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Abstract Febrile seizures (FS) are a benign epileptic mani-
festation of infancy occurring between 3 months and 5 years
of age and affecting an estimated 2-5 % of children. They
have usually no important negative effects on motor and
cognitive development. Simple FS (generalized seizures, last-
ing less than 10 min and single episodes during the same
febrile event) have a benign prognosis in almost all cases
and do not require an extensive diagnostic workup. In com-
plex FS (focal semiology and lasting more than 10 min, more
than one episode during the same febrile event), a more
detailed clinical, electroencephalographic, laboratory, and
neuroimaging evaluation is necessary because of a higher
percentage of underlying detectable causes and a mildly
higher risk for later development of epilepsy. Febrile status
epilepticus is the most severe type of complex FS even if its
morbidity and mortality is extremely low. Simple FS plus
(more than one convulsive episode in 24 h) have the same
benign prognosis of simple FS. Neither intermittent nor con-
tinuous prophylaxis is actually recommended both in simple
and complex FS because its side effects outweigh its possible
benefits. Conclusion: This review summarizes recent devel-
opments into the clinical management of FS including a
suggested algorithm for simple and complex FS, the concept
of simple FS plus, the controversies about the relationships
between FS and hippocampal sclerosis, the relationships
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Introduction

Febrile seizures (FS) are typically observed during a febrile
illness, in children without prior afebrile seizures, in the ab-
sence of a central nervous system infection or acute electrolyte
imbalance [5]. They can be divided in two groups including
simple FS (generalized seizures, lasting less than 10 min and
single episodes during the same febrile event) and complex FS
(focal semiology, lasting more than 10 min and occurring
twice or more within the same febrile episode) [11, 13].

FS represent the most common epileptic pattern in early
infancy occurring between 3 months and 5 years of age and
affecting an estimated 2-5 % of children [42]. A peak of
incidence at 18 months and a prevalence of about 3—7 % in
children up to 7 years have been reported [42]. A history of FS
in childhood involves 6-15 % of all epileptic patients with a
higher risk of developing epilepsy being observed under
14 years of age and in subjects with previous complex FS
[11, 33]. The present review is focused on the more important
actual diagnostic and therapeutic issues in the practical man-
agement of children with FS.

Diagnostic management of the first febrile seizure

Diagnostic workup should follow different pathways in chil-
dren with simple and complex FS (Fig. 1).
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Fig. 1 Diagnostic algorithm for
the evaluation of children with
febrile seizures

SIMPLE FEBRILE SEIZURES

Generalized seizures
Duration shorter than 10 minutes

SIMPLE FEBRILE SEIZURES PLUS

More than one generalized seizure in 24 hours
Normal neurologic examination

Single seizure during the same febrile event

EEG

To perform in all
complex febrile

seizures

Approach to simple febrile seizures

In children with simple FS, hospital admission should be
taken into account only in two selected cases: in children
younger than 18 months of age (because of the higher diffi-
culties in the differential diagnosis with central nervous sys-
tem infections) and in children without a responsible familial
context [8]. In all the other cases, a careful parental education
should be carried out [8]. The decision to hospitalize is often
influenced by some aspects depending on the local situation
such as the country, the distance from the hospital, or the
availability of medical care [§]. Diagnostic investigations
other than a careful history taking and a complete neurologic
examination are not currently recommended by the American
Academy of Pediatrics in patients with a first simple FS [2].

Complete blood cell count, electrolytes or glucose, and
taking cultures should be directed toward the identification
of the cause of the fever rather than as a step of routinary
evaluation of simple FS themselves [2, 46]. Infants under 6—
12 months of age presenting with FS often represent difficult
differential diagnostic questions with central nervous system
infections and require a more detailed diagnostic evaluation
[2, 46]. Lumbar puncture should be performed only in symp-
tomatic children presenting with a seizure, fever, and menin-
geal signs, while it should be considered as an option in
infants younger than 12 months with a possible deficient
immunization against Haemophilus influenzae type B or
Streptococcus pneumoniae or in subjects that had previously
received antibiotics [2]. In well-appearing and fully immu-
nized infants with a simple FS, systematic lumbar puncture
should be avoided because of the extremely low risk of
meningitis [2, 9].
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Electroencephalogram (EEG) should have no role both in
the diagnostic management of the acute phase and as a pre-
dictor of recurrent FS or future afebrile seizures [35]. Both
brain CT and MRI are not necessary if no other neurological
indications are provided because cerebral structural abnormal-
ities are uncommon in this population [2, 22].

