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ARTICLE INFO ABSTRACT

Key words: Objectives: To identify possible predictors of progression from febrile seizures to epilepsy or genetic epilepsy with
Febrile seizures (FS), Prognostic factors febrile seizures plus (GEFS+), and to evaluate the management of febrile seizures in Italian clinical settings.
Epilepsy, GEFS+ Methods: 231 children with complex febrile seizures, febrile status epilepticus, or recurrent episodes of simple

febrile seizures requiring therapy or follow-up, were recruited from four different hospitals. At the baseline
evaluation and during follow-up, data were collected regarding each child’s febrile seizures (number, duration,
triggers, clinical characteristics), psychomotor development, possible neuropsychiatric comorbidities, any family
history of neuropsychiatric disorders, as well as findings of electroencephalographic evaluation (EEG), diagnostic
tests, and prescribed treatments. The data were analyzed using Mann-Whitney and Fisher tests, and univariate
and multivariate logistic models.

Results: A family history of epilepsy, a higher absolute number of episodes, an older age at onset of febrile sei-
zures, and the presence of afebrile seizures were found to be factors associated with an increased risk of
developing epilepsy or GEFS+. Conversely, a normal EEG at onset and an increase in the number of simple febrile
seizures or of complex febrile seizures occurring within the first 24 h were associated with a lower risk.
Conclusions: This study provides previously unreported evidence relevant to the prediction of epilepsy or GEFS+
in patients with febrile seizures, which may facilitate the identification of new prognostic factors. It also high-
lights concerns regarding the current national and international guidelines on febrile seizures.

1. Introduction children aged between 6 months and 5 years, showing a variable esti-
mated incidence of 2-5 % and a slight male predominance (1.6:1) [1,2].
Febrile seizures (FS) are the most common type of seizure disorder in FS are associated with fever (> 100.4°F or 38 °C, measured by any

Abbreviations: FS, febrile seizures; SFS, simple febrile seizures; CFS>2/24 h, complex febrile seizure recurrence within 24 h; FSE, febrile status epilepticus; GEFS+,
genetic epilepsy with febrile seizures plus; ASM, anti-seizure medication; ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; EEG,
electroencephalographic evaluation; CT, computed tomography; MRI, magnetic resonance imaging; NICU, neonatal intensive care unit.
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method) and occur in children without a history of afebrile seizures or
central nervous system infection [1]. Children experiencing FS are at
risk of recurrent episodes and may also develop epilepsy. The incidence
of FS peaks at between 12 and 18 months of age and the condition is
traditionally categorized as: simple FS (SFS, 70-75 % of FS) or complex
FS (CFS), although febrile status epilepticus (FSE) is also recognized [3].
Over the past 40 years, most guidelines have sought to differentiate SFS
from CFS on the basis of clinical features, recurrence patterns, and
prognosis [2,4]. CFS can be focal, prolonged (lasting >15 min) and
recurrent, i.e., occurring more than once within 24 h (CFS>2/24 h) [3].
Moreover, CFS, compared with SFS, carry a higher risk of progression to
epilepsy (4-15 % vs. 2-3 % of cases, respectively) [4], sometimes with
the subsequent development of neurologic deficits, or to a condition
called genetic epilepsy with febrile seizures plus (GEFS+), whose clin-
ical presentation can vary widely between members of the same family.
The literature has not extensively confirmed the association between FS
and future development of epilepsy or GEFS+, and the underlying
pathophysiology of FS is still unknown [5].

Various diagnostic procedures and tools are needed to predict the
development of epilepsy and GEFS+ in children with different types of
FS. Furthermore, to date, the management of FS, CFS in particular, is not
standardized and harmonized across reference centers [5,6], and the
currently available clinical practice guidelines, now dated and still
recommending phenobarbital, an old anti-seizure medication (ASM),
can no longer be considered sufficiently reliable [3,6].

This study seeks to characterize patient- and disease-related risk
factors, evaluated at baseline and during follow-up, which may predict
what the present study defines as the most severe outcomes of FS,
namely the development of epilepsy or GEFS+. Accordingly, we per-
formed a retrospective longitudinal study, enrolling a case series of
children referred to hospital pediatric departments because of FS and
collecting their full clinical history in order to characterize the possible
progression to epilepsy and GEFS+.

