, yet the reader

should bear in mind that each type of study has inherent limitations. Prospective

epidemiological studies benefit from large numbers and from the fact that they are
not skewed by clinical

populations in referral centers. In contrast, they usually do
not have long follow-up and may miss important associations. Retrospective studies



involve people who are identified after the fact (or with a known outcome, such as
epilepsy) and evaluated retroactively. These studies can identify associations in rel-
atively small populations, but are open to ascertainment and recall biases and may
assess selected (e.g., more severely affected) populations that do not reflect a general
principle.

Animal models of long febrile seizures have been used to address the question of
the potential epileptogenic consequences of these seizures. These models involved
induction of experimental febrile seizures in a normal rodent brain28:29.37.62-71 or i
animals that have been subjected to prior insults.”>-73 Recently, the use of an
experimental model of prolonged febrile seizures in immature rats found that
these seizures may promote limbic, temporal lobe epilepsy (TLE) in a minority of
animals. The mechanisms by which these seizures contribute to temporal lobe epi-
lepsy in this model are not fully resolved. However, the evidence suggests that the
seizures do not lead to *‘brain damage” (neuronal death).®3-7*75 Specifically, tran-
sient neuronal injury was provoked by these seizures, but the involved neurons did
not die.®> Neuronal counts in several brain regions with established vulnerability to
seizures failed to reveal cell loss.®>7%75 Studies for apoptosis did not show
increased cell death at any time point after the seizures,®> even when the seizures
were carried out for 60 minutes. In addition, neurogenesis that may be induced in
other developmental seizures”* did not follow experimental febrile seizures. Other
expected structural changes, including mossy fiber sprouting, were also minimal
after these seizures’*7°77 and did not explain the conversion of the hippocampal
circuit into a hyperexcitable one.

The likely mechanisms for seizure-evoked hippocampal hyperexcitability??:78.7°
involve profound and persistent molecular changes in hippocampal neurons that
lead to a change of their intrinsic excitability and their responses to input from other
neurons. Whereas the repertoire and sequence of molecular changes evoked by
experimental prolonged febrile seizures in this model have not yet been fully deter-
mined, persistent changes in the expression of specific ion channels likely play a
role, as do alterations in endocannabinoid signaling.®”

Following experimental prolonged febrile seizures, the properties of Iy,
a hyperpolarization-triggered cationic current that contributes to the maintenance
of neuronal membrane potential, subthreshold oscillations, and dendritic integra-
tion,882 in hippocampal neurons were altered.”®7® This led to increased
probability of frequency-dependent rebound depolarization in response to hyper-
polarizing input.7®7° At the molecular level, these changes were a result of long-
lasting altered expression of hyperpolarization-activated cyclic-nucleotide-gated
(HCN) channels that conduct this current, particularly a reduction of HCN1 iso-
forms, and perhaps also of increased formation of HCNI1/HCN2 heteromeric
channels.838* The relevance of the alterations in HCN channels and I, to
human epileptogenesis remains to be fully defined. Altered HCN1 channel expres-
sion was found in a subset of resected hippocampi from patients with temporal
lobe epilepsy and mesial temporal sclerosis, often with a history of early life
seizures. 8> This suggests that HCN channels are altered in human epilepsy.
However, whether mutations in HCN channel genes that alter I;, contribute to
human epilepsy remains unknown.

Altered endocannabinoid signaling also followed prolonged experimental febrile
seizures, contributing to hyperexcitability. This resulted from an increase in the
number of presynaptic cannabinoid type 1 receptors, which increased retrograde



inhibition of GABA release, promoting hyperexcitability.®” It is very likely that many
other enduring changes in the expression of key genes that govern neuronal and
network excitability may take place after experimental febrile seizures and perhaps
human prolonged febrile seizures. These are expected to coordinately alter the
probability of the occurrence of spontaneous seizures (i.e., epilepsy).

| Evaluation and Management of Febrile Seizures

The evaluation and management of the different types of febrile seizures depend on
the age and clinical setting of the child that presents with the seizure, as well as the
type of the seizures (simple, complex, or febrile status epilepticus). The first con-
sideration is whether the febrile seizure might be a herald of meningitis or menin-
goencephalitis, especially in young children (less than 12 months), where clinical
signs of CNS infection might be few.8¢ Because seizures may be the first sign of
meningitis in 13 to 16% of children with meningitis, and meningeal sign may be
absent or subtle in younger children, the American Academy of Pediatrics recom-
mends a lumbar puncture for all individuals younger than 12 months who present
with a febrile seizure and strong consideration of the procedure for older individuals,
up to 18 months of age.8” Beyond this consideration, several guidelines recommend
minimal evaluation and no treatment of a normal child with a simple febrile sei-
zure.!87-90 Thus, EEG, imaging, and preventive or abortive therapy are not
indicated.87:91.92

For prolonged febrile seizures (and less clearly for recurrent or focal types of
“complex” febrile seizures) the approach of clinicians is in flux. In the proper
clinical setting (e.g., with a strong family history) evaluation for GEFS*
(e.g., DNA for SCN1A mutations) might be indicated. With a prolonged seizure,
particularly if focal, magnetic resonance imaging (MRI) changes have been
reported,*¥:49.93 and imaging may be indicated, together with follow-up.

The role of electroencephalography (EEG) is still not clear. An early, large study®*
described EEG abnormalities in about a third of children with febrile seizures,
mostly consisting of global slowing. However, the presence of an abnormal
EEG did not correlate with seizure recurrence,”*%> or with the subsequent devel-
opment of epilepsy? and is not a required element of the evaluation of febrile
seizures.®” Novel data from the multicenter study of febrile status epilepticus
(FEBSTAT) is now emerging, suggesting that focal slowing after these seizures that
last more than an hour might predict MRI abnormalities (S. Shinnar, personal
communication).

Treatment of febrile seizures is rarely indicated. Prophylactic treatment of a child
with febrile seizures using barbiturates or valproate may reduce the number of fur-
ther seizures, but there is no evidence that this approach alters the probability of
developing epilepsy,”® and the side effects of daily medication are not justi-
fied.21:4652.96 Artempts at initiating prophylactic diazepam at the onset of fever
failed®”=*? because children became drowsy and irritable, thus reducing compliance.
In addition, most febrile seizures occur at the onset of the febrile illness—before
diazepam can be initiated.!%°

An emerging consensus is the notion that prolonged febrile seizures should be
prevented in anyone who has had a previous prolonged febrile seizure. This can be
achieved via abortive therapy using a benzodiazepine. The administration of rectal



diazepam??:101:102 or buccal or nasal midazolam!03:10% is rapidly effective, prevent-
ing a short febrile seizure from transforming to a prolonged one or to febrile status
epilepticus and often preventing stressful emergency room visits.

| Summary

Febrile seizures are common, and simple febrile seizures are benign. Much remains
to be learned about the pathophysiology of febrile seizures, the biological differences
of simple and prolonged seizures, as well as the consequences of the latter. The
emerging availability of biomarkers (e.g., imaging) for the consequences of long febrile
seizures might allow clinicians to determine whether a child is at risk of cognitive or
pro-epileptogenic sequelae from these prolonged febrile seizures and treat these
children specifically. For the majority of febrile seizures, treatment is not indicated.
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