Approach to complex febrile seizures

Complex FS implicate a more variable number of possible
underlying conditions than simple FS [38]. In the affected
patients, an extensive diagnostic workup should be considered
to exclude severe neurologic disorders (including central ner-
vous system infections, cerebral malformations, neurocutaneous
disorders, neurometabolic diseases, coagulopathies, demyelinat-
ing or inflammatory diseases), even if it results negative in most
of'the patients [8, 21, 46]. For these reasons, children with a first
complex FS, including those with a febrile seizure stopped
pharmacologically within the first 10 min, should always be
admitted to the hospital [8]. Blood investigations should be
guided, as for simple FS, by a specific diagnostic suspect to
search for fever etiology [40].

Although lumbar puncture should be considered in the
same context than in children with simple FS, physicians
should be aware that complex FS are more frequently associ-
ated with meningitis than simple FS (prevalence of 4.81 vs
0.86 % in a recently published series) [2, 3, 27, 33]. However,
the overall rare occurrence of meningitis in children
presenting with a complex FS indicates that lumbar
puncture should not be performed if no other risk factors, such
as post-ictal drowsiness or associated neurological deficits, are
present [3, 14].
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Brain neuroimaging should be particularly taken into ac-
count in focal and prolonged complex FS while the prevalence
of structural abnormalities requiring surgical approaches or
specific emergency treatments in the other cases is very low
[6, 28]. In this context, the performance of an emergency
neuroimaging is usually unnecessary [6, 45]. A particularly
low risk of intracranial pathology has been reported in chil-
dren presenting with more than one seizure within 24 h [6,
28]. A higher rate of neuroradiological pathologic abnormal-
ities should be expected if clinically evident neurological
deficits or abnormal focal electroencephalographic features
are detected [41, 48]. Hippocampal sclerosis is the most
important injury that has to be excluded through MRI in
children with recurring focal and prolonged FS because of
its possible association with the later development of drug-
resistant temporal lobe epilepsy [42]. Other common MRI
abnormalities in children with complex MRI include subcor-
tical focal hyperintensity, changes in white matter signal, and
focal cortical dysplasia, while other intracranial lesions such
as hemorrhages or tumors are rare [22, 28, 38].

Management of recurrent febrile seizures

The estimated general recurrence risk of FS after a first epi-
sode ranges between 30 and 40 % [8, 17]. The risk is 50 % in
the first year after the first FS, while it is higher than 90 %
within the second year [50]. The most common risk factors for
recurrence of both simple and complex FS include an age of
onset lower than 15 months, a positive familial history for FS
or epilepsy, a maternal preponderance in the positive familial
history for FS, an episode of complex FS at onset, previous
multiple episodes within the same febrile illness, and a lower
temperature prior to the initial seizures [8]. The more predic-
tors, the greater the risk for FS recurrence [39]. An earlier age
at onset of FS and a positive family history represent the main
predictors for the first recurrence, while a low temperature
before the first seizure is the most powerful predictor for three
or more recurrences [39]. Hospitalization is generally not
indicated in both simple and recurrent FS especially if they
are not prolonged and easily stopped with pharmacological
acute treatment [8]. Diagnostic approaches are not different
from the ones we have described for the first FS [8]. A
prolonged initial FS can increase the risk for prolonged recur-
rent FS even if episodes of febrile status epilepticus do not
necessarily implicate a higher risk of recurrent FS or epilepsy
[49]. In a recent series, the lack of EEG and neuroimaging
abnormalities in almost all the children with more than one FS
in 24 h, no focal features, and no abnormalities in the state of
consciousness between each seizure defined a group of sei-
zures with the same favorable prognosis of simple FS [18].
Therefore, the term simple febrile seizures plus (SFS+) was
proposed instead of “complex FS” for these seizure types [18].

