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From molecular biology to clinical practice
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ABSTRACT

Febrile seizures occur between the age of 3 months and 5 years with a temperature of 38°C or higher, and are either
simple or complex. Eight gene loci have been identified to be associated with certain cases of autosomal dominant
familial febrile seizures, and 12 genes have been associated with some of the familial epilepsy syndromes that can start
with febrile seizures. The mutations and the protein products are known for only some of these 20 genes. The risk of
recurrence of convulsions in a further febrile illness is on average 30%, and of developing epilepsy is on average 6%,
but both vary depending on the presence and number of risk factors in any given patient. The immediate treatment of a
febrile convulsion is intravenous or rectal diazepam, but febrile status epilepticus requires intravenous Phenobarbital
and possibly other medications. Long-term antiepileptic drugs are not recommended in most patients with febrile
seizures. However, exceptions should be considered on an individual basis in patients with complex febrile seizures
with multiple risk factors for development of later epilepsy.
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F ebrile seizures are seizures that occur between
the age of 3 months and 5 years with a
temperature of 38°C or higher and are not the result
of central nervous system infection or any metabolic
imbalance. They are either simple (referred to as
typical) or complex (atypical): 1. A simple febrile
seizure is a primary generalized, usually
tonic-clonic attack, associated with fever, lasting for
a maximum of 15 minutes, not recurring within a
24-hour period. 2. Complex febrile seizures,
however, are more prolonged (more than 15
minutes), focal or recur within 24 hours, or both.!
Between 2-5% of neurologically healthy infants and
children experience at least one, usually simple,
febrile seizure.

Clinical course and long-term prognosis. The
risk of recurrence. Recurrence of febrile seizures
occurs in 30% of those experiencing a first episode,

in 50% after 2 or more episodes, and in 50% of
infants less than one year of age.! Several factors
affect this recurrence risk (Table 1). In the Berg and
colleagues series,>* 347 children with a first febrile
seizure were followed up for an average of 20
months. The predictors of recurrence were short
duration of illness before the seizure, low body
temperature at the time of seizure, a family history
of febrile seizures, and age at first seizure less than
18 months. Knudsen* reported 6 'additive' predictive
factors for recurrence: complex nature of the febrile
seizure, age less than 14 months, family history of
febrile seizures, family history of epilepsy,
attendance at day care, and developmental delay.
The risk for an individual child ranged from 12% if
none of these factors were present to 100% if all
were present. Risk factors for febrile seizure
recurrence in the study by Bessisso and colleagues’
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Table 1 - Predictors of recurrence of febrile seizures.

Risk factor References
Age at Ist seizure
<18 months Berg et al2
<14 months Knudsen,# Nelson &
Ellenberg?s

Low body temperature at time of seizure Berg et al,2 El Radhi et

alé
Positive family history of febrile seizures Berg et al 2 Knudsen4
Positive family history of epilepsy Knudsen # Rich et al22

Complex nature of febrile seizure Knudsen # Bessisso et

als
Short duration of illness/ fever before seizure Berg et al?
Attendance at day care Knudsen#4

Low serum sodium levels Hugen et al7

Male sex Bessisso et al5

were male sex and having complex febrile seizures.
El-Radhi® studied 132 children with their first
febrile seizure, measured their body temperature at
the onset of the seizure, and followed them for an
average of 2 years. Children whose body
temperature was 39°C, at the onset of the seizure,
were 2.5 times more likely to have multiple
convulsions within the same illness (when their
temperature rose above that which caused the initial
convulsion) than those with a temperature less than
39°C. These patients were also 3 times more likely
to experience recurrent febrile convulsions in
subsequent illnesses. Hugen and colleagues’ found
an almost linear association between serum sodium
levels and recurrent febrile convulsions - the lower
the level, the higher the risk.

The risk of brain damage. There are no
long-term adverse effects of having one or more
simple febrile seizures. Specifically, recurrent
simple febrile seizures do not damage the brain.
Several hospital-based studies have reported deficits
in speech, drawing, arithmetic, attention and
intelligence in patients with febrile seizures.
However, these series are considered biased (due to
referral patterns) and such findings have not been
confirmed by other controlled and population based
studies. The study of Kolfen et al (1998)% compared
80 children 6-9 years old, with a history of febrile
convulsions, with matched healthy controls. Of note
is that the group with febrile seizures included
children with prolonged febrile convulsions (18%)
and some children with discrete neurological
abnormalities (7%). Neuropsychological test results
were no different between children with febrile
seizures and their healthy controls. However, in
children with prolonged febrile convulsions
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nonverbal intelligence was found to be significantly
lower as compared to children with simple febrile
seizures and with controls. The population-based
study in the United Kingdom, comprehensively
assessed 381 children with febrile convulsions
(simple or complex) at 10 years of age and
compared them with healthy children using
measures of academic progress, intelligence, and
behavior - there was no difference’ A recent
case-control population based study was conducted
on 103 children with confirmed febrile seizures by 3
years and followed up until age 6 years. Compared
with age-matched controls, there were no adverse
effects on behavior, scholastic performance or
neurocognitive attention.'o-!!

The risk of developing epilepsy. Although
approximately 15% of children with epilepsy have
had febrile seizures,'? only 2-7% of children who
experience febrile convulsions proceed to develop
nonfebrile seizure disorders and epilepsy later in
life.® There are several predictors of epilepsy after
febrile seizures. Complex febrile seizures,
neurodevelopmental abnormalities, a family history
of epilepsy, recurrent febrile seizures, and a brief
duration of fever before the initial febrile seizure
were all associated with an increased risk of
epilepsy in the study by Berg and Shinnar (1996).14
However, in other studies multiple recurrences did
not predict subsequent epilepsy.'>'> Verity and
Golding in 1991'¢ demonstrated that a higher risk
for later epilepsy occurs in patients with complex
febrile seizures (6%) particularly focal febrile
seizures (29%), as compared to simple febrile
seizures (1%). Febrile seizures, often, precede
generalized afebrile tonic-clonic seizures. Prolonged
febrile seizures, can also, precede intractable
complex partial seizures.'> Choueiri et al (2001)"
showed that 36% of patients with temporal lobe
epilepsy (TLE) had prior febrile seizures, and that
only 6% of patients with primary generalized
epilepsy had such a history. It is possible that some
patients who develop febrile status epilepticus
develop neuronal injury and secondary epilepsy,
often secondary to medial temporal sclerosis.
Despite that, the earlier mentioned increased risk for
later epilepsy after febrile seizure is thought to be
predominantly due to genetic predisposition and
probably only to a lower extent due to structural
damage to the nervous system caused by recurrent
febrile seizures. However, this issue is not yet fully
resolved.