We also set out to identify possible prognostic factors that might
drive the development of new recommendations on the management of
FS.

2. Methods
2.1. Study design

This multicenter retrospective longitudinal study included children
with episodes of FS who were referred, between January 1, 2019 and
December 31, 2023, to four different pediatric departments in northern
Italy: Pediatric Neurology Unit, Buzzi Children’s Hospital, Milan; Child
Neuropsychiatry Unit, Epilepsy Center, San Paolo Hospital, Milan; Child
Neuropsychiatry Unit, Niguarda Hospital, Milan; and Child Neuropsy-
chiatry Unit, Ospedale Maggiore della Carita, Novara.

2.2. Ethical statement

This study was approved by the local ethics committee (CET Lom-
bardia 1) with approval number CET 115-2024. In addition to
complying with this committee’s guidelines, all procedures were per-
formed in accordance with the ethical standards set out in the 1964
Helsinki Declaration and its subsequent amendments. In each case,
informed consent to the treatment of anonymized data was obtained
from a parent or legal guardian. Anonymization procedures were vali-
dated and approved.

2.3. Eligibility

Eligible patients were either seen in outpatient clinics or admitted to
the emergency department because of FS, defined as seizures with fever
(>38°C) as the sole trigger, occurring at between 6 months and 5 years
[1]; they included cases with recurrent SFS (>3 episodes in 6 months,

148

Seizure: European Journal of Epilepsy 132 (2025) 147-153

>4 in one year, or SFS necessitating the start of ASM for continuative
preventive treatment, according to the LICE recommendation [3]), cases
with CFS (i.e., whose seizures: a) recurred within 24 h (CFS >2/24 h), b)
were of the focal type (Focal CFS <10), or ¢) were interrupted at and
after 3 min with benzodiazepines, according to the current classifica-
tions (FS int. > 3") [3]), and cases with FSE, defined as a generalized
seizure lasting >5 min or a focal seizure lasting >10 min [7].

We excluded patients with sporadic SFS (fewer than 3 episodes in the
previous 6 months or 4 in the previous 12 months), those with a previous
diagnosis of epilepsy, patients with a personal history of cerebral dis-
orders (cerebral palsy, stroke, intracranial tumors, central nervous sys-
tem infections), and those with missing follow-up clinical data.

2.4. Clinical data

We collected the following data for each child: age at first evaluation,
gender, family history of FS, epilepsy or other neurodevelopmental
disorders (i.e. evidence of above-mentioned diagnosis in patients’ first-
or higher degree relatives including biological parents, grandparents,
siblings, cousins, uncles/aunts), gestational age, any pregnancy com-
plications, and perinatal history including perinatal or neonatal distress.
We also recorded the presence, at the first evaluation and at the last
follow-up, of neuropsychiatric disorders, namely attention deficit hy-
peractivity disorder (ADHD), autism spectrum disorder (ASD), language
or psychomotor delay; any infections occurring or vaccinations received
around the time the FS appeared; any use of ASM (meaning daily pro-
phylactic antiepileptic drugs); number, duration and clinical charac-
teristics of each FS episode; any genetic testing performed; and the
findings of any electroencephalographic evaluation (EEG) and neuro-
imaging studies, i.e., cerebral head computed tomography (CT) and
magnetic resonance imaging (MRI). We also collected data on EEG, CT,
and MRI findings in the course of the follow-up (abnormal EEG patterns
included interhemispheric asymmetry and epileptiform discharges,
while abnormal neuroimaging findings included evidence of potential
cortical abnormalities, cerebral hemisphere malformations, and
enlarged brain ventricles or perivascular spaces).

At the last follow-up, we classified the patients on the basis of
baseline FS features and final outcomes (i.e. SFS, CFS>2/24 h, focal CFS
<10/, FSE, FS int. > 3/, epilepsy, GEFS+).

All potential predictors were initially selected based on a combina-
tion of published evidence and our clinical experience in the manage-
ment of febrile seizures [2,4,8].

2.5. Statistical methods

Categorical variables were reported as frequency and percentage,
and continuous variables as mean and standard deviation.

The Mann-Whitney/Wilcoxon and Fisher tests were used to compare
samples of continuous and categorical data, respectively.

