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ABSTRACT - Aim. To review the literature about febrile seizures and
GEFS plus with special emphasis on management and outcome. Methods.
Selected literature review. Results. Febrile seizures are the most common
convulsive event in humans, occurring in 2-6% of the population. The
aetiology is complex with strong evidence for a heterogeneous genetic
predisposition interacting with fever of any cause, with certain viral infec-
tions having a greater effect. A large amount of literature has established
that febrile seizures have no long-term consequences on cognition or
behaviour. Unfortunately, about 40% of children with a first febrile seizure
will have a recurrence. The strongest predictor of recurrence is age
<14-16 months at the time of the first febrile seizure. Epilepsy follows
febrile seizures in ~3% cases, with the concepts of simple and complex
febrile seizures providing relatively weak prediction. Very prolonged febrile
seizures may lead to mesial temporal sclerosis and temporal lobe epilepsy
although the degree of risk remains uncertain. Investigations beyond estab-
lishing the cause of the provoking fever are nearly always unnecessary.
Treatment is mainly reassurance and there is some evidence that parents
eventually “come to grips” with the fear that their children are dying dur-
ing a febrile seizure. Antipyretic medications are remarkably ineffective
to prevent recurrences. Daily and intermittent prophylactic medications
are ineffective or have unacceptable side effects or risks. “Rescue” ben-
zodiazepines may prevent prolonged recurrences for selected patients
with a first prolonged febrile seizure although this has not been proven.
Genetic epilepsy with febrile seizures plus (GEFS+) is a complex autosomal
dominant disorder usually caused by mutations in SCN7A (a voltage-gated
sodium channel). One third of patients have febrile seizures only; two
thirds have a variety of epilepsy syndromes, both focal and generalized.
Conclusions. Febrile seizures may distress parents but rarely have any long-
term consequences. Reassurance is the only treatment for the vast majority.
Identifying patients with GEFS plus may lead to further investigations and
counselling.
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Definition

Febrile seizures are the result of a particular sensi-
tivity to fever in the developing brain, have a major
genetic predisposition, and nearly always have a
benign outcome. They have been defined as any
seizure associated with fever of >38°C (rectal or tym-
panic), but without CNS infection, in a child aged 6
months to 5 years (American Academy of Pediatrics,
2008). The age range is somewhat arbitrary with some
authorities suggesting two months as a lower cut off
(Capovilla et al., 2009). Febrile seizures occur in older
children, but very infrequently.

Basic epidemiology

The life-time prevalence of one or more febrile
seizures is 3-4% of all children in North America and
Western Europe, but has been reported to be some-
what higher in Finland, Japan and Guam (Nelson and
Ellenberg, 1976; Verity et al., 1985; Annegers et al., 1987).
This means that febrile seizures are the most common
convulsive events in humans and account for about
50% of the 8% lifetime risk of a seizure. The peak age is
18 months with about 80% of incident febrile seizures
occurring between 1 and 3 years of age (Nelson and
Ellenberg, 1976; Verity et al., 1985; Annegers et al., 1987).
As far as we are aware, mortality from a febrile seizure
has not been reported.

Risk factors for a first febrile seizure

Several studies have explored the profile of children
with a first febrile seizure. Bethune et al. compared
75 children presenting to an emergency room with
a first febrile seizure with 150 age-matched children
in the same emergency room (Bethune et al., 1993).
Factors statistically associated with a febrile seizure
were family history of febrile seizures, any suggestion
of neurological dysfunction or developmental disabil-
ity, delayed neonatal discharge, and attendance at day
care. Huang et al. summarized the statistically sig-
nificant independent risk factors for febrile seizures
reported inarticles thatemployed multivariate analysis
(Huang et al., 1999). These included: day care atten-
dance, parental education, prenatal maternal smoking
and/or alcohol intake, late-neonatal discharge, slow
development, degree of fever, gastroenteritis, and
family history of febrile seizures. Every study has
identified family history of febrile seizures as an impor-
tant risk factor, while other factors vary between
studies.

Based on these many studies, it becomes clear that
febrile seizures have a major genetic predisposition.

Febrile seizures and GEFS+

If a child has a febrile seizure, the risk that his/her
sibling will have a febrile seizure is 10-45% (Van Esch
et al., 1998). Monozygotic twins are more often con-
cordant for febrile seizures than dizygotic twins (53%
versus 18%) (Berkovic and Scheffer, 1998). Dizygotic
twins have a similar rate to that of their other sib-
lings. The febrile seizure tendency has been linked
to at least nine chromosome linkage sites, indicating
locus heterogeneity (Nakayama and Arinami, 2006). In
the past eight years, several more linkage sites have
been identified but the specific genes involved have
rarely beenidentified. Clearly, there are multiple genes
that influence the febrile seizure tendency. The mode
of inheritance is likely polygenic or autosomal domi-
nant with variable penetrance (Annegers et al., 1982;
Tsuboi and Endo, 1991). The specific disorder of GEFS+
is discussed below.

A single twin study has examined the concordance
of three febrile seizure types: “true” febrile seizures,
febrile seizures plus (seizures with fever which
occurred beyond 6 years of age or were associated with
afebrile generalized tonic-clonic seizures) and febrile
seizures with later epilepsy (Eckhaus et al., 2013).
Monozygotic twin pairs showed much greater concor-
dance for these febrile seizure types than dizygotic
twins, suggesting that there may be different genetic
factors that determine different febrile seizure types.
A genetic tendency is clearly insufficient in itself to
cause febrile seizures. Fever is required and several
studies suggest that the higher the temperature, the
higher the risk. Attendance at day care may increase
the risk of illness. It remains unclear why the suscep-
tibility for febrile seizures is age-dependent, however,
any other co-existent brain disturbance seems to con-
tribute to this age-dependent risk.

It is also unclear if specific viral illnesses have a
particular ability to provoke febrile seizures. Influenza
A has been strongly implicated (Chung and Wong,
2007; Hara et al., 2007; Frobert et al., 2011; Ozkan et al.,
2011). Human corona virus HKU1 has been associated
with a higher rate of febrile seizures than respiratory
syncytial virus, parainfluenza virus type 1, or aden-
ovirus (Lau et al., 2006). Human herpes virus type 6
(HHV®6) has been extensively studied (Suga et al., 2000;
Laina et al., 2010). Infantile roseola is caused by HHV6
and is typically accompanied by a high temperature.
HHV6 may invade the nervous system and it remains
unclear if the association between febrile seizures
and HHVG6 is simply the result of high fever or direct
cerebral “irritation”.

