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30.1	 �Introduction

Febrile seizures (FS) are nosological entities that affect 
2–5% of children aged 6 months to 5 years [1, 2]. In most 
cases, these seizures are isolated or sporadic, of short dura-
tion, and with no focal semiological features; in such cases 
they are defined as simple febrile seizures. However, a febrile 
seizure that lasts more than 15 min, which has focal signs, or 
that recurs within 24 h is defined as “complex” febrile sei-
zure [2, 3]. Prolonged febrile seizure (PFS) is therefore a 
particular type of complex febrile seizure. PFS are events 
that last more than 10–15 min (there is debate about which is 
the cutoff to be considered): according to some authors, it 
would be more appropriate to consider 10 min, but for the 
risk assessment of status epilepticus or response to treat-
ment, 15 min seems a most appropriate benchmark [4, 5]. In 
case the duration exceeds 30 min, the more appropriate defi-
nition is febrile status epilepticus (FSE). FSE occurs in 
approximately 5% of children with ongoing febrile seizures 
and in about 25% of all status epilepticus in childhood. There 
are reports concerning the possible association of PFS/FSE 
and hippocampal lesions, which might justify the subsequent 
onset of temporal lobe epilepsy [6].

30.2	 �EEG in FS and FSE

Electroencephalogram (EEG) is not indicated in the routine 
evaluation of simple febrile seizures; on the other hand, the 
role of EEG in children with complex febrile seizures includ-
ing febrile status epilepticus is not well-known [7]. One of 
the most remarkable findings in EEGs done within 1 week 
after febrile status epilepticus is focal slowing. The acute 

EEG findings after prolonged febrile seizures reveal abnor-
mal activity in at least one third of cases across different 
series. Usually what is seen in those cases is slowing of back-
ground activity with wide amplitude over bilateral posterior 
regions (Fig. 30.1). Even if it has been estimated that about 
one third of patients with prolonged febrile seizures might 
develop epilepsy in the future, this has not been correlated 
with the presence of slowing at EEG, which therefore do not 
confer any added risk.

In old series it has been reported that focal slowing at 
EEG might be of added value in predicting the subsequent 
development of epilepsy [8] even if this is not completely 
clarified [9]. Moreover, in both reported series, the follow-up 
was limited to less than 5 years (Fig. 30.2).

Regarding the possible association with temporal lobe 
epilepsy, it is likely that the previous mentioned series had no 
sufficient follow-up in order to ascertain whether an initial 
abnormal EEG was predictive of subsequent temporal lobe 
epilepsy [10].

The FEBSTAT study [11] is a multicenter study that is 
prospectively identifying children with febrile status epilep-
ticus. The children have both an MRI and EEG along with 
additional studies performed at baseline and at 1 year as well 
as if they develop epilepsy and are being followed long term. 
These EEGs are being interpreted by two readers blinded to 
the clinical histories and outcomes.

Consensus is reached on the findings in all studies. Early 
findings [12] confirm that focal slowing is a common finding 
with a frequency similar to that reported in the older series. 
Correlations between EEG findings and the MRI as well as 
the long-term outcomes are inconsistent. The study is ade-
quately powered to eventually address the question of the 
relationship between prolonged febrile seizures and subse-
quent mesial temporal sclerosis and mesial temporal lobe 
epilepsy as well as the predictive value of the EEG for short- 
and long-term outcomes. The physiological mechanisms 
underlying the slowing are unknown.

A small portion of children at the age of 3 years and below 
with EEG was recorded soon after a febrile status epilepticus 
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revealed epileptiform discharges [13]. The clinical signifi-
cance of these interictal epileptiform discharges is not clear. 
According to Yucel et al., detection of epileptiform activity is 
less common in the first week following the prolonged febrile 
convulsion [14]. The most common type of epileptiform 
activity to observe in the older children are bursts of general-
ized spike-wave discharges, although an association with 
centrotemporal spikes has also been noted [15]. Frantzen 
et al. reported that generalized spike-wave discharges did not 
usually appear in the acute EEG, but were found on follow-
up, on average 16 months after the febrile convulsion [9]. It 
is possible that the occurrence of spikes indicates a genetic 

susceptibility. The long-term value of the early EEG findings 
after prolonged febrile seizures is not yet known, but the data 
so far suggest that the focal slowing is not associated with 
pre-existing focal structural lesions since it is only present 
for a short period of time. These data suggest that it might be 
important to correlate the findings with experimentally 
induced febrile status [16]. The precise relation between the 
focal slowing and epilepsy is uncertain. Studies to date were 
underpowered and lacked sufficient follow-up to rigorously 
assess the risk of focal slowing for the development of epi-
lepsy. In addition the best studies were performed decades 
ago, long before the advent of MR, so the relationship with 