Univariate and multivariate logistic models were performed to assess
the predictive effect of variables on outcome. For multivariate models, a
stepwise selection method was used to identify the most significant
predictors.

The conventional two-tailed 5 percent level was chosen as the
threshold of statistical significance. All statistical analyses were per-
formed using R software (version 4.4.1, R Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Patient features

We retrieved baseline data concerning 231 children initially identi-
fied with SFS (n = 97), CFS>2/24 h (n = 78), focal CFS lasting <10 min

(n = 34), or FSE (n = 22), and reviewed their records after a four-year
follow-up period. The sample showed a male-to-female ratio of 1.4:1,
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and a median age (25th-75th percentile) of 15 months (range, 12-21) at
first febrile convulsion. Review of the records revealed that 11.7 % were
lost to follow-up. The remaining 204 were reclassified using 7 final
categories, obtained by adding GEFS+ and epilepsy (i.e., the most severe
outcomes) to the initial diagnostic groups (Table 1), and 53.4 % were
found to have changed diagnosis. GEFS+ diagnosis was performed, ac-
cording to literature [4,9], mainly on clinical data as genetic analysis
was implemented in 11 out of 17 cases. Notably, one out of 11 cases
were genetically confirmed (SCNIA variant), 3 of them tested negative
for any variant while genetic analysis of the other 7 cases was still in
progress at the time of the last follow-up.

The GEFS+ and epilepsy groups, compared with the other clusters,
were characterized by higher numbers of total episodes, SFS, and
afebrile seizures during follow-up (p < 0.0001) (Supplementary
Table 1). Table 2 reports the main clinical features of the 204 children
who completed the follow-up.

The median number of recorded seizures was 3 (25th-75th percentile
2-6, range 1-38). A family history of FS was reported in 57.1 % of
children, with higher prevalence rates recorded in the patients eventu-
ally diagnosed with GEFS+ or FSE than in the other diagnostic groups.
Only 18.4 % of the children had a family history of epilepsy, this feature
being prevalent in those with a final diagnosis of epilepsy (Table 2). A
family history of neuropsychiatric disorders (intellectual disability,
neurodevelopmental disorders, anxiety, primary psychotic disorders,
mood disorders) was reported in 13.8 % of the case series.

Review of perinatal history revealed a pathological delivery or
postnatal complications (perinatal distress, neonatal hypoglycemia,
sepsis) with NICU admission in 9.6 %, and the incidence was signifi-
cantly higher in children with a final diagnosis of focal CFS <10’ (p =
0.0003). Preterm delivery was reported in ~11.3 % of the sample.

In the course of the follow-up, 15.2 % of cases received a neuro-
psychiatric diagnosis (ADHD, ASD, language or psychomotor delay),
with a higher prevalence in males (p = 0.046). Neuropsychiatric
comorbidities were most frequent in the group with a final diagnosis of
epilepsy (50 %). Comparison of children with and without neuropsy-
chiatric comorbidities revealed higher rates of afebrile seizures (p =
0.0040) and of FS of any type (p = 0.0303) in the former group. Un-
surprisingly, children with neuropsychiatric comorbidities were more
likely to undergo genetic analyses and neuroimaging evaluations which
often revealed pathological abnormalities (p < 0.001). Preventive
therapies were also more commonly used in this group (p < 0.001).

Concomitant infections were reported in 69.1 % of the children, and
this group was found to have a lower rate of afebrile seizures than the
group without infections (p = 0.0453).

Seizures occurring after vaccinations were associated with a younger
median age at baseline (12.2 vs. 18.5 months, p = 0.0027) and were
mainly simple febrile seizures (p = 0.0027). Hot bath-induced seizures
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were reported in only 3 patients, and none evolved into Dravet syn-
drome. Most of the patients in the overall case series were hospitalized
(84.3 %). High and comparable rates of hospitalization were found in all
the final diagnostic groups (Table 2). The hospitalized patients showed a
lower incidence of total episodes (p = 0.001), and a lower number of SFS
(p = 0.0053). Hospitalized children were more likely to undergo EEG (p
= 0.025), receive vaccinations (p = 0.018), and have infections (p <
0.0001).