It has been clearly demonstrated that there is an
increased risk of febrile seizures shortly after many
childhood vaccinations, including cellular pertussis
(Hirtz et al., 1983). It is now understood that this asso-
ciation is simply based on vaccine-induced fever in a
susceptible child (Brown et al., 2007).
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The role of inflammatory mediators has been explored
with a suggestion that certain interleukin alleles are
associated with increased susceptibility (Tsai et al.,
2002; Virta et al., 2002; Kanemoto et al., 2003; Ishizaki
et al., 2009; Serdaroglu et al.,, 2009; Kira et al., 2010;
Chou et al., 2010), and others with reduced risk. This is
a complex area of research and susceptibility may vary
with ethnic group (Wu et al., 2012). The serum levels
of several interleukins were increased in 41 children
with a febrile seizure compared with febrile controls
(Haspolat et al., 2005), but this study has not been
replicated (Tomoum et al., 2007; Salam et al., 2012).
Other genetic factors have been studied. In a study of
100 Egyptian children, a GABRG2 polymorphism was
associated with febrile seizures (Salam et al., 2012).
Additional factors that have been explored are trace
metal serum levels. One Indian study suggested that
serum zinc levels were lower in children with febrile
seizures (Ganesh and Janakiraman, 2008), with a con-
firmatory study from Bangladesh (Mollah et al., 2008).
Lower selenium levels have been noted (Mahyar et
al., 2010) and several studies have reported decreased
serum iron (Idro et al., 2010).

In summary, we are still along way from understanding
why an individual child might have a febrile seizure.

Differential diagnosis

Febrile myoclonus should be distinguished from
febrile seizures. The age range for this disorder
is similar. During fever, these infants have promi-
nent myoclonic jerks, mostly involving the upper
extremities. Convulsive seizures do not occur and the
disorder vanishes with age. It has not been extensively
studied, but is widely recognized (Rajakumar and
Bodensteiner, 1996).

Syncope with fever should also be distinguished. A
febrile infant suddenly becomes limp, lifeless and
pale (Stephenson, 1990; Stephenson et al, 2004).
This scenario has sometimes been identified as an
“atonic” febrile seizure, but we suspect that the vast
majority have syncope as the aetiology. The prognosis
is equally good.

There are children who have seizures in association
with illness (particularly gastroenteritis), but do not
have fever at the time of presentation. Their prognosis
is also good, but they may have a slightly higher risk of
subsequent epilepsy than those with febrile seizures
(Lee and Ong, 2004).

Consequences of febrile seizures

Simple versus complex febrile seizures

Through the last 35 or more years, there has been
a strong effort in the literature to separate sim-

ple febrile seizures from complex febrile seizures
(Nelson and Ellenberger, 1976; Annegers et al., 1987).
The concept is that simple febrile seizures are asso-
ciated with a very low risk of long-term sequelae,
while complex febrile seizures carry a much greater
risk. We believe this distinction has been overem-
phasized. A simple febrile seizure lasts less than 10
minutes, is generalized, and does not repeat in the
same illness. A complex febrile seizure may be long
(>15-20 minutes), focal, or repeated in the same ill-
ness. Subjects with simple febrile seizures have a risk
of subsequent epilepsy of 2-3%, which is greater than
that in the general population, but clinically unimpor-
tant. Complex febrile seizures are followed by epilepsy
in 4-15%, depending on the number of complex fea-
tures (Nelson and Ellenberger, 1976; Annegers et al.,
1987). While this increased risk is statistically differ-
ent, the medical significance is not likely very great;
even those identified as being at very high risk with
several complex features still have an 85% chance
of not developing epilepsy. In addition, complex fea-
tures are very common; up to 40% of children with
a first febrile seizure will have at least one complex
feature.

It is also very likely that complex features are
poorly recognized by distressed parents. Confu-
sion with the postictal state makes an estimate of
seizure length inaccurate. Postictally, some children
with febrile seizures continue to have tonic pos-
turing or eye deviation - who knows when the
seizure stopped! (Yamamoto, 1996). Focal features
are inconsistently noted based on video recordings
of seizures that have been reviewed by physicians
and family members, and the emotionally charged
time during a first febrile seizure leads to even less
accuracy (Rugg-Gunn et al., 2001). We suspect that
repeated seizures within anillness are more accurately
recalled.

Recurrences

About 20-40% of children with a first febrile seizure
will have a recurrence. The risk of recurrence after a
second febrile seizure is similar (Nelson and Ellenberg,
1976; Verity et al., 1985; Annegers et al., 1987). Very few
children have more than three febrile seizures. Some
of the predictive factors for recurrence are noted in
table 1. The most consistent and powerful predictor
of recurrence is a first febrile seizure at age <12-16
months. Berg and coworkers attempted to identify
additional independent factors that could be used to
predict recurrence (Berg et al., 1997). These included
“young age at onset, a history of febrile seizures in a
first-degree relative, low degree of fever while in the
emergency department, and a brief duration between
the onset of fever and the initial seizure”. Children
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Table 1. Statistically significant predictive factors of aspects of febrile seizures
-who has a first seizure, who recurs, and who later develops epilepsy?

Prediction of Prediction of Prediction of

an incident recurrence after a epilepsy after a first

febrile seizure first febrile seizure  febrile seizure
Family history of febrile seizures in a first degree relative + + -
Developmental delay or neurological problems + - +
Complex febrile seizure (focal, prolonged, repeated) - +
Age at onset <18 months + -
Level of temperature at first seizure + -
Duration of illness before seizure + -
Attendance at day care centre + + (possible) -

with all four of these factors had a recurrence risk of
70%, while those with no factors had a recurrence risk
of only 20%.

Brain injury

There is very strong evidence from multiple stud-
ies that febrile seizures do not damage the brain
(Ellenbergand Nelson, 1978; Verity et al., 1998; Sillanpaa
et al,, 2011). Children who have had febrile seizures
have the same cognitive skills as their unaffected sib-
lings or population-based controls. The NCPP study
recruited 55,000 mothers before they delivered, and
followed the children to age 7 years. There were 431
sibling pairs, discordant for febrile seizures: one child
had >1 febrile seizure, the other had none. At age
7, their scores on the WISC (a general measure of
intelligence) and the WRAT (a measure of scholastic
achievement) were identical, unless they were known
to be neurologically abnormal prior to the febrile
seizure (Ellenberg and Nelson, 1978). The British study
followed a cohort of 14,676 children in the UK who
were all born during the same week (Verity et al., 1998).
During follow-up at age 10 years, those with febrile
seizures had identical scores on standardized intel-
lectual and behavioural tests to those without febrile
seizures. A cohort of 900 newborns in Finland was fol-
lowed to age 18, and again those with febrile seizures
did not differ from controls in intellectual outcome
(Sillanpaa et al., 2011).

