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DEFINITION AND CLASSIFICATION

The International League Against Epilepsy defines a febrile
seizure as “a seizure in association with a febrile illness in
the absence of a [central nervous system] infection or acute
electrolyte imbalance in children older than 1 month of age
without prior afebrile seizures.”1 The temperature associated
with the febrile illness must be greater than 38.4°C, although
the temperature may not be evident until after the seizure.
Prior epidemiologic studies have used either 1 month2–8 or
3 months9,10 as the youngest age of occurrence, whereas no
specific upper age limit was employed. Febrile seizures
have a peak incidence at about 18 months of age, are most
common between 6 months and 5 years of age, and onset
above age 7 years is rare, although it does occur. The child
can be neurologically normal or abnormal.

Febrile seizures can be classified as either simple or
complex. A simple febrile seizure is isolated, brief, and
generalized. Conversely, a complex febrile seizure is focal,

multiple (more than one seizure during the febrile illness),
or prolonged, lasting either more than 102–6,11 or 15 min-
utes.9–11 The child’s prior neurologic condition is not used
as part of the classification criteria.1,12

EPIDEMIOLOGY

Febrile seizures are the most common form of childhood
seizures, affecting between 2 and 4% of children in the
United States and Western Europe,4,8,9,13–15 9 to 10% of children
in Japan,16 and up to 14% of children in Guam.17 The peak
incidence of febrile seizures is at approximately 18 months
of age.

Most febrile seizures are simple. In a study of 428 chil-
dren with a first febrile seizure,11 at least one complex fea-
ture was noted in 35% of children, including focality (16%),
multiple seizures (14%), and prolonged duration (>10 min-
utes, 13%). Five percent of the total group experienced a
seizure lasting more than 30 minutes (ie, febrile status
epilepticus).11 Despite febrile status epilepticus represent-
ing only 5% of febrile seizures, it accounts for approxi-
mately one quarter of all episodes of childhood status
epilepticus18–23 and more than two thirds of status epilepti-
cus cases in the second year of life.23

Contrary to traditional beliefs, only 21% of the children
experienced seizures either prior to or within 1 hour of the
onset of fever; 57% had a seizure after 1 to 24 hours of fever,
and 22% experienced their febrile seizure more than 24 hours
after the onset of fever.5,6
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Risk Factors for First Febrile Seizure

Two studies have examined risk factors associated with
experiencing a febrile seizure (Table 1).24,25 In a 1993 case-
control population-based study, four factors were associated
with an increased risk of febrile seizures: (1) a first- or sec-
ond-degree relative with a history of febrile seizures, (2) a
neonatal nursery stay of >30 days, (3) developmental delay,
or (4) attendance at day care. There was a 28% chance of
experiencing at least one febrile seizure for children with
two of these factors.24 A second case-control study exam-
ined the issue of which children with a febrile illness were
most likely to experience a febrile seizure using febrile con-
trols matched for age, site of routine pediatric care, and date
of visit.25 Significant independent risk factors, on a multi-
variable analysis, were the height of the temperature and a
history of febrile seizures in a first- or higher-degree relative.
Gastroenteritis as the underlying illness appeared to have
a significant inverse (ie, protective) association with febrile
seizures.

Risk Factors for Recurrent Febrile Seizures

Overall, approximately one third of children with a first
febrile seizure will experience a recurrence; 10% will have
three or more febrile seizures.4–10,14,26–29 An assessment of var-
ious factors potentially associated with the recurrence of
febrile seizures is shown in Table 2. The most consistent risk
factors reported are a family history of febrile seizures and
onset of first febrile seizure at <18 months of age.4–7,9,10,14,26–29

This relationship is not attributable to a greater tendency
to experience seizures with each specific illness but rather
the longer period during which a child with a younger age of
onset will be in the age group at risk for febrile seizures.27,28,30

Two other definite risk factors for recurrence of febrile
seizures are peak temperature5–7,27,28,31 and the duration of
the fever prior to the seizure.5,6 In general, the higher the peak
temperature, the lower the chance of recurrence. In one
study, those with peak temperatures of 101°F had a 42%
recurrence risk at 1 year, compared with 29% for those with
a peak temperature of 103°F, and only 12% for those with a
peak temperature of ≥105°F.5,6 Second, the shorter the dura-
tion of recognized fever, the higher the chance of recurrence.
The recurrence risk at 1 year was 46% for those with a
febrile seizure within an hour of recognized onset of fever,
compared with 25% for those with prior fever lasting 1 to

24 hours, and 15% for those having more than 24 hours of
recognized fever prior to the febrile seizure.