Most of the cases had an EEG at baseline (95.6 %), and abnormalities
(epileptiform discharges and/or interhemispheric asymmetries) were
detected in 34.4 %. EEG abnormalities were most frequently observed in
patients with a final diagnosis of epilepsy (61.1 %). In 58.4 % of cases,
EEG was repeated during follow-up. Children with afebrile seizures
showed a higher rate of EEG abnormalities at first evaluation than those
with SFS (p = 0.0061). Children with an abnormal EEG at the first visit
had more EEG evaluations during follow-up (p < 0.001) and were more
likely to be submitted to neuroimaging evaluations, genetic analysis,
and preventive therapies (p < 0.001, p = 0.005, p = 0.030).

Neuroradiological examinations were prescribed in 53.9 % of cases,
more frequently in children eventually diagnosed with epilepsy (83.3 %)
or GEFS+ (76.5 %). Only 19.6 % of cases underwent genetic analyses,
which were mainly requested in patients with the final diagnosis of
epilepsy or GEFS+.

Preventive therapy was administered in only 18.6 % of the case se-
ries (valproic acid (Depakene) in 90.7 %, followed by levetiracetam in
three cases, and oral intermittent diazepam in one), after an average of
8.4 (£5.1) convulsions and mostly in patients eventually diagnosed with
epilepsy or GEFS+ (52.2 %). The mean age at first febrile convulsion was
statistically lower in children receiving preventive ASM (p = 0.0073);
moreover, preventive treatment was mainly administered in patients
experiencing higher numbers of total episodes (p < 0.0001), afebrile
seizures (p < 0.0001), and CFS>2/24 h (p = 0.049).

4. Univariate analysis

Several factors were found to be associated with the risk of devel-
oping epilepsy or GEFS+. Children with more recorded episodes of SFS
and with more episodes in general had a moderate risk of receiving a
final diagnosis of epilepsy or GEFS+ (OR 1.3 (95 % CL:1.2-1.4), p <
0.0001, and OR 1.2 (95 % CI:1.2-1.4), p < 0.0001, respectively).

Children with neuropsychiatric comorbidities had a three-fold
increased risk of a final diagnosis of epilepsy or GEFS+ compared
with those without (OR:3.1 (95 % CI:1.7-5.6), p = 0.0002). Notably, the
children showing highest frequency of afebrile seizures had a 26-fold
increased risk of receiving final diagnosis of epilepsy or GEFS+
(OR:26.5 (95 % CI:6.1-189.3), p = 0.0001).

Normal EEG findings at baseline were associated with a lower risk of

Table 1
Final classifications of patients with FS and classification at baseline.
Final classification SFSN=1' CFS>2/24HN = Focal CFS <10' N = FSEN = FSint. > 3'N= EpilepsyN = GEFS+ N = Overall N =
95! 37 32! 4! 18’ 17" 204’
Baseline
classification
SFS 1(100.0 41 (43.2 %) 14 (37.8 %) 14 (43.8%) 4 (100.0 %) 10 (55.6 %) 12 (70.6 %) 96 (47.1 %)
%)
CFS$>2/24h 0 (0.0 %) 52 (54.7 %) 2 (5.4 %) 1(3.1%) 0 (0.0 %) 4 (22.2 %) 2 (11.8 %) 61 (29.9 %)
Focal CFS <10' 0 (0.0 %) 2 (2.1 %) 21 (56.8 %) 0 (0.0 %) 0 (0.0 %) 3(16.7 %) 2(11.8 %) 28 (13.7 %)
FSE 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 17 (53.1 %) 0 (0.0 %) 1(5.6 %) 1(5.9 %) 19 (9.3 %)
Overall 1(0.5 %) 95(46.6 %) 37(18.1 %) 32(15.7 %) 4(2.0 %) 18(8.8 %) 17(8.3 %) 204(100 %)

Table 1 shows the classification at baseline of patients based on their first febrile seizure presented, and how they are distributed at the final follow-up according to the
final classifications, categorized by the most severe seizure/diagnosis experienced during their follow-up.