The particular issue of mesial temporal sclerosis fol-
lowing a prolonged febrile seizure requires a separate
discussion. The duration of febrile seizures seems to
be divided into two populations; those with a febrile
seizure that lasts a few minutes up to 5-10 minutes
and those that continue well beyond 15 minutes
(Hesdorffer et al., 2011). There is no doubt that a

small number of children will have a very prolonged
febrile seizure, usually focal, followed eventually by
intractable temporal lobe epilepsy. The risk appears to
be about1in 75,000 children (Camfield et al., 1994). The
MRI in many of these patients shows mesial temporal
sclerosis and their response to epilepsy surgery is
typically very good. Some of these patients have dual
pathology, for example, mesial temporal sclerosis in
conjunction with a localized cortical dysplasia. MRI
shortly after a prolonged febrile seizure, and then
later, has suggested that hippocampus swelling in
some is followed subsequently by MTS, although the
hippocampal swelling may be bilateral and MTS is
usually unilateral (VanLandingham et al., 1998; Scott et
al., 2006).

The aetiology of MTS is more complex than just an
effect of febrile seizures. There are people with MTS
who have never had a febrile seizure and some with-
out any seizures at all. This means that the cause and
effectrelationship between prolonged febrile seizures
and MTS is complex. Children with Dravet syndrome
have repeated, very long, focal febrile seizures in the
first year of life. Much to our surprise, it appears
that the majority do not develop MTS (Guerrini et al.,
2011) - why, is unknown. In addition, there appears
to be an association between a polymorphism of the
SCNT1A gene and the combination of febrile seizures
with MTS and temporal epilepsy that is not associated
with other types of epilepsy following febrile seizures
(Kasperaviciute et al., 2013).

The USA Febstat study is addressing some of the issues
about prolonged febrile seizures. From multiple emer-
gency rooms, this study recruited 191 patients with a
very prolonged febrile seizure (longer than an hour).
Ten percent showed mesial temporal T2 changes on
MRI within 72 hours, although it remains unreported
how many went on to develop MTS and temporal lobe
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epilepsy (Shinnar et al., 2012). This study also showed
that children with a very prolonged febrile seizure,
compared with controls, were at an increased risk of
a partially malrotated hippocampus, a minor develop-
mental anomaly. Surprisingly, the malrotation was most
often contralateral to the side with the T2 MRI changes.
Another very important study regarding the conse-
quences of prolonged febrile seizures is that of a
population-based epidemiological and clinical study
of children from a geographical area in North London,
England. Febrile status epilepticus was documented
to be the most common “cause” of status epilepticus
in small children. MRI findings included reversible
changes in white matter (Yoong et al.,, 2013a). Hip-
pocampal volume loss was documented over time
in 80 children, in 20-30% of children with status
epilepticus, regardless of the aetiology (Yoong et al.,
2013b). Neuropsychological testing of a subgroup of
the patients with febrile status showed a significant,
possibly permanent, decrease in recognition memory
compared with controls when testing was carried
out shortly after the febrile status and a year later.
Memory loss was related to loss of hippocampal
volume (Martinos et al., 2012).

Because of the concern about long-term effects of pro-
longed febrile seizures, it is prudent to treat febrile
status as promptly as possible. It is also relevant that
those with a first prolonged febrile seizure have per-
haps a 20-30% risk of a prolonged recurrence. The
families of these children may be candidates for learn-
ing how to deliverathome a “rescue” benzodiazepine,
such as buccal midazolam or rectal diazepam.

Epilepsy

Febrile seizures are followed by epilepsy (recurrent
afebrile seizures) in 2-4% by age 7 years; a longer
follow-up period appears to reveal a higher risk of
epilepsy, possibly up to 6% (Nelson and Ellenberg,
1976; Annegers et al., 1987).

As mentioned above, the risk of epilepsy after a sim-
ple febrile seizure is only about 2% and after a complex
febrile seizure, perhaps 2-3 times as high. This differ-
ence is statistically significant but of doubtful clinical
significance. The majority of children who develop
epilepsy after a febrile seizure do so after a simple
febrile seizure, not a complex febrile seizure; this
seeming paradox is explained by the fact that simple
febrile seizures are more common and that the chance
of subsequent epilepsy is not all that much greater
after a complex febrile seizure.

Based on data from Olmstead County (Rochester, Min-
nesota), it appears that if epilepsy follows a simple
febrile seizure, it is more likely to be generalized
epilepsy, and if the febrile seizure is complex, the
epilepsy is more likely to be focal (Annegers et al.,

1987). These findings have not been replicated and
are based on a very small sample size, although the
population-based methodology is very sound.

When population-based cohorts of children with
epilepsy are questioned, about 15% have had a previ-
ous febrile seizure which leads to the conclusion that
febrile seizures rarely lead to epilepsy, but epilepsy
is fairly frequently preceded by febrile seizures
(Camfield et al., 1994). The type and cause of epilepsy
does not seem to correlate with the incidence of previ-
ousfebrile seizures, suggesting that the genetic predis-
position that leads to febrile seizures is a fundamental
determinant of an individual’s seizure threshold.

Effect on the family

Several studies have reported interviews with parents
shortly after their children had a febrile seizure. Par-
ents nearly always indicate that they thought their child
was dying during the seizure, a fright that probably
leads to disrupted sleep for parents and changes in
family routine for quite some time (Bethune et al., 1990;
van Stuijvenberg et al., 1999).

Despite this fright, it is interesting that, at the end of
a Finnish prospective study of children followed from
birth through the teenage years, parents sometimes
had forgotten the febrile seizure and some parents
reported febrile seizures when comprehensive med-
ical reports failed to document them (Sillanpaa et al.,
2008).

In Nova Scotia, we studied 75 children who pre-
sented to an emergency room with their first febrile
seizure compared to 75 age-matched controls with
fever and no seizure, and 75 without fever (Gordon et
al., 2000). Because all Canadians are automatically cov-
ered equally by a national health care system, there is
no financial barrier to medical care. We used provincial
administrative databases that document all physician
visits and hospitalizations to show that the children
with febrile seizures consumed equal amounts of
health care over the next 7-10 years. These findings
suggest that even though parents are very distressed
initially, they do not translate this fear into excessive
doctor visits; they seem to “get over it”.

Investigations

At acute presentation

There has been a seemingly endless series of reports
addressing the question of the necessity for a lum-
ber puncture (LP) when a child presents with a
febrile seizure. The issue is to exclude meningitis. The
American Academy of Pediatrics Practice Parameter
indicated that if the child is older than 12 months and
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looks “well”, an LP is not required (American Academy
of Pediatrics, 1996, 2011). If the child is younger than
a year, there is a sense that the physical findings of
meningitis may be more subtle and therefore an LP
should be strongly considered. Overall, our sense is
that experienced physicians do very few LPs, while less
experienced doctors are safer doing more (Offringa
and Moyer, 2001).