Genetic factors. The genetic component for
febrile seizures is manifested by its positive relation
with family history of febrile and afebrile seizures
documented in several studies.'>'”?! The study by
Choueiri et al (2001)"" showed that patients with
febrile seizures were more likely to have a family
history of febrile seizures (20%) than patients with
epilepsy (1.1%). They did not have an increased
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frequency of consanguinity which favored an
autosomal dominant rather than recessive
inheritance. Rich et al (1987)* performed complex
segregation analysis on 467 nuclear families
ascertained  through probands with febrile
convulsions. Nearly dominant seizure susceptibility
was found in families of probands with multiple
febrile convulsions while families of probands with
single febrile convulsions followed the polygenic
model of inheritance. A systematic pedigree study
of 52 probands was conducted by Johnson et al
(1996).% Polygenic inheritance was found in some
smaller families and there was no evidence of
X-linked or mitochondrial inheritance. Penetrance
was calculated to be 0.64 representing an estimate
of the upper limit of penetrance and in agreement
with twin studies. In a study in India by Wadhwa et
al (1992)2' out of 144 cases of febrile seizures (95
simple and 49 complex), 20% had familial
prevalence of febrile seizures (same percentage in
both groups). However, 13.9% had family history of
afebrile seizures (13.2% in the simple and 40.8% in
the complex group). Similarly, it has been
documented that the familial type of febrile seizures
is not necessarily associated with the initial febrile
seizure being complex in nature. Four febrile
convulsions gene loci with autosomal dominant
inheritance have been identified in patients with
febrile seizures. These include FEB1 on 8q13-q21
in an Australian family,* FEB2 on 19p in an
American family,"” and FEB3 on 2q23-q24.> Other
investigators have mapped genetic loci responsible
for generalized epilepsy with febrile seizures plus
(GEFS+) to 2q21-q33, 2q24-q33, and 2q23-31
overlapping with FEB3.22 However, in the above
FEB3 family, described by Peiffer et al,*® the
phenotypic manifestations differed from that of
GEFS+ in that these patients only had febrile
seizures without the other seizure types of GEFS+.%
More recently, Nakayama et al (2000)'® identified a
new gene on 5ql4-q15 that gives susceptibility to
febrile seizures discovered in Japanese families,
which they called FEB4. Other febrile convulsion
gene loci were identified and are shown in Table 2.
Several genetic epilepsy syndromes can start with
febrile seizures. These are GEFS+, severe
myoclonic epilepsy in infancy (SMEI or Dravet’s
syndrome), and TLE. The GEFS+ is an autosomal
dominant syndrome with a highly variable
phenotype. Onset is usually in early childhood and
remission is usually in mid childhood. It is
characterized by multiple febrile seizures, and
several types of afebrile generalized seizures
including generalized tonic clonic, absence,
myoclonic or atonic and myoclonic astatic seizures
with variable degrees of severity.?* One type is
GEFS+1 which has been linked to mutations in the
gene SCN1B on 19q13 encoding the f1 subunit of
the voltage-gated sodium channel.?’ The probable
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Table 2 - Identified gene loci of febrile seizures.

Gene locus* References

FEBI1 on 8q13-21 Wallace et al24 (Australian)

FEB2 on 19p13.3 Johnson et all3 (American)
FEB3 on 2q23-q24+ Peiffer et al25 (American)
FEB4 on 5q14-q15 Nakayama et al!8 (Japanese)
On 6q22-q24 Nabbout et al76 (French)

Nonsense mutation S2652X
(MASSI1 gene)

Nakayama et al77 (Japanese)

(Ser543Ser)-C/T
(CHRN4 gene)

Chou et al78 (Chinese)

R43Q mutation on chromosome 5
(GABA(A) receptor y2-subunit gene,
GABRG2)**

Marini et al79 (Australian)

*All autosomal dominant inheritance
FOther investigators have mapped gene loci for GEFS+ syndrome to
2q21-q33,2q24-q33, and 22q23-31 overlapping with FEB3, however
the phenotype described by Peiffer et al differed from GEFS+.
**QOther investigators have identified mutations for GEFS+ and Dravet
Syndrome in the GABA(A) receptor y2-subunit, however this mutation
affects a different domain of the subunit.
GEFS+ - generalized epilepsy with febrile seizures plus
GABA - gamma-aminobutyric acid

mechanism of seizure onset is that the mutation on
SCNIB (19q13) disrupts a disulfide bond that
maintains the extra-cellular fold motif of the 1
subunit. Such disruption results in slower
inactivation of the sodium (Na) channel and, thus, in
increased excitability. Temperature sensitivity may
reflect the effects of temperature on conductance
and gating of Na channels. Another type (GEFS+2)
has shown linkage to 2q21-q33 locus in a family
studied by Baulac et al (1999),% and to 2q24-q33
locus in the family reported by Moulard et al
(1999).”” Escayg et al (2000)* later demonstrated
that the above mutations were linked to gene
SCNIA encoding for the alpha subunit of the
voltage-gated sodium channel*> In addition,
Lopes-Cendes et al (2000)* identified a new locus
for GEFS+2 on 2q23-q31. A K289M mutation in
the gamma-aminobutyric acid (GABA) (A) receptor
gamma?2-subunit gene has been reported in a family
with GEFS+ phenotype and was identified as the
GEFS+3 type.»