Children with multiple risk factors have the highest
risk of recurrence.5,27 A child with two or more risk factors
has a greater than 30% recurrence risk at 2 years; a child with
three or more risk factors has a greater than 60% recurrence
risk.5 In contrast, the 2-year recurrence risk is less than
15% for a child with no risk factors (eg, older than 18 months
with no family history of febrile seizures, who experiences
a first febrile seizure associated with a peak temperature
>40°C after a recognized fever of more than 1 hour).5,27 A
recurrent febrile seizure is also more likely to be prolonged
if the initial febrile seizure was prolonged.11,27

The relationship between a family history of unpro-
voked seizures or epilepsy and the overall risk of febrile
seizure recurrence appears to be doubtful. Some studies
report a modest increase in the risk of febrile seizure re-
currence in children with a family history of unprovoked
seizures, but a large study in Rochester, Minnesota, found
no difference in recurrence risk between children with a
family history of epilepsy (25%) and those with no such
family history (23%).4 Other studies have found equivocal
results.5,6,27,28

The presence of a neurodevelopmental abnormality in
the child or a history of complex febrile seizures has not been
shown to be significantly associated with an increased risk
of subsequent febrile seizures.4–7,9,11,27,28 Ethnicity and sex
have also not been associated with a clear increased risk of
recurrent febrile seizures.

Risk Factors for Subsequent Epilepsy

The risk factors for developing epilepsy after febrile seizures
are summarized in Table 3. Following a single simple febrile
seizure, the risk of developing epilepsy is not substantially
different than the risk in the general population.2,3,9,13,32,33 Data
from five large cohorts of children with febrile seizures
indicate that 2 to 10% of children who have febrile seizures
will subsequently develop epilepsy.2,3,9,13,32,33

In each of these five large studies, the occurrence of a
family history of epilepsy and the occurrence of a complex
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Table 1. Risk Factors for First Febrile Seizure

In population24

First- or second-degree relative with history of FS
Neonatal nursery stay of >30 days
Developmental delay
Attendance at day care
Two of these factors → 28% chance of at least 1 FS

In children with a febrile illness25

First- or second-degree relative with history of FS
Height of temperature

FS = febrile seizure.

Table 2. Risk Factors for Recurrent Febrile Seizures

Definite risk factor
Family history of FS
Age <18 mo
Height of temperature
Duration of fever

Possible risk factor
Family history of epilepsy

Not a risk factor
Neurodevelopmental abnormality
Complex FS
>1 complex feature
Sex
Ethnicity

FS = febrile seizure.



febrile seizure were associated with an increased risk of sub-
sequent epilepsy.2,3,9,13,32,33 The occurrence of multiple febrile
seizures was associated with a slight but statistically sig-
nificant increased risk of subsequent epilepsy in two stud-
ies.2,33 One study found that children with a febrile seizure
that occurred within 1 hour of a recognized fever (ie, at
onset) had a higher risk for subsequent epilepsy than those
children with a febrile seizure associated with longer fever
duration.33 Two studies have found that very prolonged
febrile seizures (ie, febrile status epilepticus) were associ-
ated with an increased risk of subsequent epilepsy above that
of a complex febrile seizure that was less prolonged.2,33

The number of complex features in a febrile seizure may
possibly affect the risk of recurrence. Although one study
found that patients with two complex features (eg, pro-
longed and focal) had further increased risk of subsequent
epilepsy,2 another study did not detect this association.33 A
family history of febrile seizures, age at first febrile seizure,
and the height of fever at first seizure are not associated
with a differential risk of developing epilepsy.2,3,9,32,33 The only
common risk factor for both recurrent febrile seizures and
subsequent epilepsy was duration of fever prior to the
febrile seizure5,6,33; this may be a marker for overall seizure
susceptibility.