There is apparently little reason to measure blood elec-
trolytes. Several years ago, one study suggested that if
the serum sodium was decreased, the risk of a recur-
rentfebrile seizure within thatillness was considerably
increased. Subsequent studies failed to confirm this
finding (American Academy of Pediatrics, 1996, 2011).
Blood glucose and complete blood count are not rou-
tinely recommended.

If the child recovers promptly from a febrile seizure,
there is no value in a head CT scan. Radiation from
the current generation of CT scanners is significant
(American Academy of Pediatrics, 1996). MRI has not
been systematically studied as an acute investigation,
but there would seem little justification.

Investigations during follow-up

A controversy swirls around the value of EEG after
a febrile seizure. Within a few days, even up to two
weeks, after a febrile seizure, the EEG background may
show diffuse slow wave activity. If repeated at a later
date, this abnormality resolves, so its identification is
of little value.

A spike discharge may be found in children who have
had a febrile seizure -does this mean that they are at
increased risk of subsequent epilepsy? A very care-
ful protocol, reported in 1968 by Frantzen, mandated
repeated EEGs over several years in children who had
experienced a febrile seizure (Frantzen et al., 1968).
Those with a spike discharge were no more likely to
develop epilepsy than those without. About 8% of nor-
mal children without seizures of any kind will have
a spike discharge during a sleep EEG and yet never
have a seizure -the child with a febrile seizure and
EEG spikes is similarly unlikely to have a further seizure
(Eeg-Olofsson et al., 1971).

In summary, beyond a careful examination to exclude
meningitis, no acute or later investigations are justi-
fied, otherthan those that seem appropriate to address
the cause of the fever. We strongly endorse a follow-up
visit within a week or two to help the family come to
grips with what has been a traumatic situation.

Treatment

Acute management of febrile status follows the usual
protocol for status of any kind. An intravenous, buc-
cal or rectal dose of a benzodiazepine will stop most

Febrile seizures and GEFS+

episodes of febrile status. Buccal midazolam is appar-
ently more effective than rectal diazepam (McMullan
et al., 2010).

Long-term AED treatment is rarely, if ever, indicated.
Daily phenobarbital may be effective, although a meta-
analysis has shed some doubt (Camfield et al., 1980;
Newton, 1988). Behavioural and cognitive side effects
of phenobarbital should discourage its use. Valproic
acid may be effective, but has not been extensively
studied and is associated with rare fatal toxic hepatitis.
Intermittent medication given just at the time of fever
will often fail because the seizure may be the first indi-
cation of fever. Oral intermittent diazepam at 0.1 mg/kg
was ineffective in a randomized clinical trial (Uhari et
al.,1995). Inalarger study, adose of 0.3 mg/kg diazepam
was marginally effective, although the number needed
to treat, to prevent a single recurrent febrile seizure,
was 12 (Rosman et al.,, 1993; Camfield et al., 1995).
In addition, about 25% of those treated had signif-
icant side effects, including somnolence and ataxia;
symptoms that might interfere with the assessment for
meningitis (Rosman et al., 1993). We have concluded
that oral intermittent diazepam should not be used to
attemptto preventrecurrentfebrile seizures (Camfield
et al., 1995).

Oral intermittent clobazam has been the subject of
several randomized clinical trials in India. It seems to
have fewer side effects than diazepam and may be an
alternative, if treatmentis deemed essential because of
parental anxiety; there seems to be little other advan-
tage for the child (Khosroshahi et al., 2011; Offringa
and Newton, 2012).

Antipyretic medications and treatments

Since fever is a critical part of a febrile seizure, it
seems intuitively correct that antipyretic treatment
should reduce recurrences. Alas, this has not turned
out to be correct. Patients for study are those with
one or more febrile seizures and the goal is to try to
prevent recurrences. Well constructed randomized
trials of appropriate doses of acetaminophen (Uhari et
al., 1995), ibuprofen (van Stuijvenberg et al., 1998) and
diclofenac (Strengell et al., 2009) have failed to show
any benefit. In addition, sponging with tepid water
does not reduce the temperature (Newman, 1985).

In avery real way, parents whose child has had a febrile
seizure need to know that there is no reasonable way
to prevent a recurrence. They need to know that over
the next few years, the problem will vanish and there
will be no sequelae.

GEFS+

Scheffer and colleagues described several Australian
families with a remarkable disorder that they initially
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called “generalized epilepsy with febrile seizures plus
(GEFS+)” (Scheffer and Berkovic, 1997). The name
has been changed to “genetic epilepsy with febrile
seizures plus” (still GEFS+) because the associated
epilepsy may be focal.

This disorder is typically inherited with autosomal
dominance and variable penetrance. About one third
of affected family members only have febrile seizures,
although the febrile seizures tend to recur well beyond
5-6 years of age, even up to the teenage years.
About one third develop a few afebrile generalized
tonic-clonic seizures in childhood with remission in
adolescence. The remaining one third may have a
variety of generalized epilepsies, including childhood
absence and myoclonic astatic epilepsy. In addition,
some families include patients with focal epilepsy,
particularly temporal lobe epilepsy, of varying sever-
ity. A rare member of a GEFS+ kindred may develop
Dravet syndrome, although most Dravet patients have
de novo SCNTA mutations and are not members of
GEFS+ families (De Jonghe, 2011).

Genetic studies of GEFS+ families have found that
many, but not all, have a mutation in SCNTA, typi-
cally a missense mutation. Clearly, these mutations
are inherited with autosomal dominance and about
80% of those with a mutation will have some form of
seizure disorder, as outlined above. It remains unclear
why affected members may have such a variety of
seizure disorders. A few families with GEFS+ have been
reported to have mutations in the neuronal sodium
channel voltage-gated genes SCN2A and SCN1B. A
few others have been demonstrated to have muta-
tions in GABA(A) receptor subunit genes (GABRG2
and GABRD). Therefore, the syndrome of GEFS+ may
arise from a variety of different mutations even though
mutations in SCNTA predominate and the genetic aeti-
ology for many families presently remains unknown.
The exact proportion of families with GEFS+ without
a known mutation is not easily studied, particularly
because the diagnosis of GEFS+ in small families may
be difficult.