SFS, simple febrile seizures; CFS>2/24 h, complex febrile seizure recurrence within 24 h; Focal CFS < 10, complex febrile seizure of the focal type lasting <10 min;
FSE, febrile status epilepticus; FS int. > 3/, complex febrile seizure whose seizures were interrupted at 3 min or afterwards; GEFS+, genetic epilepsy with febrile seizures

plus.
1 n(%).
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Table 2
Clinical features of the patients by final diagnostic group.
Final classification SFSN = CFS>2/24h N Focal CFS <10 N FSEN = FSint. > 3'N Epilepsy N = GEFS+ N = Overall N =
1! =95 =37' 32! =4 18’ 17! 204
Age mean(sd) 21(NA) 16(7.2) 19(10.4) 16(7.2) 18(4.9) 18(11.0) 24(17.7) 17.9(9.8)
Gender
M 0 (0.0 %) 58 (61.1 %) 25 (67.6 %) 18 (56.3 2 (50.0 %) 10 (55.6 %) 11 (64.7 %) 124 (60.8 %)
%)
Preterm delivery
<37 0 (0.0 %) 8 (9.4 %) 7 (19.4 %) 6 (20.7 %) 1(33.3%) 1 (6.3 %) 0 (0.0 %) 23 (12.5 %)
Delivery
Pathological 0 (0.0 %) 8 (9.4 %) 6 (16.7 %) 1(3.4 %) 0 (0.0 %) 3(18.8 %) 2 (14.3 %) 20 (10.9 %)
Neurological examination at
baseline
Pathological 0 (0.0 %) 7 (7.4 %) 1(2.7 %) 2 (6.3 %) 0 (0.0 %) 0 (0.0 %) 1 (5.9 %) 11 (5.4 %)
Vaccination
Yes 0 (0.0 %) 8 (8.4 %) 2 (5.4 %) 4 (12.5 %) 0 (0.0 %) 3 (16.7 %) 2(11.8 %) 19 (9.3 %)
Hot bath
Yes 0 (0.0 %) 0 (0.0 %) 1(2.7 %) 1(3.1%) 0 (0.0 %) 0 (0.0 %) 1 (5.9 %) 3 (1.5 %)
Concomitant infection
Yes 0 (0.0 %) 65 (68.4 %) 28 (75.7 %) 23 (71.9 4 (100.0 %) 12 (66.7 %) 9 (52.9 %) 141 (69.1 %)
%)
Hospitalization
Yes 1(100.0 77 (81.1 %) 33 (89.2 %) 29 (90.6 4 (100.0 %) 15 (83.3 %) 13 (81.3 %) 172 (84.7 %)
%) %)
EEG at baseline
Yes 1 (100.0 86 (90.5 %) 37 (100.0 %) 32(100.0 4 (100.0 %) 18 (100.0 %) 17 (100.0 %) 195 (95.6 %)
%) %)
Normal EEG at baseline
Yes 0 (0.0 %) 63 (73.3 %) 26 (70.3 %) 19 (59.4 3 (75.0 %) 7 (38.9 %) 10 (58.8 %) 128 (65.6 %)
%)
CT/MRI
Yes 1 (100.0 33 (34.7 %) 25 (67.6 %) 21 (65.6 2 (50.0 %) 15 (83.3 %) 13 (76.5 %) 110 (53.9 %)
%) %)
Normal MRI
Yes 1 (100.0 22 (73.3 %) 15 (78.9 %) 15 (78.9 1 (50.0 %) 9 (60.0 %) 9 (69.2 %) 72 (72.7 %)
%) %)
Neuropsychiatric comorbidities at
follow-up
Yes 0 (0.0 %) 8 (8.4 %) 6 (16.2 %) 3(9.4 %) 1 (25.0 %) 9 (50.0 %) 4 (23.5 %) 31 (15.2 %)
Family history of febrile seizures
Yes 0 (0.0 %) 56 (62.9 %) 17 (45.9 %) 19 (61.3 0 (0.0 %) 8 (44.4 %) 12 (70.6 %) 112 (57.1 %)
OA])
Family history of epilepsy
Yes 0 (0.0 %) 13 (14.6 %) 8 (21.6 %) 2 (6.5 %) 2 (66.7 %) 7 (38.9 %) 4 (23.5 %) 36 (18.4 %)
Family history of neuropsychiatric
disorders
Yes 0 (0.0 %) 9 (10.1 %) 6 (16.2 %) 7 (22.6 %) 1(33.3 %) 3 (16.7 %) 1 (5.9 %) 27 (13.8 %)

Table 2 shows the clinical features of patients sorted by final classification categories in which they were included.