Severe myoclonic epilepsy of infancy (SMEI) or
Dravet’s syndrome is considered to be the most
severe of the phenotypic spectrum of febrile
seizures plus. It constitutes a distinctive separate
entity which is one of the most severe forms of
epilepsy in infancy.** Its onset is in the Ist year of
life, characterized by febrile and afebrile unilateral
clonic seizures recurring monthly or every 2
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months. These early seizures are typically induced
by fever, but they differ from the usual febrile
convulsions in that they are more prolonged, more
frequent, and come in clusters. Seizures
subsequently start to occur with lower fevers and
then without fever. During the 2nd year of life,
myoclonus, atypical absences, and partial seizures
occur frequently and developmental delay usually
follows. A family history of epilepsy was found in
25-30% of patients, suggesting a genetic etiology.*
This syndrome has been shown to have autosomal
dominant or sporadic inheritance. The mutated gene
is located on 2q24-31 and encodes for SCN1A, the
same gene mutated in GEFS+ spectrum. However,
studies have correlated it to de novo truncation
mutations, whereas in GEFS+ they are missense
mutations.***7 In the study by Claes et al (2001),%* all
4 patients with SMEI had mutations in the alpha
subunit of the neuronal voltage-gated sodium
channel SCN1A located on chromosome 2q.*
Sugawara et al (2002)* screened 12 patients with
SMEI and found 10 mutations all of which lead to
the truncation of the protein. Harkin et al (2002)
studied an Australian family with GEFS+ having
one member with SMEIL. The SMEI phenotype was
shown to be resulting from a mutation in the y-2
subunit of the GABA(A) receptors.

Febrile seizures have been reported to occur in
patients with familial TLE. In 1993, Abu Khalil et
al®* reported 47 patients with TLE who underwent
surgery. Nineteen of these patients (40%) have had
febrile convulsions preceding the onset of their
afebrile seizures and were more likely to have a
positive family history of febrile seizures (59 versus
18%) suggesting a genetic factor.** The familial
TLE described by Berkovic et al (1996)* has its
onset in adolescence with no preceding febrile
seizures but with simple partial seizures with
psychic and cognitive features and only a low
frequency of febrile seizures in family members
(2.7%). In the familial cases of mesial TLE with
hippocampal atrophy described by Kobayashi et al
(2001),* the incidence of febrile seizures in patients
was slightly more (6%), and 84% had simple partial
seizures consisting of autonomic signs and
symptoms. In a third, French, family with TLE with
febrile seizures, Baulac et al (2001),* identified
another form of familial TLE without hippocampal
sclerosis, with 100% of the patients initially
experiencing  simple febrile seizures and
subsequently developing afebrile (mainly partial)
seizures at approximately age 9 years. Gene loci
identified in the above family were on chromosomes
18qter and 1q25-31. Recently, Depondt et al
(2002)# described a fourth distinct autosomal
dominant TLE syndrome in a large Belgian family
with high incidence of febrile seizures among
family members (50%). Six of the 10 patients with
TLE had preceding febrile seizures, and none had
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hippocampal sclerosis. Age of onset of afebrile
seizures ranged from 10 months to 34 years. The
study found no evidence for linkage to any of 13
candidate loci for familial partial seizures and
febrile seizures.”® There are also other genetic
epilepsy syndromes which were found to be
associated with febrile seizures (included in Table
3).

Workup of a child with febrile seizures. Each
child that presents with a febrile seizure deserves a
thorough, detailed history and general and
neurological examinations. These are the corner
stone of the evaluation. Several investigations need
to be considered.

Lumbar puncture. Lumbar puncture is
recommended in children younger than 12 months
of age after their first febrile seizure to rule out
meningitis and is especially important to consider if
the child has received prior antibiotics that would
mask the clinical symptoms of the disease.
Moreover, the presence of an identified source of
fever like otitis media does not eliminate meningitis.
Seizures are the major signs of meningitis in
13-15% of presenting children of which 30-35%
have no other meningeal signs. According to the
American Academy of Pediatrics (AAP) practice
parameter, it is strongly recommended in infants
less than one year of age, as signs of the infection
might not even be present. A child between 12 and
18 months should also be considered for lumbar
puncture as there are usually slight symptoms of
meningitis clinically. For children above 18 months,
a lumbar puncture is needed in the presence of
clinical signs and symptoms of meningitis (such as
neck stiffness, Kernig and Brudzinski signs) or if
the case suggests intracranial infection.*

EEG. If the child is presenting with his first
simple febrile seizure, and is otherwise, healthy
(neurologically), an EEG should not normally be
performed as part of his evaluation.#* According to
Alvarez et al (1983)* and Doose et al (1983)*
hypnagogic spike waves are seen in children with
febrile seizures particularly those over 4 years old.
However, the performance of an EEG would not
predict the future recurrence of febrile seizures or
epilepsy even if the result is abnormal. If an EEG is
carried out, it should be performed for at least half
an hour in wakefulness and in sleep according to
international guidelines to avoid misinterpretations
and erroneous conclusions. An EEG performed
within 2 weeks of a febrile seizure will often have
more specific usually posterior slowing. Thus,
frequently, the EEG is delayed until after 2 weeks
have passed, or if carried out during that period it
needs to be repeated. Because of all the above
reasons, performance of an EEG should be highly
restricted to special cases in whom epilepsy is
highly suspected only.

Blood studies. The following blood studies are
not routinely recommended in the workup of a child
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Table 3 - Genetic epilepsies that often start with febrile seizures.