Speculation

It is interesting to speculate about the biological
importance of febrile seizures. They are common and
typically benign which is not surprising. Any disorder
that affects 4% of the population early in life must
be relatively benign or should vanish with natural
selection. Febrile seizures arise due to many causes,
including multiple gene mutations or polymorphisms,
but also represent a complex interaction between
genes and environment. We have speculated that the
genes involved in the febrile seizure tendency are very
important determinants of the seizure threshold for an
individual. As humans, we appear to pay a price for our

complex brains and all are capable of having a seizure
with the “correct” combination of factors. The febrile
seizure tendency plays a large role in this “correct,”
but individual, combination. O

Disclosures.

The authors have no conflicts of interest relevant to this
manuscript and have not received any financial support related
to this manuscript.

References

American Academy of Pediatrics. Provisional Committee on
Quality Improvement, Subcommittee on Febrile Seizures.
Practice parameter: the neurodiagnostic evaluation of the
child with a first simple febrile seizure. Pediatrics 1996; 97:
769-72; discussion: 773-5.

American Academy of Pediatrics. Steering Committee on
Quality Improvement and Management, Subcommittee on
Febrile Seizures. Febrile seizures: clinical practice guide-
line for the long-term management of the child with simple
febrile seizures. Pediatrics 2008; 121:1281-6.

American Academy of Pediatrics, Subcommittee on Febrile
Seizures. Febrile seizures: guideline for the neurodiagnostic
evaluation of the child with asimple febrile seizure. Pediatrics
2011;127:389-94.

Annegers JF, Hauser WA, Anderson VE, Kurland LT. The
risks of seizure disorders among relatives of patients with
childhood-onset epilepsy. Neurology 1982; 32: 174-9.

Annegers JF, Hauser WA, Shirts SB, Kurland LT. Factors prog-
nostic of unprovoked seizures after febrile convulsions. N
Engl ] Med 1987; 316: 494-8.

Berg AT, Shinnar S, Darefsky AS, et al. Predictors of recurrent
febrile seizures. A prospective cohort study. Pediatr Adolesc
Med 1997;151:371-8.

Berkovic SF, Scheffer IE. Febrile seizures: genetics and rela-
tionship to other epilepsy syndromes. Curr Opin Neurol
1998; 11:129-34.

Bethune P, Gordon KG, Dooley JM, Camfield CS, Camfield
PR. Which child will have a febrile seizure? Am J Dis Child
1993; 147:35-9.

Bethune P, Gordon K, Dooley J, Camfield P, Camfield C. Use
of an educational slide tape program for parents in the emer-
gency room management of a first febrile seizure. Clin Invest
Med 1990; 4: B105 (abs).

Brown NJ, Berkovic SF, Scheffer IE. Vaccination, seizures and
“vaccine damage”. Curr Opin Neurol 2007; 20:181-7.

Camfield PR, Camfield CS, Shapiro S, Cummings C. The
first febrile seizure - antipyretic instruction plus either phe-
nobarbital or placebo to prevent a recurrence. | Pediatr
1980; 97:16-21.

Camfield PR, Camfield CS, Gordon K, Dooley JM. What types
of epilepsy are preceded by febrile seizures? A population
based study of children. Dev Med Child Neurol 1994; 36:
887-92.

130

Epileptic Disord, Vol. 17, No. 2, June 2015


http://www.ncbi.nlm.nih.gov/pubmed?term=American Academy of Pediatrics. Provisional Committee on Quality Improvement, Subcommittee on Febrile Seizures. Practice parameter: the neurodiagnostic evaluation of the child with a first simple febrile seizure
http://www.ncbi.nlm.nih.gov/pubmed?term=Steering Committee on Quality Improvement and Management, Subcommittee on Febrile Seizures. Febrile seizures: clinical practice guideline for the long-term management of the child with simple febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Febrile seizures: guideline for the neurodiagnostic evaluation of the child with a simple febrile seizure
http://www.ncbi.nlm.nih.gov/pubmed?term=The risks of seizure disorders among relatives of patients with childhood-onset epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Factors prognostic of unprovoked seizures after febrile convulsions
http://www.ncbi.nlm.nih.gov/pubmed?term=Predictors of recurrent febrile seizures. A prospective cohort study
http://www.ncbi.nlm.nih.gov/pubmed?term=Febrile seizures: genetics and relationship to other epilepsy syndromes
http://www.ncbi.nlm.nih.gov/pubmed?term=Which child will have a febrile seizure?
http://www.ncbi.nlm.nih.gov/pubmed?term=Use of an educational slide tape program for parents in the emergency room management of a first febrile seizure
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaccination, seizures and vaccine damage
http://www.ncbi.nlm.nih.gov/pubmed?term=The first febrile seizure antipyretic instruction plus either phenobarbital or placebo to prevent a recurrence
http://www.ncbi.nlm.nih.gov/pubmed?term=What types of epilepsy are preceded by febrile seizuresprotect �egingroup def MessageBreak {
               }immediate write @unused {
LaTeX Warning: ISO entity &quest; undefined.
}endgroup +&quest  A population based study of children

Camfield PR, Camfield CS, Gordon K, Dooley JM. Prevention
of recurrent febrile seizures. J Pediatr 1995; 126: 929-30.

Capovilla G, Mastrangelo M, Romeo A, Vigevano F. Recom-
mendations for the management of “febrile seizures”: Ad
hoc Task Force of LICE Guidelines Commission. Epilepsia
2009; 50(1): 2-6.

Chou IC, Lin WD, Wang CH, Tsai CH, Li TC, Tsai F). Interleukin
(IL)-1beta, IL-1 receptor antagonist, IL-6, IL-8, IL-10, and tumor
necrosis factor alpha gene polymorphisms in patients with
febrile seizures. | Clin Lab Anal 2010; 24: 154-9.

Chung B, Wong V. Relationship between five common
viruses and febrile seizure in children. Arch Dis Child
2007;92:589-93.

De Jonghe P. Molecular genetics of Dravet syndrome. Dev
Med Child Neurol 2011;53(2): 7-10.

Eckhaus ], Lawrence KM, Helbig I, et al. Genetics of febrile
seizure subtypes and syndromes: a twin study. Epilepsy Res
2013; 105: 1-2.

Eeg-Olofsson O, Petersén |, Selldén U. The development of
the electroencephalogram in normal children from the age
of 1 through 15 years. Paroxysmal activity. Neuropadiatrie
1971; 2:375-404.

Ellenberg]H, Nelson KB. Febrile seizures and later intellectual
performance. Arch Neurol 1978;35:17-21.

Frantzen E, Lennox-Buchthal M, Nygaard A, Stene J.
Longitudinal EEG and clinical study of children with
febrile convulsions. Electroencephalogr Clin Neurophysiol
1968; 24:197-212.

Frobert E, Sarret C, Billaud G, et al. Pediatric neurological
complications associated with the A(HIN1) pdm09 influenza
infection. J Clin Virol 2011;52:307-13.