The types of epilepsy that develop are variable.2,34,35 In
general, the types of epilepsy that occur in children with prior
febrile seizures are varied and are not very different from
those that occur in children without such a history.34–36

Febrile seizures can also be the initial manifestation of spe-
cific epilepsy syndromes, such as severe myoclonic epilepsy
of infancy.37

It is controversial whether febrile seizures are simply
an age-specific marker of future seizure susceptibility or have
a causal relationship with the subsequent epilepsy.38,39 Two
factors support the former, and not the latter, interpretation.
There is no increased incidence of epilepsy in populations
with a high cumulative incidence of febrile seizures (eg, 10%
in Tokyo, Japan).16 Second, no evidence exists that treatment
of febrile seizures alters the risk of subsequent epilepsy.5,40–43

MORBIDITY AND MORTALITY

The morbidity and mortality associated with febrile seizures
are extremely low. Multiple studies have demonstrated no
evidence of permanent motor deficits following febrile
seizures or febrile status epilepticus.8–10,19,21,22,44–47 No reports
of acute deterioration of cognitive abilities have been noted
following febrile seizures, even in series limited to status
epilepticus.21,22,45,46,48–50 Three large studies have shown that
cognitive abilities and school performance of children with
febrile seizures were similar to those of controls.44,45,48,51

Prolonged febrile seizures do not appear to be associated
with adverse cognitive outcomes.45,46,48,50

No deaths were reported from the National Collabora-
tive Perinatal Project9,10 or the British cohort study.8,44,45 The
mortality of febrile status epilepticus in recent series is
extremely low.19–22,45–47,49

GENETICS

Genetic influences are evident in multiple studies. A posi-
tive family history of febrile seizures is a definite risk fac-
tor for both a first febrile seizure24,25 and recurrent febrile
seizures.4–7,9,27,28 Tsuboi reported a febrile seizure concor-
dance rate of 56% in monozygotic and 14% in dizygotic twins
in a study of 32 twin pairs and 673 sibship cases.52 Correla-
tion of clinical symptoms, including age of onset and degree
of fever, was larger in the twin pairs than in the sibship cases.
A separate data set from Rochester, Minnesota, demon-
strated similar results.53 Most likely, all children have some
increased susceptibility to seizures from fever at the specific
age window. Genetic influences are therefore likely to
account for some but not all of the cases.

Overall, there appears to be a multifactorial mode of
inheritance for febrile convulsions, but there may be a sub-
set of children with an autosomal dominant mode of inher-
itance.53–55 To date, no definitive gene or locus for febrile
seizure has been established. Some cases of febrile seizures
in large families have been linked to genes on chromo-
somes 8 and 19.54,56

INITIAL EVALUATION

Meningitis, encephalitis, serious electrolyte imbalance, and
other acute neurologic illnesses must be excluded to make
the diagnosis of a febrile seizure. A detailed history and phys-
ical and neurologic examinations are essential and can
eliminate many of the above. Routine serum electrolytes, cal-
cium, phosphorous, magnesium, complete blood count,
and blood glucose are of limited value in the evaluation of
a child above 6 months of age with a febrile seizure in the
absence of a suspicious history (eg, vomiting, diarrhea, etc)
or physical findings.14,57–60

The most common evaluation issue is whether a lum-
bar puncture is necessary to exclude meningitis. The inci-
dence of meningitis in children who present with an apparent
febrile seizure is between 2 and 5%.14,58–65 In each of these
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Table 3. Risk Factors for Subsequent Epilepsy

Definite risk factor
Neurodevelopmental abnormality
Complex FS
Family history of epilepsy
Duration of fever

Possible risk factor
>1 complex feature

Not a risk factor
Family history of FS
Age at first FS
Height of temperature
Sex
Ethnicity

FS = febrile seizures.



series, the majority had identifiable risk factors. In one
series, four features were noted in children with meningi-
tis: a visit for medical care within the previous 48 hours,
seizures on arrival to the emergency room, focal seizure, or
suspicious findings on physical or neurologic examina-
tion.61 In the absence of risk factors, other authors have found
a low yield for routine lumbar puncture.14,62,63,65

The American Academy of Pediatrics issued guidelines
for the neurodiagnostic evaluation of a child with a simple
febrile seizure between 6 months and 5 years of age.14 A lum-
bar puncture should be strongly considered in infants less
than 12 months of age. Children between 12 and 18 months
of age need careful assessment because the signs of menin-
gitis may be subtle. In the absence of suspicious findings on
history or examination, a lumbar puncture is not neces-
sary in children above 18 months of age. A lumbar puncture
is still recommended in children with a first complex febrile
seizure, as well as in any child with persistent lethargy. It
should also be strongly considered in a child who has
already received prior antibiotic therapy.