Syndrome Type Gene locus Gene product Inheritance Reference(s)
GEFS+ GEFS+1 19q13 (SCN1B) B1 subunit of the AD Wallace3!
(Australian) voltage-gated sodium
channel
GEFS+2 2g21-q33 (SCNIA, o subunit of the AD Baulac,26 Escayg 32
SCN2A) voltage-gated sodium Sugawara80
channel
2q24-q33 (SCNI1A, o subunit of the AD Moulard 27 Escayg 32
SCN2A) voltage-gated sodium Sugawara80
channel
2q23-q31 (SCN1A, o subunit of the AD Lopes-Cendez 28
SCN2A) voltage-gated sodium Escayg,3? Sugawara80
channel
GEFS+3 5¢31.1-q33.1 GABA(A tor v2- AD Baulac33
(French) (GABRG2 gene) (su)bfrfﬁp ory
Severe myoclonic epilepsy (Belgian) 2q 24-q31 (SCNI1A, : AD Claes 36 Sugawara80
of infancy (Dravet SCN2A) vol?asgt—)u;ltlet(?gggieum
Syndrome) 8 cl%armel
(Australian) (GABRG2) GABA(A) receptor y2- AD Harkin38
subunit
Familial Temporal Lobe (AngloSaxon, Italian) Not identified - AD Berkovic40
Epilepsy (chr 3,6, or 15)
(Japanese) Not identified - AD Kobayashi4!
(French) 8qter and 1q25-31 - AD Baulac42
(Belgian) Not identified - AD Depondt43
(Japanese) IL-18-511T allele IL-18 gene AD Kanemoto8!
with a first simple febrile seizure: serum  children with one or more simple febrile seizures.!
electrolytes, calcium, phosphorus, magnesium, Parents should be counseled about the relative risks

complete blood count. Blood glucose should be
determined only if the child had a prolonged
obtundation post ictally. Serum electrolyte values
may be abnormal in children after a febrile seizure,
but this should be manifested by physical
examination and history taking .43

Neuroimaging. According to the AAP practice
parameter, a CT scan or MRI is not recommended
in evaluating the child after a first simple febrile
seizure.* Moreover, there are no data that supports
the need for this test. In the study by Morales et al
(1992),% 44 out of 164 children admitted to the
hospital with febrile seizures had a CT scan. There
were no abnormalities even though most had severe
or focal febrile seizures. More data are needed in
this area.

The workup of children with complex febrile
seizures needs to be individualized. This often
includes EEG and neuroimaging particularly if the
child is neurologically abnormal.

Treatment. Generally, antiepileptic therapy,
continuous or intermittent, is not recommended for
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of recurrence of febrile seizures and recurrence of
epilepsy, educated on how to handle a seizure, and
should be given emotional support. If the seizure
lasts for more than a few minutes then acute
treatment with intravenous or rectal diazepam may
be needed. Intravenous phenobarbital, phenytoin, or
valproate may be needed for febrile status
epilepticus. If the parents are very anxious
concerning their child’s seizures, intermittent oral
diazepam can be given during febrile illness to help
prevent recurrences.! In addition, antipyretics may
comfort the child. Antiepileptic therapy may be
considered for children with complex febrile
seizures. Nevertheless, currently available data
indicate that the possibility of future epilepsy does
not change with or without therapy. Long-term
management is summarized in Figure 1.
Intermittent therapy during fever.
1. Antipyretics. Through reducing fever, it is hoped
that antipyretics would consequently reduce febrile
seizure episodes. However, this is almost definitely
not the case. Schnaiderman et al (1993),* compared
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e History
e Exam
e Determine risk factors for recurrence and estimate risk of

v

Counsel parents about risk of recurrence and how to provide first

recurrence

aid and how to manage fever

| Determine risk factors for later epilepsy ‘

Low risk: Intermediate or high risk:
No therapy 1. Consider EEG and neuroimaging

2. Consider intermittent oral
diazepam or in exceptional cases
that recur, continuous therapy.

Figure 1 - Long-term management of febrile seizures.

ongoing prophylaxis of acetaminophen (every 4
hours) to sporadic doses (given only when the body
temperature was 38°C or above) during a febrile
illness. Neither regimens reduced the number of
fever episodes or the duration of fever. In the study
by Camfield et al (1990)° on 79 children with
simple febrile seizures, acetaminophen was given
during a febrile illness as 15 mg/kg every 4 hours
with either daily phenobarbital or placebo. It was
found that the acetaminophen and phenobarbital
treatment reduced the recurrence of febrile seizures
(5%), as compared to the acetaminophen and
placebo regimen (25%). One explanation of the
ineffectiveness of antipyretics in reducing febrile
seizure recurrence might be that in some children,
seizures occur at a somewhat low temperature and
the antipyretic does not lower the temperature
completely to normal.’! In addition, febrile seizures
often occur as the temperature is rising before
antipyretics have had the chance to exert their
effects. The study by Van Esch et al (1995),?
compared acetaminophen 10mg/kg with ibuprofen
Smg/kg in preventing recurrence of febrile seizures
in 70 randomized children. Although ibuprofen was
more effective in reducing body temperature, no
significant differences were found with respect to
seizure recurrence (2 had recurrence after ibuprofen
versus 3 after acetaminophen).>

2. Oral diazepam and other benzodiazepines. In
the study by Autret et al (1990)** oral diazepam
(0.5mg/kg, and then 0.2mg/kg every 12 hours
during a febrile illness) was found to be ineffective
in reducing febrile seizure recurrence (occurred in
16% of children) compared to placebo (19.5%).
This was thought to be due to poor compliance by
the parents.”® Uhari et al (1995)** randomized 180
children into either diazepam and acetaminophen,
diazepam and placebo, paracetamol and placebo, or
2 kinds of placebo. Diazepam was given as an initial
rectal dose, followed after 6 hours by oral doses of
0.2 mg/kg tid for the first 2 days of a febrile illness
(when body temperature is  >38.5°C).
Acetaminophen was given at a dose of 10 mg/kg 4
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times per day. The 4 groups were followed for 2
years and compliance was excellent. In this study,
the low doses of acetaminophen or diazepam and
their combination was ineffective for febrile seizure
prevention. Rosman et al (1993)% found that
intermittent oral diazepam treatment (0.33mg/kg
every 8 hours during fever) was effective as
compared to placebo against febrile seizure
recurrence in 406 randomized children with at least
one febrile seizure. Results of 1.9 years follow up
were that oral diazepam reduced the risk of
recurrent febrile seizures by 44% per person-year.
Difference in time to first recurrent febrile seizure
was only significant after adjustment for
covariates.” Intermittent oral nitrazepam, clobazam,
and clonazepam (0.1/kg/day) have also been shown
to be effective in reducing the risk of recurrence of
febrile seizures.>

3. Rectal diazepam is usually used to stop
ongoing seizures in hospital, or by parents at home.
If used at home, parents are carefully instructed
about the specific dose to be administered to the
child. It has also been used as a prophylaxis to
reduce recurrence at the time of febrile illness. In
the study by Knudsen and Vestermark (1978),”
children were randomized to either rectal liquid
diazepam (0.5mg/kg every 12 hours) during illness
or daily phenobarbitone. Both treatments were
equally effective, or ineffective because there was
no placebo, and adverse effects were minimal.”’ In
the study by Lee et al, 1986 intermittent diazepam
prophylaxis 0.5 mg/kg administered as a rectal
suppository every 8 hours for up to 48 hours when
the temperature exceeded 38.5°C, was found to be
as effective as continuous oral sodium valproate.
Again, in this study also there was no placebo
group.