Ganesh R, Janakiraman L. Serum zinc levels in children with
simple febrile seizure. Clin Pediatr (Phila) 2008; 47: 164-6.

Gordon KE, Camfield PR, Camfield CS, Dooley JM, Bethune P.
Children with febrile seizures do not consume excess health
care resources. Arch Pediatr Adolesc Med 2000; 154:594-7.

Guerrini R, Striano P, Catarino C, Sisodiya SM. Neuroimag-
ing and neuropathology of Dravet syndrome. Epilepsia
2011;52(2):30-4.

HaraK, Tanabe T, Aomatsu T, et al. Febrile seizures associated
with influenza A. Brain Dev 2007; 29: 30-8.

Haspolat S, Baysal Y, Duman O, Coskun M, Yegin
O. Interleukin-Talpha, interleukin-1beta, and interleukin-
1Ra polymorphisms in febrile seizures. /| Child Neurol
2005; 20: 565-8.

Hesdorffer DC, Benn EK, Bagiella E, etal. Distribution of
febrile seizure duration and associations with development.
Ann Neurol 2011; 70: 93-100.

Hirtz DG, Nelson KB, Ellenberg JH. Seizures following child-
hood immunizations. | Pediatr 1983; 120: 14-8.

Huang CC, Wang ST, Chang YC, Huang MC, Chi YC, Tsai JJ.
Risk factors for a first febrile convulsion in children: a popu-
lation study in southern Taiwan. Epilepsia 1999; 40: 719-25.

Febrile seizures and GEFS+

Idro R, Gwer S, Williams TN, et al. Iron deficiency and acute
seizures: results from children living in rural Kenya and a
meta-analysis. PLoS One 2010; 5(11): e14001.

IshizakiY, Kira R, Fukuda M, et al. Interleukin-10 is associated
with resistance to febrile seizures: genetic association and
experimental animal studies. Epilepsia 2009; 50: 761-7.

Kanemoto K, Kawasaki J, Yuasa S, et al. Increased frequency
of interleukin-Tbeta-511T allele in patients with temporal
lobe epilepsy, hippocampal sclerosis, and prolonged febrile
convulsion. Epilepsia 2003; 44: 796-9.

Kasperaviciute D, Catarino CB, Matarin M, et al. Epilepsy,
hippocampal sclerosis and febrile seizures linked by com-
mon genetic variation around SCNTA. Brain 2013;136:
3140-50.

KhosroshahiN, FaramarziF, Salamati P, Haghighi SM, Kamrani
K. Diazepam versus clobazam for intermittent prophylaxis of
febrile seizures. Indian | Pediatr 2011; 78: 38-40.

Kira R, Ishizaki Y, Torisu H, et al. Genetic susceptibility to
febrile seizures: case-control association studies. Brain Dev
2010; 32:57-63.

Laina I, Syriopoulou VP, Daikos GL, et al. Febrile seizures
and primary human herpesvirus 6 infection. Pediatr Neurol
2010; 42:28-31.

Lau SK, Woo PC, Yip CC, etal. Coronavirus HKU1 and
other coronavirus infections in Hong Kong. J Clin Microbiol
2006; 44:2063-71.

Lee W, Ong H. Afebrile seizures associated with minor infec-
tions: comparison with febrile seizures and unprovoked
seizures. Pediatr Neurol 2004;31(3): 157-64.

Mahyar A, Ayazi P, Fallahi M, Javadi A. Correlation between
serum selenium level and febrile seizures. Pediatr Neurol
2010; 43:331-4.

Martinos MM, Yoong M, Patil S, et al. Recognition memory is
impaired in children after prolonged febrile seizures. Brain
2012;135:3153-64.

McMullan J, Sasson C, Pancioli A, Silbergleit R. Midazolam
versus diazepam for the treatment of status epilepticus in
children and young adults: a meta-analysis. Acad Emerg Med
2010; 17:575-82.

Mollah MA, Rakshit SC, Anwar KA, et al. Zinc concentrations
in serum and cerebrospinal fluid simultaneously decrease
in children with febrile seizure: findings from a prospective
study in Bangladesh. Acta Paediatrica 2008; 97:1707-11.

Nakayama ), Arinami T. Molecular genetics of febrile seizures.
Epilepsy Res 2006; 70(1): S190-8.

Nelson KB, Ellenberg JH. Predictors of epilepsy in chil-
dren who have experienced febrile seizures. N Engl ] Med
1976; 295:1029-33.

Newman J. Evaluation of sponging to reduce body tempera-
ture in febrile children. Can Med Assoc J 1985; 132: 641-2.

Newton RW. Randomized controlled trials of phenobarbi-
tone and valproate in febrile convulsions. Arch Dis Child
1988; 63: 1189-92.