Febrile status epilepticus

Febrile status epilepticus (FSE) is the most severe type of
complex FS even if its morbidity and mortality is extremely
low [10]. The FEBSTAT study, still in progress, plans to
analyze the relationship between FSE and temporal lobe epi-
lepsy (TLE) and has recently contributed to characterize var-
ious clinical, electroencephalographic, laboratory, and neuro-
radiological features of FSE [12, 15, 23-25, 34, 43]. The most
commonly reported risk factors for FSE in the FEBSTAT
cohort (199 patients) were younger age of the patients, lower
temperature, and longer duration of temperature recognition
before the seizure at the onset. The median age at the onset of
FSE was 16 months, the male/female ratio was 1.11, and the
mean duration of seizures was 70 min [24]. Most of the
patients had prior normal developmental milestones even if
developmental delay was most commonly associated with
more prolonged seizures [23]. Prior FS were reported in one
fifth of the cases [24]. Seizure types were prominently con-
tinuous, secondarily generalized, and constantly evolving to-
ward a generalized tonic-clonic seizure [24]. EEG abnormal-
ities were recorded in 45.2 % of FEBSTAT patients within
72 h since the onset of seizures [34]. Epileptiform discharges
were observed in a minority of patients (6.5 %) [34]. The
prominent abnormalities were represented by focal slowing
(23.61 % of the patients) or attenuation (12.56 %) with a
significant association with acute T2 hippocampal signal ab-
normalities at MRI [34]. Hippocampal T2 signal abnormal
increase was reported in 11.5 % of the 191 children who
underwent MRI in the acute phase of FSE and 10.5 % of them
had evident abnormalities in hippocampal development [43].
Cerebrospinal fluid anomalies were detected in none of the 136
patients who received a nontraumatic lumbar puncture [15].
Human herpes virus 6B (HHV6B) and 7 (HHV7) viremia was
observed, respectively, in 32 and 7.1 % of the 169 patients who
underwent specific blood investigations (polymerase chain re-
action and antibody titration), but no substantial differences in
clinical, EEG, and neuroimaging features were found between
children with or without the infection [12]. Unlike previous
reports, the FEBSTAT study failed to demonstrate both
HHV6B and HHV7 in cerebrospinal fluid in the 23 patients
who underwent a nontraumatic lumbar puncture [12, 20].

Febrile seizures and epilepsy

Different prospective cohort studies have demonstrated an
overall estimated risk of developing epilepsy in children with
previous FS ranging from 2 and 7 % according to the different
duration of the follow-up [33]. The risk of developing epilep-
sy after a FS is higher in the age range of 0—14 years than in
the following ages [33]. In children with a history of simple
FS, the risk is quite similar to the one occurring in the general
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population (1-1.5 vs 0.5—-1 %), while in children with complex
FS, it is higher (between 4 and 15 %) [8]. Family history for
epilepsy, prior neurological and neurodevelopmental abnormal-
ities, the occurrence of complex FS, and the presence of epi-
leptiform discharges at the EEG have been proposed as the
most common predictors for the development of epilepsy [50].

Some surgical series included a history of FS in 30-70 % of
patients with hippocampal sclerosis with a higher occurrence
in subjects with prior complex FS than in the ones with simple
FS (14.8 vs 11.4 % in a recently published series) [22]. Various
data from several prospective studies have not confirmed a
similar strong association [1, 11]. Among these patients, the
later occurrence of TLE has been more commonly observed in
the ones with a lower age at the onset of FS, a higher prevalence
of FS among first-grade family members, a prominence of
simple partial or generalized tonic-clonic seizures, and frequent
vertiginous and autonomic symptoms [26]. Other current pro-
spective studies, such as the FEBSTAT study itself, are looking
for definitive answers about this focus [24].