Long-term antiepileptic drug (AED) therapy. In
a recent meta analysis of 47 trials on AEDs and
seizure prevention, phenobarbital was specifically
found to be effective for prevention of recurrences
of febrile seizures with a relative risk of 0.51 and a
95% confidence interval of 0.32-0.82° In the
placebo-controlled trial of Camfield et al (1990)% in
children with a first simple febrile seizure, daily
dose 4-5 mg/kg of phenobarbital was found to be
effective in preventing recurrence (5% recurrence in
the phenobarbital group versus 25% in the placebo
group).®® Another randomized study on 355 children
with simple febrile seizure found that recurrence
rate in intermittent phenobarbital therapy did not
differ with the placebo while continuous treatment
with phenobarbital was significantly better than
placebo (6% versus 30% recurrence rate).® In the
study by Farwell et al (1990)%" in children with
complex febrile seizures, where non-compliance
was a problem, phenobarbital did not appear to have
an advantage over placebo in reducing recurrence
rate of seizures. After 2 years, 46% of the
phenobarbital group had recurrence as compared to

Neurosciences 2005; Vol. 10 (1) 19



Febrile seizures ...

38% in the placebo group.®’ In conclusion, most
trials of phenobarbital have shown benefit of this
drug in preventing recurrence or in reducing the
number of febrile seizures on condition it is given
daily, with compliance monitored and therapeutic
blood levels maintained.! Bacon et al (1981)%
compared phenobarbital, phenytoin, and placebo in
children who had their first seizure before 2 years of
age. Assessment was carried out after one year of
treatment. Phenobarbital significantly reduced
febrile seizure recurrence only in children who were
less than 14 months of age at the time of their first
febrile seizure, while phenytoin did not differ from
placebo.®?

Comparing children treated with phenobarbital
and those treated with carbamazepine, the study by
Anthony and Hawke (1983)% showed that 47% of
the carbamazepine group had recurrence versus
10% of the phenobarbital group.®* Another study
showed that 13 of 16 children who have failed
phenobarbital, had recurrent febrile seizures after 18
months of treatment with carbamazepine.** In the
study by Lee and Melchior (1981),% phenobarbital
did not show better outcome of seizure recurrence
as compared to no treatment while valproic acid was
significantly better, than both, in preventing
recurrences. Herranz et al (1984)% found that
phenobarbital 4.8mg/kg/d was effective in 80% of
the patients and valproate 35.2 mg/kg/d was
effective in 91.7% of the patients. Side effects after
valproic acid (observed in 45% of patients) were
significantly lower than after phenobarbital (76.7%).
Several other studies have found valproic acid to be
as effective as phenobarbital and significantly better
than placebo.’*¢7% The study by Mamelle et al
(1984)% showed that treated children (with either
phenobarbital or valproate) had significantly better
seizure outcome than the placebo group. The study
by Minagawa and Miura (1981)® found that a
regimen of 20-25 mg/kg/d bid of valproic acid was
less effective than a regimen of 30mg/kg/d bid and
less effective than phenobarbital and primidone
treatments. In a pooled analysis of trial results in
Britain in 1988 for febrile seizures treatment,
neither phenobarbital nor valproic acid was found to
be effective.”” However, more recently in 1998, a
meta-analysis of randomized, placebo-controlled,
published trials on prophylaxis for febrile seizures
found that children receiving either phenobarbital or
valproic acid had significantly lower risks of
recurrence than placebo, while intermittent
diazepam did not show significant advantage over
placebo.”

Adbverse effects of AED therapy. Cognitive and
behavioral side effects are mostly encountered
during phenobarbital treatment. Available data
suggest that 20-40% develop behavioral adverse
effects (hyperactivity, irritability, sleep disorders)
and a smaller proportion suffer from idiosyncratic
reactions.! Wolf et al (1981)7? compared
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phenobarbital treated children with children
receiving no therapy on psychometric tests
(Weschler Preschool and Primary Scale of

Intelligence WPPSI, the Matching Familiar Figures
Test, and the Children’s Embedded Figures Test).
No significant differences were found on any scale
at the initial evaluation or at the 3-month
follow-up.”? Farwell et al (1990)°' documented a
decline in intellectual ability of children receiving
phenobarbital. They noted an average of 7.03 IQ
points lower in children receiving phenobarbital as
compared to the placebo group after 2 years of
treatment. Six months after stopping the medication
the 1Q was still 5.2 points lower in the
phenobarbital-assigned group. A continuation of the
above study found that 3-5 years later, the
difference in IQ was not significant. However, the
phenobarbital group scored significantly lower on
the reading achievement standard score of the Wide
Range Achievement Test.® Hirtz et al (1993)
studied the effect of phenobarbital on total sleep
time and night awakenings and found that only a
subset of predisposed children had significant
increases in night awakenings due to phenobarbital
as compared to placebo. In the study by Knudsen
and Vestermark (1978)% side effects including
irritability, hyperkinesias and listlessness were
documented in 45% of the patients. Herranz et al
(1984)% observed side effects in 76.7% of the
phenobarbital treated patients (13.3% required
discontinuation of the drug) and 45% of the
valproate patients (14.3% required discontinuation).
Hyperactivity and sleep disturbances lead to
discontinuation of phenobarbital in 21% of the
patients in the study by Lee and Melchior (1981).%
The study by Domizio et al (1993)™* compared
children in the phenobarbital treated group with
those treated with other AEDs for side effects. In
the phenobarbital group, 76% had behavioral
disturbances (most commonly hyperactivity) as
compared to 31% in the other group. According to
the AAP practice parameter, reduced performance
while on therapy with phenobarbital has been
documented.