Epileptic Disord, Vol. 17, No. 2, June 2015

131


http://www.ncbi.nlm.nih.gov/pubmed?term=Prevention of recurrent febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Recommendations for the management of febrile seizures: Ad hoc Task Force of LICE Guidelines Commission
http://www.ncbi.nlm.nih.gov/pubmed?term=Interleukin (IL)-1beta, IL-1 receptor antagonist, IL-6, IL-8, IL-10, and tumor necrosis factor alpha gene polymorphisms in patients with febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Relationship between five common viruses and febrile seizure in children
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular genetics of Dravet syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetics of febrile seizure subtypes and syndromes: a twin study
http://www.ncbi.nlm.nih.gov/pubmed?term=The development of the electroencephalogram in normal children from the age of 1 through 15 years. Paroxysmal activity
http://www.ncbi.nlm.nih.gov/pubmed?term=Febrile seizures and later intellectual performance
http://www.ncbi.nlm.nih.gov/pubmed?term=Longitudinal EEG and clinical study of children with febrile convulsions
http://www.ncbi.nlm.nih.gov/pubmed?term=Pediatric neurological complications associated with the A(H1N1) pdm09 influenza infection
http://www.ncbi.nlm.nih.gov/pubmed?term=Serum zinc levels in children with simple febrile seizure
http://www.ncbi.nlm.nih.gov/pubmed?term=Children with febrile seizures do not consume excess health care resources
http://www.ncbi.nlm.nih.gov/pubmed?term=Neuroimaging and neuropathology of Dravet syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Febrile seizures associated with influenza A
http://www.ncbi.nlm.nih.gov/pubmed?term=Interleukin-1alpha, interleukin-1beta, and interleukin-1Ra polymorphisms in febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Distribution of febrile seizure duration and associations with development
http://www.ncbi.nlm.nih.gov/pubmed?term=Seizures following childhood immunizations
http://www.ncbi.nlm.nih.gov/pubmed?term=Risk factors for a first febrile convulsion in children: a population study in southern Taiwan
http://www.ncbi.nlm.nih.gov/pubmed?term=Iron deficiency and acute seizures: results from children living in rural Kenya and a meta-analysis
http://www.ncbi.nlm.nih.gov/pubmed?term=Interleukin-10 is associated with resistance to febrile seizures: genetic association and experimental animal studies
http://www.ncbi.nlm.nih.gov/pubmed?term=Increased frequency of interleukin-1beta-511T allele in patients with temporal lobe epilepsy, hippocampal sclerosis, and prolonged febrile convulsion
http://www.ncbi.nlm.nih.gov/pubmed?term=Epilepsy, hippocampal sclerosis and febrile seizures linked by common genetic variation around SCN1A
http://www.ncbi.nlm.nih.gov/pubmed?term=Diazepam versus clobazam for intermittent prophylaxis of febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic susceptibility to febrile seizures: case-control association studies
http://www.ncbi.nlm.nih.gov/pubmed?term=Febrile seizures and primary human herpesvirus 6 infection
http://www.ncbi.nlm.nih.gov/pubmed?term=Coronavirus HKU1 and other coronavirus infections in Hong Kong
http://www.ncbi.nlm.nih.gov/pubmed?term=Afebrile seizures associated with minor infections: comparison with febrile seizures and unprovoked seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Correlation between serum selenium level and febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Recognition memory is impaired in children after prolonged febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Midazolam versus diazepam for the treatment of status epilepticus in children and young adults: a meta-analysis
http://www.ncbi.nlm.nih.gov/pubmed?term=Zinc concentrations in serum and cerebrospinal fluid simultaneously decrease in children with febrile seizure: findings from a prospective study in Bangladesh
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular genetics of febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Predictors of epilepsy in children who have experienced febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Evaluation of sponging to reduce body temperature in febrile children
http://www.ncbi.nlm.nih.gov/pubmed?term=Randomized controlled trials of phenobarbitone and valproate in febrile convulsions

P. Camfield, C. Camfield

Offringa M, Moyer VA. Evidence based paediatrics: evidence
based management of seizures associated with fever. BMJ
2001;323(7321): 1111-4.

Offringa M, Newton R. Prophylactic drug management for
febrile seizures in children. Cochrane Database Syst Rev
2012;18(4): CD00303.

Ozkan M, Tuygun N, Erkek N, Aksoy A, Yildiz YT. Neurologic
manifestations of novel influenza A (H1N1) virus infection in
childhood. Pediatr Neurol 2011; 45: 72-6.

Rajakumar K, Bodensteiner JB. Febrile myoclonus: a survey of
pediatric neurologists. Clin Pediatrics 1996; 22: 331-2.

Rosman NP, Colton T, Labazzo J, et al. A controlled trial of
diazepam administered during febrile illnesses to prevent
recurrence of febrile seizures. N Engl | Med 1993; 329: 79-84.

Rugg-Gunn FJ, Harrison NA, Duncan JS. Evaluation of the
accuracy of seizure descriptions by the relatives of patients
with epilepsy. Epilepsy Res 2001; 43:193.

Salam SM, Rahman HM, Karam RA. GABRG2 gene polymor-
phisms in Egyptian children with simple febrile seizures.
Indian ] Pediatr 2012;79:1514-7.

Scheffer IE, Berkovic SF. Generalized epilepsy with febrile
seizures+: a genetic disorder with heterogeneous clinical
phenotypes. Brain 1997;120: 479-90.

ScottRC, King MD, Gadian DG. Prolonged febrile seizures are
associated with hippocampal vasogenic edema and develop-
mental changes. Epilepsia 2006; 47: 1493-8.

Serdaroglu G, Alpman A, Tosun A, etal. Febrile seizures:
interleukin 1B and interleukin-1 receptor antagonist poly-
morphisms. Pediatr Neurol 2009; 40: 113-6.

Shinnar S, Bello JA, Chan S, et al. MRI abnormalities follow-
ing febrile status epilepticus in children: the FEBSTAT study.
Neurology 2012;79:871-7.

Sillanpaa M, Camfield PR, Camfield CS, et al. Inconsistency
between prospectively and retrospectively reported febrile
seizures. Dev Med Child Neurol 2008; 50: 25-8.

Sillanpda M, Suominen S, Rautava P, Aromaa M. Academic
and social success in adolescents with previous febrile
seizures. Seizure 2011;20: 326-30.

Stephenson JBP. Fits and faints. Oxford: MacKeith Press, 1990.

Stephenson J, Breningstall G, Steer C, Kirkpatrick M, Hor-
rocks I, Nechay A, Zuberi S. Anoxic-epileptic seizures: home
video recordings of epileptic seizures induced by syncopes.
Epileptic Disord 2004; 6(1): 15-9.

Strengell T, Uhari M, Tarkka R, et al. Antipyretic agents for
preventing recurrences of febrile seizures: randomized con-
trolled trial. Arch Pediatr Adolesc Med 2009; 63(9): 799-804.

Suga S, Suzuki K, Ihira M, et al. Clinical characteristics of
febrile convulsions during primary HHV-6 infection. Arch Dis
Child 2000; 82: 62-6.

Tomoum HY, Badawy NM, Mostafa AA, Harb MY. Plasma
interleukin-1beta levels in children with febrile seizures. J
Child Neurol 2007; 22: 689-92.

Tsai FJ, Hsieh YY, Chang CC, Lin CC, Tsai CH. Polymor-
phisms for interleukin-1beta exon 5 and interleukin 1
receptor antagonist in Taiwanese children with febrile
convulsions. Arch Pediatr Adolesc Med 2002;156:
545-8.

Tsuboi T, Endo S. Genetic studies of febrile convulsions:
analysis of twin and family data. Epilepsy Res 1991;4:
119-28.

Uhari M, Rantala H, Vainionpaa L, Kurttila BM. Effect of
acetaminophen and of low dose intermittent diazepam
on prevention of recurrences of febrile seizures. / Pediatr
1995; 126: 991-5.

Van Esch A, Steyerberg EW, van Duijin CM, Offringa M,
Derksen-Lubsen G, van Steensel-Moll HA. Prediction of
febrile seizures in siblings: a practical approach. Neurope-
diatr 1998; 157: 340-4.

van Stuijvenberg M, Derksen-Lubsen G, Steyerberg EW,
Habbema JD, Moll HA. Randomized, controlled trial of
ibuprofen syrup administered during febrile illnesses to
prevent febrile seizure recurrences. Pediatrics 1998;102:
E51.

van Stuijvenberg M, de Vos S, Tjiang GC, etal. Parents’
fear regarding fever and febrile seizures. Acta Paediatr
1999; 88: 618-22.