Namely for each category we collected the age at first evaluation, gender, family history of epilepsy, neurodevelopmental disorders or FS, any pregnancy compli-
cations. We also recorded the presence, at the first evaluation and at the last follow-up, of neuropsychiatric disorders, any vaccinations received around the time the FS
appeared, the findings of any electroencephalographic evaluation (EEG) and neuroimaging studies.

SFS, simple febrile seizures; CFS>2/24 h, complex febrile seizure recurrence within 24 h; Focal CFS < 10, complex febrile seizure of the focal type lasting <10 min;
FSE, febrile status epilepticus; FS int. > 3/, complex febrile seizure whose seizures were interrupted at 3 min or afterwards; GEFS+, genetic epilepsy with febrile seizures
plus; EEG, electroencephalogram; CT, computed tomography; MRI, magnetic resonance imaging.

Ln (%).

developing epilepsy and GEFS+ (OR:0.5; 95 % CI (0.3-0.9), p = 0.0210)
with respect to the presence of EEG abnormalities. Comparison of the 1st
and 3rd quartiles of age distribution (12 vs. 21 months) showed older
age at first seizure to be a risk factor for a final diagnosis of epilepsy or
GEFS+ (OR:1.4 (95 % CI:1.0-1.9), p = 0.032). One-month increases in
age at first seizure only marginally increased the risk of being classified
with epilepsy or GEFS+ (OR:1.0 (95 % CIL:1.0-1.1); p = 0.0322).

A family history of epilepsy was associated with an increased risk of
final diagnosis of epilepsy or GEFS+ (OR:2.5 (95 % CI:1.1-5.7), p =
0.0313).

5. Multivariate model
The frequency of afebrile seizures is a dominant risk factor that

overshadows the effect of other covariates. Due to its strong influence it
was removed from the model, in order to discuss the effect of the
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remaining covariates.

The longitudinal multivariate model showed that a clinical history
characterized by a greater number of total episodes was associated with
an increased risk of a final diagnosis of epilepsy or GEFS+ (OR:2.3 (95 %
CI:1.6-3.3), p < 0.001), whereas higher frequencies of SFS (OR: 0.6 (95
% CIL:0.41-0.83), p 0.004) and CFS>2/24 h (OR:0.1 (95 %
CI:0.05-0.36), p < 0.001) were associated with a lower risk of devel-
oping epilepsy or GEFS+. Children with more frequent afebrile seizure
episodes were at higher risk of eventually developing epilepsy or GEFS+
(OR:37.6 (95 % CI:6.8-339.0), p < 0.001). Moreover, older age at first
seizure (comparison between 1st and 3rd quartile: 12 vs. 21 months)
was a statistically significant risk factor for a diagnosis of epilepsy or
GEFS+ (OR:1.5 (95 % CI:1.05-1.94), p = 0.001).

The forest plots of ORs (Figs. 1 and 2) show the risk patterns for the
development of epilepsy and GEFS+ according to the univariate and
multivariate models, respectively.
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Fig. 1. Forest plot of univariate ORs.

OR estimates (dots in bold) and confidence intervals (horizontal lines) describe
the association between clinical factors and outcome.

Risk factors are identified by estimates and ClIs falling on the right side.
Factors reducing the likelihood of negative outcome are identified by estimates
and CIs falling on the left side.

Non-statistically significant ORs have CIs that extend on both sides.
Abbreviations: AFS, afebrile seizures; Age, age reported as comparison between
1st and 3rd quartile: 12 vs 21 months; CFS>2/24 h, complex febrile seizure

recurrence within 24 h; EEG, electroencephalogram; SFS, simple
febrile seizures.
Age ot
|
SFS o !
|
CFS 2 2/24h [——L— |
|
Number of episodes =
IIIIIIII 1 IIIIIII 1 Illl
0.03 0.10 0.30 1.00 3.00

Odds Ratio (log scale)

Fig. 2. Forest plot of the Multivariate OR, after removing afebrile seizure as
covariate.

OR estimates (dots in bold) and confidence intervals (horizontal lines) describe
the association between clinical factors and outcome.

Risk factors (i.e. increase of age, N of episodes) are identified by estimates and
CIs falling on the right side.

Factors reducing the likelihood of negative outcome (i.e. SFS, CFS>2/24 h) are
identified by estimates and ClIs falling on the left side.