Skull radiographs are of no value. Computed tomog-
raphy (CT) scans are also of limited benefit in this clinical
setting and are used when there is concern about increased
intracranial pressure or when trauma is suspected. Magnetic
resonance imaging (MRI) scans are not indicated in children
with a simple febrile seizure.14 It is unclear whether an MRI
study is indicated in the evaluation of a child with a pro-
longed or focal febrile seizure.39,66

Electroencephalograms (EEGs) are of limited value in
the evaluation of the child with febrile seizures.14,67–70 Elec-
troencephalograms are more likely to be abnormal in older
children, children with preexisting neurodevelopmental
abnormalities, children with a family history of febrile
seizures, or children with a complex febrile seizure.36,67,69,71–74

Even if present, the clinical significance of these EEG abnor-
malities is unclear. There is no evidence that EEG abnormali-
ties help predict either recurrence of febrile seizures or the
development of subsequent epilepsy.14,36,67,69,71–75

PATHOPHYSIOLOGY

In general, febrile seizures appear to be an age-specific
occurrence, where increased susceptibility to seizures is
induced by fever. However, the detailed pathophysiology
remains unclear. Decades ago, the key factor was thought
to be the rate of rise of the fever76; recent data suggest that
the key factor is the actual peak temperature.25,77 Gas-
troenteritis is associated with a lower incidence of febrile
seizures,25 whereas herpesvirus-6 infections have had a high
reported association with febrile seizures.78–80

Animal models of febrile seizures also show an age-
dependent effect.81–84 In addition, in vitro preparations show
induction of epileptiform activity by temperature elevation
in the hippocampal slices in young rats.85 Recent animal data
from Baram and colleagues suggest that prolonged febrile
seizures may lead to long-lasting changes in the hippocampal
circuits. In a rat model of prolonged febrile seizures,

cytoskeletal changes in neurons were evident within 24 hours
and persisted for several weeks without leading to cell
loss.86 However, altered functional properties of these injured
neurons were evident.87,88 Nevertheless, even in this model
that has produced convincing data for functional changes,
a seizure duration of 20 minutes or more was required.
Seizures lasting 10 minutes or less were not associated with
any anatomic or functional changes.

As may be the case in humans, animals with preexist-
ing neurologic abnormalities are more susceptible to seizures
and to their consequences. Young rats with neuronal migra-
tion disorders appear more susceptible to hyperthermia-
induced seizures82 and are also more susceptible to
hippocampal damage. Interestingly, in this model, hip-
pocampal damage occurs with hyperthermia even in the
absence of seizures. The availability of animal models pro-
vides a new means of studying the pathophysiology of
febrile seizures and their consequences.

FEBRILE SEIZURES AND 

MESIAL TEMPORAL SCLEROSIS

It remains controversial whether prolonged febrile seizures
cause mesial temporal sclerosis.39,50 Retrospective studies
(from tertiary epilepsy centers) report that many adults
with intractable mesial temporal lobe epilepsy had a history
of prolonged or atypical febrile seizures in childhood.89–95

However, both population-based studies and prospective
studies of children with febrile seizures have failed to find
this association.2,8,9,13,33,38,45

In those studies that reported an association between
prolonged febrile seizures and mesial temporal sclerosis, the
duration of the febrile seizures was extremely prolonged.
Maher and McLachlan96 reported on a large family with a high
rate of both febrile convulsions and temporal lobe epilepsy.
The mean duration of the febrile seizures in those who sub-
sequently developed temporal lobe epilepsy was 100 min-
utes. VanLandingham et al66 reported that few children with
very prolonged (mean of >90 minutes) focal febrile seizures
had acute changes on an MRI, which, in some cases, were
followed by later chronic changes. However, these MRI
changes occurred only in a small minority of patients. Fur-
thermore, all cases of mesial temporal sclerosis in this study
occurred in patients who had focal seizures, some of whom
also had focal lesions, which raises the question of preex-
isting focal pathology.