In a minority of patients, FS can be part of a more complex
epileptic pattern [19, 31]. Dravet syndrome and genetic epi-
lepsy with febrile seizure plus (GEFS+, previously known as
“generalized epilepsy with febrile seizure plus”) represent two
valuable examples in this context [19, 31]. Dravet syndrome
(Online Mendelian Inheritance in Man number 607208) is an
early-onset intractable epileptic encephalopathy with recurrent
polymorphic seizures and developmental milestones impair-
ment, mental delay, spasticity, and ataxic gait in the advanced
stages [31]. Dravet syndrome can be related to mutations in
the sodium channel neuronal type 1a subunit (SCN1A) gene
or in the protocadherin 19 gene [31]. GEFS + is also often
related to SCN1A and it is an autosomal dominant disorder
that is characterized by FS occurring beyond the common
ages, subsequent afebrile generalized or partial seizures, a
normal psychomotor development, and a milder clinical se-
verity than Dravet syndrome [31].

A distinct clinical entity that should be considered in the
differential diagnosis of classic FS is represented by febrile
infection-related epilepsy syndrome (FIRES) [29]. FIRES is a
catastrophic epileptic encephalopathy following a febrile epi-
sode with onset during the early infancy (range 4-9 years)
[29]. Its clinical presentation includes recurrent life-
threatening status epilepticus in the acute phase and drug-
resistant seizures and intellectual impairment at the follow-
up [29]. The etiopathogenesis of FIRES is still unknown [29].

Treatment of febrile seizures
Therapeutic approach to prolonged febrile seizures

Simple and most of the complex FS usually last less than 2—
3 min with a spontaneous resolution in most of the cases [39].
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In this context, a different approach should be taken into
account for complex FS with known underlying etiologies
requiring specific therapies [38]. The duration of 5 min for a
seizure has been recently suggested as the limit for an active
therapeutic intervention [7]. This observation was made be-
cause seizures lasting more than 5 min often do not stop
spontaneously and have a higher potentiality to induce per-
manent neuronal injury and/or drug resistance [7].

Out-of-hospital rescue requires a well-managed pediatric
basic life support and the eventual administration of rectal
diazepam or oromucosal midazolam (according to differences
in commercially available formulations in the different coun-
tries) if no intravenous accesses are available [16, 30]. In
hospitals, management of prolonged FS does not differ from
afebrile seizures and status epilepticus and it includes a three-
step-based therapeutic approach [30, 32]. These steps include
(a) benzodiazepines for seizures lasting less than 30 min; (b)
phenytoin/fosphenytoin, phenobarbital, valproate, levetirace-
tam, or lacosamide for seizures lasting 30-90 min; and (c)
anesthetics for refractory seizures lasting more than 90 min
[30, 32].

Prevention of recurrences

Strategies for pharmacological prophylaxis of FS include
intermittent (antipyretics, oral/rectal diazepam, oral clobazam)
or continuous treatments (valproic acid, phenobarbital,
primidone) [37]. Antipyretic agents have been proven to be
not effective in the prevention of FS [4]. The administration of
oral/rectal diazepam or oral clobazam at the beginning of the
febrile episode and the chronic antiepileptic treatments with
valproic acid, phenobarbital, or primidone have been demon-
strated to be effective, but their use is currently not recom-
mended because of the severity of the possible side effects
(transient mild ataxia, hyperactive behavior, sedation or leth-
argy, and more rarely, respiratory depression, bradycardia, or
hypotension) and the relatively low risks associated with both
simple and most of the complex FS [35, 36, 44, 47]. In this
context, an adequate parental education is required to teach
parents the basis for acute rescue, to reduce their anxiety, and
to inform them about the benignity of the phenomenon and the
advantages of minimal therapeutic interventions in most of the
patients [35, 36, 44, 47].

Conclusions

FS is a commonly benign epileptic disorder in childhood.
Their pathogenesis is multifactorial and it is probably based
on interactions between several factors including individual
and familial susceptibility, modulation of immune response,
regulation of neuronal excitability, and exogenous agents. An
extensive diagnostic workup in the acute phase is required
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only in selected patients (mostly with complex FS, febrile
status epilepticus, or infants under 12 months of age requiring
a differential diagnosis with central nervous system infec-
tions). The risk for a later development of epilepsy is similar
to the general population in children with simple FS, while it is
mildly higher in complex FS. Neither intermittent nor contin-
uous prophylaxis is recommended because its side effects
outweigh its possible benefits.
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