VanLandingham KE, Heinz ER, Cavazos JE, Lewis DV. Magnetic
resonance imaging evidence of hippocampal injury after
prolonged focal febrile convulsions. Ann Neurol 1998;43:
413-26.

Verity CM, Butler NR, Golding J. Febrile convulsions in
a national cohort followed up from birth. I. Prevalence
and recurrence in the first five years of life. Br Med ]
1985; 290: 1307-10.

Verity CM, Greenwood R, Golding J. Long-term intellectual
and behavioural outcomes in children with febrile convul-
sions. N Engl ] Med 1998; 338:1723-8.

Virta M, Hurme M, Helminen M. Increased plasma levels of
pro- and anti-inflammatory cytokines in patients with febrile
seizures. Epilepsia 2002; 43: 920-3.

Wu ZQ, Sun L, Sun YH, Ren C, Jiang YH, Lv XL. Inter-
leukin 1 beta-511 C/T gene polymorphism and susceptibility
to febrile seizures: a meta-analysis. Mol Biol Rep 2012;39:
5401-7.

Yamamoto N. Prolonged nonepileptic twilight state with
convulsive manifestations after febrile convulsions: a clin-
ical and electroencephalographic study. Epilepsia 1996;37:
31-5.

Yoong M, Seunarine K, Martinos M, Chin RF, Clark CA,
Scott RC. Prolonged febrile seizures cause reversible reduc-
tions in white matter integrity. Neuroimage Clin 2013a; 3:
515-21.

Yoong M, Martinos MM, Chin RF, Clark CA, Scott RC. Hip-
pocampal volume loss following childhood convulsive status
epilepticus is not limited to prolonged febrile seizures.
Epilepsia 2013b; 54: 2108-15.

132

Epileptic Disord, Vol. 17, No. 2, June 2015


http://www.ncbi.nlm.nih.gov/pubmed?term=Evidence based paediatrics: evidence based management of seizures associated with fever
http://www.ncbi.nlm.nih.gov/pubmed?term=Prophylactic drug management for febrile seizures in children
http://www.ncbi.nlm.nih.gov/pubmed?term=Neurologic manifestations of novel influenza A (H1N1) virus infection in childhood
http://www.ncbi.nlm.nih.gov/pubmed?term=Febrile myoclonus: a survey of pediatric neurologists
http://www.ncbi.nlm.nih.gov/pubmed?term=A controlled trial of diazepam administered during febrile illnesses to prevent recurrence of febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Evaluation of the accuracy of seizure descriptions by the relatives of patients with epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=GABRG2 gene polymorphisms in Egyptian children with simple febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Generalized epilepsy with febrile seizures+: a genetic disorder with heterogeneous clinical phenotypes
http://www.ncbi.nlm.nih.gov/pubmed?term=Prolonged febrile seizures are associated with hippocampal vasogenic edema and developmental changes
http://www.ncbi.nlm.nih.gov/pubmed?term=Febrile seizures: interleukin 1protect $
elax �eta $ and interleukin-1 receptor antagonist polymorphisms
http://www.ncbi.nlm.nih.gov/pubmed?term=MRI abnormalities following febrile status epilepticus in children: the FEBSTAT study
http://www.ncbi.nlm.nih.gov/pubmed?term=Inconsistency between prospectively and retrospectively reported febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Academic and social success in adolescents with previous febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Anoxic-epileptic seizures: home video recordings of epileptic seizures induced by syncopes
http://www.ncbi.nlm.nih.gov/pubmed?term=Antipyretic agents for preventing recurrences of febrile seizures: randomized controlled trial
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical characteristics of febrile convulsions during primary HHV-6 infection
http://www.ncbi.nlm.nih.gov/pubmed?term=Plasma interleukin-1beta levels in children with febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Polymorphisms for interleukin-1beta exon 5 and interleukin 1 receptor antagonist in Taiwanese children with febrile convulsions
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic studies of febrile convulsions: analysis of twin and family data
http://www.ncbi.nlm.nih.gov/pubmed?term=Effect of acetaminophen and of low dose intermittent diazepam on prevention of recurrences of febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Prediction of febrile seizures in siblings: a practical approach
http://www.ncbi.nlm.nih.gov/pubmed?term=Randomized, controlled trial of ibuprofen syrup administered during febrile illnesses to prevent febrile seizure recurrences
http://www.ncbi.nlm.nih.gov/pubmed?term=Parents' fear regarding fever and febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnetic resonance imaging evidence of hippocampal injury after prolonged focal febrile convulsions
http://www.ncbi.nlm.nih.gov/pubmed?term=Febrile convulsions in a national cohort followed up from birth. I. Prevalence and recurrence in the first five years of life
http://www.ncbi.nlm.nih.gov/pubmed?term=Long-term intellectual and behavioural outcomes in children with febrile convulsions
http://www.ncbi.nlm.nih.gov/pubmed?term=Increased plasma levels of pro- and anti-inflammatory cytokines in patients with febrile seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Interleukin 1 beta-511 C/T gene polymorphism and susceptibility to febrile seizures: a meta-analysis
http://www.ncbi.nlm.nih.gov/pubmed?term=Prolonged nonepileptic twilight state with convulsive manifestations after febrile convulsions: a clinical and electroencephalographic study
http://www.ncbi.nlm.nih.gov/pubmed?term=Prolonged febrile seizures cause reversible reductions in white matter integrity
http://www.ncbi.nlm.nih.gov/pubmed?term=Hippocampal volume loss following childhood convulsive status epilepticus is not limited to prolonged febrile seizures

Febrile seizures and GEFS+

TEST YOURSELF

(1) What are complex febrile seizures and to what extent do they predict subsequent epilepsy?

(2) Which children with febrile seizures are candidates for home rescue benzodiazepines (rectal diazepam or
buccal/nasal midazolam)?

(3) If a child has a parent with GEFS+, what is the chance that this child will have febrile seizures?

(4) If a child has a prolonged febrile seizure and MRI shortly afterwards shows T2 changes in the hippocampus,
what are the chances that this child will develop mesial temporal lobe sclerosis and intractable temporal lobe

epilepsy?

(5) Which child has the highest risk of a recurrent febrile seizure?

A. The first seizure was at 12 months of age with a temperature of 38.5°C. The child’s father had febrile seizures
as an infant.

B. The first seizure occurred at 36 months of age, was short and left-sided. There was no family history of
febrile seizures.

C. The first seizure occurred at 24 months of age and was “simple”. The child attends a day care centre.

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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