Overall, febrile seizures are not likely to account for the
majority of cases of mesial temporal sclerosis. Febrile
seizures lasting more than 90 minutes are very rare and
are uncommon, even in series of febrile status epilepti-
cus.2,9,11,21,22,33,45,46,48,49,66,97 Very prolonged febrile seizures are
also usually focal.66,97 In cases of febrile status epilepticus,
imaging abnormalities are relatively uncommon.66 Mesial
temporal sclerosis can also be found in many patients who
have no prior history of febrile seizures.98–103 Recent clini-
copathologic studies have also provided evidence for mul-
tiple etiologies for mesial temporal sclerosis, as well as the
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frequent presence of dual pathology, such as subtle migra-
tion defects.100–103

TREATMENT

Overview

Two distinct approaches to the treatment of febrile seizures
have developed based on the perceived immediate and
long-term risks of febrile seizures. One approach is based
on the old idea that febrile seizures are harmful and may lead
to the development of epilepsy; this approach is aimed at
preventing febrile seizures by using either intermittent or
chronic treatment with medications.68,104,105 The second
approach is based on the epidemiologic data that febrile
seizures are benign; the only concern focuses on aborting
febrile seizures to prevent status epilepticus.

Stopping a Febrile Seizure

In Hospital

Ongoing seizure on arrival in the emergency department is
an indication for initiating therapy. Intravenous diazepam
is effective in most cases.20,106 Rectal diazepam or diazepam
gel would also be appropriate for use in a prehospital set-
ting such as an ambulance and in cases for which intravenous
access is difficult.20,107–109 Other benzodiazepines, such as
lorazepam, may also be effective but have not been ade-
quately studied.20,106 If the seizure continues after an adequate
dose of a benzodiazepine, a full status epilepticus treat-
ment protocol should be initiated.20,106

At Home

The majority of febrile seizures are brief, lasting less than
10 minutes, and no intervention is necessary. Rectal
diazepam or diazepam gel has been shown to be effective
in terminating febrile seizures and is the therapy of choice
for intervention outside the hospital.107–109 It should be used
with caution and only by reliable caregivers who have been
trained in its use. Families with children at high risk for, or
with a history of, prolonged or multiple febrile seizures11 and
those who live far from medical care are excellent candidates
to have rectal diazepam or diazepam gel readily available
in their homes. For many families, the availability of a rec-
tal diazepam formulation will relieve anxiety, even after a
single febrile seizure, even though they will most likely
never have to use it.110–112

Preventing a Febrile Seizure

Intermittent Medications at Time of Fever

Antipyretics. Despite the logical assumption that aggressive
treatment with antipyretic medication would reduce the
risk of having a febrile seizure, and the finding of case-con-
trol studies that the risk of a febrile seizure is directly
related to the height of the fever,25,77 there is little evidence
to suggest that antipyretics reduce the risk of a recurrent
febrile seizure.64,113 It should be noted that the children in

whom the febrile seizure occurs at the onset of the fever have
the highest risk of recurrent febrile seizures.5,6 Any recom-
mendations for antipyretic therapy should take into account
its limitations and avoid creating undue anxiety and guilt in
the parents.
Benzodiazepines. Diazepam, given orally or rectally at the
time of onset of a febrile illness, has demonstrated a sta-
tistically significant, yet clinically modest, ability to reduce
the probability of a febrile seizure.26,114–118 In one large, ran-
domized trial comparing placebo with oral diazepam (0.33
mg/kg/dose q8h with fever), 22% of the diazepam-treated
group had seizure recurrence by 36 months, compared with
31% of the placebo-treated group.118 One must weigh this
modest reduction in seizure recurrence with the side effects
of sedating children every time they have a febrile illness.
Barbiturates. Intermittent therapy with phenobarbital at the
onset of fever is ineffective in reducing the risk of recurrent
febrile seizures.119,120 Surprisingly, it is still fairly widely
used for this purpose.68,104,105

Daily Medications

Barbiturates. Phenobarbital, given daily at doses that
achieve a serum concentration of 15 �g/mL or higher, has
been shown to be effective in reducing the risk of recurrent
febrile seizures in several well-controlled trials.113,116,117,121–124