The use of Valproic acid in the treatment of
febrile seizures has been discouraged because of
fears of life-threatening liver toxicity in infants and
children. It is specifically not recommended for
routine use in children less than 3 years of age.!
Thrombocytopenia, pancreatitis, and  weight
disturbances are other adverse effects encountered
with valproic acid treatment. In the treatment of
febrile seizures, valproic acid has been shown to
cause vomiting and altered appetite as well as
increased activity.'®°

In the study by Uhari et al (1995), 39% of the
children on intermittent oral diazepam (0.3 mg/kg)
had moderately severe side effects of somnolence
and ataxia. Rosman et al (1993)% documented that



25-30%
diazepam  developed
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intermittent oral
lethargy, and

of the children on
ataxia,

irritability, and 5% had speech abnormalities, sleep

disorders,

and altered activity. Furthermore,

diazepam given at the time of febrile illness might
mask an underlying infection by causing lethargy,
which is usually attributed to the drug.!

References

1.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

. Verity CM, Greenwood R, Golding J.

Baumann RJ, Duffner PK. Treatment of children with
simple febrile seizures: the AAP practice parameter.
Pediatr Neurol 2000; 23: 11-17.

. Berg AT, Shinnar S, Hauser W, Alemany M, Shapiro E,

Salomon M, et al. Predictors of recurrent febrile seizures: a
prospective study of the circumstances surrounding the
initial febrile seizure. N Engl J Med 1992; 327: 1122-1127.

. Berg A, Shinnar S. Complex febrile seizures. Epilepsia

1996; 37: 126-133.

. Knudsen FU. Recurrence risk after first febrile seizure and

effect of short term diazepam prophylaxis. Arch Dis Child
1985; 60: 1045-1049.

. Bessisso M, Elsaid M, Almula N, Kadomi N, Zeidan S,

Azzam S, et al. Recurrence risk after a first febrile
convulsion. Saudi Med J 2001; 22: 254-258.

. El Radhi AS. Lower degree of fever at the initial febrile

convulsion is associated with increased risk of subsequent
convulsions. Eur J Pediatr Neurol 1998; 2: 91-96.

. Hugen CA, Oudeluys-Murphy AM, Hop WC. Serum

sodium levels and probability of recurrent febrile

convulsions. Eur J Pediatr 1995; 154 : 503-505.

. Kolfen W, Pehle K, Konig S. Is the long-term outcome of

febrile convulsions favorable? Dev Med Child Neurol
1998; 40: 667-671.

Long-term
intellectual and behavioral outcomes of children with
febrile convulsions. N Engl J Med 1998; 338: 1723-1728.
Chang Y, Guo N, Huang C, Wang S, Tsai J.
Neurocognitive attention and behavior outcome of
school-age children with a history of febrile convulsions: a
population study. Epilepsia 2000; 41: 412-420.

Chang Y, Guo N, Wang S, Huang C, Tsai J. Working
memory of school-aged children with a history of febrile
convulsions: a population study. Neurology 2001; 57: 7-8.
Camfield P, Camfield C, 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: 887-892.

Johnson E, Dubovsky J, Rich S, O’Donovan C, Orr H,
Anderson V, et al. Evidence for a novel gene for familial
febrile convulsions, FEB2, linked to chromosome 19p in an
extended family from the Midwest. Hum Mol Genet 1998;
7:63-67.

Berg A, Shinnar S. Unprovoked seizures in children with
febrile seizures: short-term outcome. Neurology 1996; 47:
562-568.

Camfield P, Camfield C. Management and treatment of
febrile seizures. Curr Probl Pediatr 1997; 27: 6-13.

Verity C, Golding J. Risk of epilepsy after febrile
convulsions: a national cohort study. Br Med J 1991; 303:
1373-1376.

Choueiri RN, Fayad MN, Farah A, Mikati MA.
Classification of epilepsy syndromes and role of genetic
factors. Pediatr Neurol 2001; 24: 37-43.

Nakayama J, Hamano K, Iwasaki N. Significant evidence
for linkage of febrile seizures to chromosome 5q14-ql15.
Hum Mol Genet 2000; 9: 87-91.

Racacho L, McLachlan R, Ebers G, Maher J, Bulman D.
Evidence favoring genetic heterogeneity for febrile
convulsions. Epilepsia 2000; 41: 132-139.

Van Stuijenberg M, Van Beijeren E, Wils N,
Derksen-Lubsen G, Van Duijn C, Moll H. Characteristics
of the initial seizure in familial febrile seizures. Arch Dis
Child 1999; 80: 178-180.

Mikati & Rahi

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

Wadhwa N, Bharucha B, Chablani U, Contractor N. An
epidemiological study of febrile seizures with special
reference to family history and HLA linkage. Indian
Pediatr 1992; 29: 1479-1485.

Rich SS, Annegers JF, Hauser WA, Anderson VE.
Complex segregation analysis of febrile convulsions. Am J
Hum Genet 1987, 41: 249-257.

Johnson W, Kugler S, Stenroos E, Meulener M, Rangwalla
I, Johnson T, et al. Pedigree analysis in families with febrile
seizures. Am J Hum Genet 1996; 61: 345-352.

Wallace R, Berkovic S, Howell R, Sutherland G, Mulley J.
Suggestion of a major gene for familial febrile convulsions
mapping to 8q13-21. J Med Genet 1996; 33: 308-312.
Peiffer A, Thompson C, Charlier C, Otterud B, Varvil T,
Pappas C, et al. A locus for febrile seizures (FEB3) maps to
chromosome 2q23-24. Ann Neurol 1999; 46: 671-678.
Baulac S, Gourfinkel I, Picard F, Rosenberg-Bourgin M,
Prud’homme J, Baulac M, et al. A second locus for familial
generalized epilepsy with febrile seizures plus maps to
chromosome 2q21-q33. Am J Hum Genet 1999; 65:
1078-1085.