Fig. 30.1  Post-ictal EEG in a 
patient with complex febrile 
seizures (buccal midazolam 
was administered 30 min 
before the EEG). Background 
activity is slightly slow. Over 
frontal and fronto-temporal 
left regions some theta-delta 
waves are evident

Fig. 30.2  Post-ictal EEG of 
a patient with simple febrile 
seizure. Rare slow waves are 
evident over frontal bilateral 
regions
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mesial temporal sclerosis, if any, is undetermined. 
Completion of existing prospective clinical studies, refine-
ment of the existing animal models for febrile seizures to 
better match the clinical characteristics observed in children, 
and correlation between the two may help to accelerate our 
understanding of this very interesting phenomenon. 
Figure  30.3 shows an ictal recording of a simple febrile 
seizure.

30.3	 �Other Conditions with Seizures 
Induced by Fever

Febrile infection-related epilepsy syndrome (FIRES) is a 
catastrophic epileptic encephalopathy with refractory status 
epilepticus (SE) in developmentally normal children [17] 
without a diagnostic biologic marker. FIRES is characterized 
by the development of seizures in healthy children few days 
after a short febrile illness that rapidly exacerbated into a SE 
or a cluster of seizures, followed by a chronic drug-resistant 
epilepsy and cognitive function deficit [18].

Since most of the patients presented with seizures imme-
diately following a febrile episode, an autoimmune mecha-
nism has been considered. Different antibodies have been 

investigated in patients with FIRES with negative results; 
therefore up to now there are no evidence to support that 
autoantibodies are the etiology of FIRES. Furthermore, poor 
response to immunotherapy has been reported. FIRES is 
likely to represent an immune-inflammatory-mediated epi-
leptic encephalopathy rather than an autoimmune process 
[19]. The syndrome invariably begins with a febrile illness, 
most commonly a minor upper respiratory tract infection or 
a gastroenteritis; fever during the infectious illness is some-
times low grade or absent (with a median duration of 4 days); 
in about half of the patients, it disappears at the time of first 
seizure occurrence [20] in contrast to febrile seizures and 
febrile status epilepticus. The clinical course of this disorder 
is typically biphasic with an initial acute catastrophic phase 
followed by a chronic refractory epilepsy phase.

After the onset, seizures rapidly became frequent or exac-
erbated into SE showing resistant to treatment with a variety 
of antiepileptic drugs (AEDs). It is not uncommon for chil-
dren with FIRES to have hundreds of seizures a day during 
the acute phase. Seizures are focal (simple motor with facial 
twitching or complex partial seizures with lateral deviation 
of the head, chewing movements, and some autonomous fea-
tures, suggesting a mesial temporal lobe involvement) with a 
strong tendency to become bilateral tonic-clonic. Also, 

Fig. 30.3  EEG counterpart of a simple febrile seizure in a 2 years old patient. The EEG shows a diffuse attenuation of cerebral activity followed 
by repetitive spikes more prominent over left frontal region. The EMG trace show a bilateral hypertonus at beginning followed by clonic jerks
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myoclonic seizures of facial and oro-buccal muscles have 
been reported. Consciousness is decreased, including the 
interictal period. The duration of this acute phase is variable. 
It can last from a few days to several months. Usually no 
patient had neurological features other than seizures during 
the acute phase of illness. Ictal and interictal electroencepha-
lography (EEG) studies revealed focal, generalized, or more 
frequently bilateral, multifocal pattern, and the location of 
the epileptic foci was predominantly frontotemporal 
(Fig. 30.4). Background focal or generalized slowing is com-
mon. The EEG between seizures shows slow waves resem-
bling an “encephalitis” pattern.

30.4	 �Conclusions

Focal slowing is the main electroencephalographic abnor-
mality seen acutely in children with febrile status epilepti-
cus. The findings are quite consistent over time and in 
different patient populations. If focal slowing is associated 
with a development of epilepsy later in life is uncertain. 
Studies to date are not sufficient in order to assess the risk of 
focal slowing for the development of epilepsy. Future clini-
cal studies, better understanding of animal models, and 
results from genetic studies might help in this field of 
knowledge.

a

b

Fig. 30.4  Ictal EEG during a status epilepticus in a 4 years old patient 
with FIRES. Seizures are brief but subsequent. (a) On the right hemi-
sphere there are spikes and spikes and waves discharges as last part of a 
previous seizure. At the same time a new seizure is staring on the left 

hemisphere characterized by repetitive spikes over left fronto-temporal 
region. (b) Seizure ends abruptly and after few seconds one more ictal 
clinical discharge is evident on the same side
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