However, in these studies, a substantial portion of the chil-
dren had adverse effects, primarily hyperactivity, which
required discontinuation of therapy.125–127 More recent stud-
ies have cast some doubt on the efficacy of the drug and,
more importantly, have raised concerns about potential
long-term adverse effects on cognition and behavior.125,128

Chronic phenobarbital therapy is rarely indicated as the
risks seem to outweigh the benefits in most cases.
Valproate. Daily treatment with valproic acid is effective in
reducing the risk of recurrent febrile seizures in both human
and animal studies.84,117,123,124 However, it is very rarely used
since children considered most often for prophylaxis (young
and/or neurologically abnormal) are also the ones at high-
est risk for fatal idiosyncratic hepatotoxicity.129,130

Other Antiepilepsy Drugs. Despite evidence of effectiveness
when used in intermittent therapy, there is no experience
with chronic use of benzodiazepines for treatment of febrile
seizures. Even if effective, the toxicity of benzodiazepines
and adverse effect profile would likely preclude their wide-
spread use in this setting. Phenytoin and carbamazepine are
ineffective in preventing recurrent febrile seizures in humans
and in animal models of hyperthermia-induced
seizures.84,121,122,131 There are no published data on the effi-
cacy of the newer antiepilepsy drugs, such as gabapentin,
lamotrigine, topiramate, tiagabine, or vigabatrin, in the
treatment of febrile seizures.

Preventing Epilepsy

There is no evidence that preventing febrile seizures will
reduce the risk of subsequent epilepsy. One rationale for
starting chronic antiepilepsy therapy in children with
febrile seizures was to prevent the development of future
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epilepsy.68,104,105 In three studies comparing placebo with
treatment (either with daily phenobarbital or with diazepam
administered at the onset of fever), treatment significantly
and substantially reduced the risk of febrile seizure recur-
rence, but the risk of later developing epilepsy was no lower
in the treated groups than in the controls.26,40–43,120 No dif-
ference in the occurrence of epilepsy, or in school perfor-
mance or other cognitive outcomes, was seen between the
treated group and the control group in two of these studies
with more than 10 years of follow-up.40,41

Therapy Recommendations

Treatment is only rarely indicated for a simple febrile seizure;
no treatment is needed in most children with complex
febrile seizures or recurrent febrile seizures. A rational goal
of therapy would be to prevent very prolonged febrile
seizures. When treatment is indicated, particularly in those
at risk for prolonged or multiple febrile seizures11 or those
who live far away from medical care, rectal diazepam or
diazepam gel used at the time of seizure as an abortive
agent would seem the most logical choice.20,106–109 Daily
medications or benzodiazepines at the time of fever are
rarely used in the management of febrile seizures.

Counseling and Education

Counseling and education will be the sole treatment for
the majority of children with febrile seizures. Education is
key to empowering parents who have just experienced a very
frightening and traumatic event.132 Many parents are afraid
that their child could have died.133 Parents need to be reas-
sured that the child will not die during a seizure and that
keeping the child safe during the seizure is generally the only
action that needs to be taken.

The basic facts about febrile seizures should be pre-
sented to the family. The amount of information and the level
of content will depend largely on the medical sophistication
of the parents and their ability to attend to the information
given to them at that particular time. The parents’ percep-
tion of their child’s disorder will be an important factor in
their later coping and will ultimately impact on their per-
ception of quality of life.132

Parents will usually be interested in information that will
help them manage the illness or specific problems; lengthy
explanations are usually not helpful. Information should be
provided about how to manage further seizures should they
occur. This should include what to do during a seizure,
when it may be necessary to call the physician, and when
the child should be taken to the emergency department.

In those cases for which rectal diazepam or diazepam
gel is being recommended for the next seizure, explicit
instructions regarding its use should be given. As it is diffi-
cult to absorb all of this information in an emergency depart-
ment setting, it is usually advisable to see the family again
a few weeks later to review the information and answer any
additional questions they may have.

CONCLUSION

Febrile seizures are a common and mostly benign form of
childhood seizures. An understanding of the natural history
and prognosis will enable the physician to reassure the
families and provide appropriate counseling and manage-
ment while avoiding unnecessary diagnostic and thera-
peutic interventions.
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