Moulard B, Guipponi M, Chaigne D, Mouthon D, Buresi C,
Malafosse A. Identification of a new locus for generalized
epilepsy with febrile seizures plus (GEFS+) on
chromosome 2q24-q33. Am J Hum Genet 1999; 65:
1396-1400.

Lopes-Cendes I, Scheffer I, Berkovic S, Rousseau M,
Andermann E, Rouleau GA. A new locus for generalized
epilepsy with febrile seizures plus maps to chromosome 2.
Am J Hum Genet 2000; 66: 698-701.

Scheffer IE, Berkovic SF. Generalized epilepsy with febrile
seizures plus: a genetic disorder with heterogeneous clinical
phenotypes. Brain 1997; 120: 479-490.

Singh R, Scheffer IE, Crossland K, Berkovic SF.
Generalized epilepsy with febrile seizures plus: a common
childhood-onset genetic epilepsy syndrome. Ann Neurol
2001; 45: 75-81.

Wallace R, Wang D, Singh R, Scheffer I, George A,
Phillips H, et al. Febrile seizures and generalized epilepsy
associated with a mutation in the Na(+)-channel beta-1
subunit gene SCN1B. Nat Genet 1998; 19: 366-370.
Escayg A, MacDonald BT, Meisler MH, Baulac S,
Huberfeld G, An-Gourfinkel I, et al. Mutations of SCN1A,
encoding a neuronal sodium channel, in two families with
GEFS+2. Nat Genet 2000; 24: 343-345.

Baulac S, Huberfeld G, Gourfinkel-An I, Mitropoulou G,
Beranger A, Prud’homme J, et al. First genetic evidence of
GABA(A) receptor dysfunction in epilepsy: a mutation in
the gamma-2-subunit gene. Nat Genet 2001; 28: 46-48.
Dravet C. Les epilepsies graves de I’enfant. Vie Méd 1978;
8: 543-548.

Dravet C. Severe myoclonic epilepsy in infants and its
related syndromes. Epilepsia 2000; 41(Suppl 9): 7.

Claes L, Del-Favero J, Ceulemans B, Lagae L, Van
Broekhoven, De Jonghe P. De novo mutations in the
sodium-channel gene SCNIA cause severe myoclonic
epilepsy of infancy. Am J Hum Genet 2001; 68:
1327-1332.

Sugawara T, Mazaki-Miyazaki M, Fukushima K,
Shimomura J, Fujiwara T, Hamano S, et al. Frequent
mutations of SCNIA in severe myoclonic epilepsy in
infancy. Neurology 2002; 58: 1122-1124.

Harkin L, Bowser D, Dibbens L, Singh R, Phillips F,
Wallace R, et al. Truncation of the GABA(A) receptor y2
subunit in a family with generalized epilepsy with febrile
seizures plus. Am J Hum Genet 2002; 70: 530-536.

Abu Khalil B, Andermann E, Andermann F, Olivier A,
Quesney L. Temporal lobe epilepsy after prolonged febrile
convulsions: excellent outcome after surgical treatment.
Epilepsia 1993; 34: 878-883.

Berkovic S, Mclntosh A, Howell R, Mitchell A, Sheffield
L, Hopper J. Familial temporal lobe epilepsy: a common
disorder identified in twins. Ann Neurol 1996; 40: 227-235.
Kobayashi E, Lopes-Cendes I, Guerreiro C, Sousa S,
Guerreiro M, Cendes F. Seizure outcome and hippocampal
atrophy in familial mesial temporal lobe epilepsy.
Neurology 2001; 56: 166-172.

Neurosciences 2005; Vol. 10 (1) 21



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

22

Febrile seizures ...

Baulac S, Picard F, Herman A, Feingold J, Genin E, Hirsch
E, et al. Evidence for digenic inheritance in a family with
both febrile convulsions and temporal lobe epilepsy
implicating chromosomes 18qter and 1q25-31. Ann Neurol
2001; 49: 786-792.

Depondt C, Van Paesschen W, Matthijs G, Legius E,
Martens K, Demaerel P, et al. Familial temporal lobe
epilepsy with febrile seizures. Neurology 2002; 58:
1429-1433.

Hirtz D, Chen T, Nelson K, Sulzbacher S, Farwell J,
Ellenberg J. Does Phenobarbital used for febrile seizures
cause sleep disturbances? Pediatr Neurol 1993; 9: 94-100.
Provisional ~Committee on Quality Improvement,
Subcommittee on Febrile Seizures. Practice parameter: The
neurodiagnostic evaluation of a child with a first simple
febrile seizure. Pediatrics 1996; 97: 769-771.

Alvarez N, Lombroso C, Medina C, Cantlon B. Paroxysmal
spike and wave activity in drowsiness in young children: its
relationship to febrile convulsions. Electroencephalogr
Clin Neurophysiol 1983; 56: 406-413.

Doose H, Ritter K, Volzke E. EEG longitudinal studies in
febrile seizures, genetic aspects. Neuropediatrics 1983; 14:
81-87.

Morales A, Bass N, Lake-Smith K. Computerized
tomography and febrile seizures. Ann Neurol 1992; 32:
432.

Schnaiderman D, Lahat E, Sheefer T, Aladjem M.
Antipyretic effectiveness of acetaminophen in febrile
seizures: ongoing prophylaxis versus sporadic use. Eur J
Pediatr 1993; 152: 747-749.

Camfield P, Camfield C, Shapiro S, Cummings D. The first
febrile  seizure-antipyretic  instruction plus either
phenobarbital or placebo to prevent a recurrence. J Pediatr
1990; 97: 16-21.

Newman J. Evaluation of sponging to reduce body
temperature in febrile children. Can Med Assoc J 1985;
132: 641-642.

Van Esch A, Van Steensel-Moll HA, Steyerberg E,
Offringa M, Habbema D, Derksen-Lubsen G. Antipyretic
efficacy of ibuprofen and acetaminophen in children with
febrile seizures. Arch Pediatr Adolesc Med 1995; 149:
632-637.

Autret E, Billard C, Bertrand P, Motte J, Pouplard F,
Jonville A. Double-blind, randomized trial of diazepam
versus placebo for prevention of recurrence of febrile
seizures. J Pediatr 1990; 117: 490-494.

Uhari M, Rantala H, Vainionpaa L, Kurttila R. Effect of
acetaminophen and of low dose intermittent diazepam on
prevention of recurrences of febrile seizures. J Pediatr
1995; 126: 991-995.

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

Wallace S, Smith J. Successful prophylaxis against febrile
convulsions with valproic acid or phenobarbitone. Br Med
J 1980; 280: 353-354.

Knudsen FU, Vestermark S. Prophylactic diazepam or
phenobarbitone in febrile convulsions. Arch Dis Child
1978; 53: 660-663.

Lee K, Taudorf K, Hvorslev V. Prophylactic treatment with
valproic acid or diazepam in children with febrile
convulsions. Acta Paediatr Scand 1986; 75: 593-597.
Temkin N. Antiepileptogenesis and seizure prevention
trials with antiepileptic drugs: meta-analysis of controlled
trials. Epilepsia 2001; 42: 515-524.

Wolf SM, Carr A, Davis D. The value of phenobarbital in a
child who has had a single febrile seizure: a controlled
prospective study. Pediatrics 1997; 59: 378-380.

Farwell J, Lee J, Hirtz D, Sulzbacher S, Ellenberg J, Nelson
K. Phenobarbital for febrile seizures: effects on intelligence
and on seizure recurrence. N Engl J Med 1990; 322:
364-369.

Neurosciences 2005; Vol. 10 (1)

Mikati & Rahi

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

7.

78.

79.

80.

81.

Bacon C, Mucklow J, Rawlins M. Placebo-controlled study
of phenobarbitone and phenytoin in the prophylaxis of
febrile convulsions. Lancet 1981; 11: 600-603.

Anthony J, Hawke S. Phenobarbital compared with
carbamazepine in prevention of recurrent febrile
convulsions. Am J Dis Child 1983; 137: 892-895.

Camfield P, Camfield C, Tibbles J. Carbamazepine does
not prevent febrile seizures in phenobarbital failures.
Neurology 1982; 32: 288-299.

Lee K, Melchior JC. Sodium valproate versus phenobarbital
in the prophylactic treatment of febrile convulsions in
childhood. Eur J Pediatr 1981; 137: 151-153.

Herranz J, Armijo J, Artega R. Effectiveness and toxicity of
phenobarbital, primidone, and sodium valproate in the
prevention of febrile convulsions, controlled by plasma
levels. Epilepsia 1984, 25: 89-95.

Ngwane E, Bower B. Continuous sodium valproate or
phenobarbitone in the prevention of "simple" febrile
convulsions. Arch Dis Child 1980; 55: 171-174.

Mamelle N, Mamelle J, Plasse J, Revol M, Gilly R.
Prevention of recurrent febrile convulsions: a randomized
therapeutic assay: sodium valproate, phenobarbitone, and
placebo. Neuropediatrics 1984; 15: 37-42.

Minagawa K, Miura H. Phenobarbital, primidone, and
sodium valproate in the prophylaxis of febrile convulsions.
Brain Dev1981; 3: 385-393.

Newton RW. Randomized controlled trials of
phenobarbitone and valproate in febrile convulsions. Arch
Dis Child 1988; 63: 1189-1192.

Rantala H, Tarkka R, Uhari M. A meta-analytic review of
the preventive treatment of recurrences of febrile seizures. J
Pediatr 1997; 131: 922-925.

Wolf S, Forsythe A, Studen A, Friedman R, Diamond H.
Long-term effect of phenobarbital on cognitive function in
children with febrile convulsions. Pediatrics 1981; 68:
820-823.

Schulzbacher S, Farwell J, Temkin N, Lu A, Hirtz D. Late
cognitive effects of early treatment with phenobarbital. Clin
Pediatr (Phila) 1999; 38: 387-394.

Domizio S, Verrotti A, Ramenghi L, Sabatino G, Morgese
G. Anti-epileptic therapy and behavior disturbances in
children. Childs Nerv Syst 1993; 9: 272-274.

Nelson K, Ellenberg J. Prognosis in children with febrile
seizures. Pediatrics 1978; 61: 720-727.

Nabbout R, Prud’homme J, Herman A, Feingold J, Dulac
O, Leguern E. A locus for simple pure febrile seizures maps
to chromosome 6q22-q24. Brain 2002; 125: 2668-2680.
Nakayama J, Fu Y, Clark A, Nakahara S, Hamano K,
Iwazaki N, et al. A nonsense mutation of the MASS1 gene
in a family with febrile and afebrile seizures. Ann Neurol
2002; 52: 654-657.

Chou I, Lee C, Huang C, Wu J, Tsai J, Tsai C, et al.
Association of the neuronal nicotinic acetylcholine receptor
subunit alpha4 polymorphisms with febrile convulsions.
Epilepsia 2003; 44: 1089-1093.

Marini C, Harkin L, Wallace R, Mulley J, Scheffer I,
Berkovic S. Childhood absence epilepsy and febrile
seizures: family with a GABA(A) receptor mutation. Brain
2003; 126 (Pt1): 230-240.

Sugawara T, Tsurubuchi Y, Agarwala K, Ito M, Fukuma G,
Mazaki-Miyazaki E, et al. A missense mutation of the Na+
channel alpha 2 subunit gene Na(v) 1.2 in a patient with
febrile and afebrile seizures causes channel dysfunction.
Proc Natl Acad Sci USA 2001; 98: 6384-6389.

Kanemoto K, Kawasaki J, Yuasa S, Kumaki T, Tomol O,
Kaji R. Increased frequency of interleukin-1beta-511T
allele in patients with temporal lobe epilepsy, hippocampal
sclerosis, and prolonged febrile convulsion. Epilepsia 2003;
44: 796-799.