Abbreviations: Age, age reported as comparison between 1st and 3rd quartile:
12 vs 21 months; SFS, simple febrile seizures; CFS>2/24 h, complex febrile
seizure recurrence within 24 h; Number of episodes, number of convulsive
episodes suffered by patients, any type.
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6. Discussion

Febrile seizures are the most common neurological disorder in chil-
dren aged 6 months to 5 years without central nervous system infections,
metabolic disorders, or a history of epilepsy [2]. Although FS do not
generally cause neurologic deficits, their occurrence is linked to an
increased risk of recurrent FS and may be associated with the develop-
ment of epilepsy [5]; moreover, children with simple FS have a 2.4 %
risk of eventually receiving a diagnosis of epilepsy, which rises to 6-8 %
in those with complex febrile seizures (CFS), and both rates are higher
than in the general population. It is therefore important to clarify the
association between the occurrence of FS and the risk of subsequent
epilepsy or GEFS+ and to define the risk factors [10,11]. In this study, in
which we examined the full clinical histories of a large case series of
children with no previous history of afebrile seizures, referred to pedi-
atric neuropsychiatry units for FS, we characterized associations and
identified risk factors, in some cases confirming the literature evidence
and in others describing previously unreported factors that may predict
progression to epilepsy and GEFS+.

Starting with the children’s clinical features collected at baseline, we
found no evidence that gender predicts a final diagnosis of epilepsy or
GEFS+, in line with literature findings [2,5]. According to the available
literature, which suggests that antenatal complications may be a risk
factor for FS [8], a pathological delivery or postnatal complications were
reported in ~10 % of our cases, with a significantly higher incidence in
children with focal CFS <10'. Our data support the notion that prenatal
and perinatal complications may potentially not only play a role in the
etiology of FS, but also influence their complexity and subsequent
evolution. Considering family risk factors (i.e., family history of FS,
epilepsy or other neuropsychiatric disorders), only epilepsy was found
to be significantly associated with a final diagnosis of epilepsy or
GEFS+: the univariate analysis revealed a two-fold increased risk of
developing epilepsy and GEFS+ in children with a family history of
epilepsy, suggesting that genetic predisposition may have a significant
role, even in the absence of involvement of single known genes. More-
over, genetic predisposition was supported also by the high proportion
of our cases found to have a family history of FS: over 56 % compared
with 25-40 % in the literature [12].

The patients in our case series had a median age of 15 months at
onset of FS; the multivariate statistical analysis found those who were
older at onset (21 vs. 12 months) to have a slightly higher risk of
developing epilepsy and GEFS+ at long-term follow-up (OR=1.1, p =
0.002). This result was supported by available literature reporting an
association between older age (over 3 years) at first FS and subsequent
progression to epilepsy [10]. In line with the literature, our study
confirmed that exposure to vaccines was associated with early onset of
FS (p = 0.0027) [2,4,11,13]. Overall, these results are explained by the
known greater excitability of the immature brain, which is related to
increased susceptibility to FS [14]; on the other hand, it can be hy-
pothesized that later onset of FS, in a more mature brain, might indicate
a clinical evolution other than FS; however, further studies are needed to
define the FS onset age at which a more negative outcome might be
expected.

Our statistical analysis showed that higher frequency of FS was
related to evolution into epilepsy and GEFS+, confirming recent evi-
dence [15]; the multivariate model, after adjusting for seizure type,
provided the first evidence that CFS>2/24 h and the unitary increases in
the number of SFS were associated with a lower risk of progression to
epilepsy or GEFS+. On the other hand, in line with the current ILAE
definition of epilepsy, an afebrile seizure history is inevitably linked to
the diagnosis of epilepsy [16].

Neuropsychiatric comorbidities were found in 15 % of the case se-
ries, mainly in children with higher rates of afebrile seizures. Moreover,
univariate analysis revealed an association between the presence of
neuropsychiatric comorbidities and an increased risk of developing ep-
ilepsy and GEFS+ (OR:3.1); however, this was not confirmed as an
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independent predictive factor. The most robust evidence in patients with
neuropsychiatric comorbidities was that they were more likely to be
prescribed genetic analysis and neuroimaging (in most cases revealing
pathological abnormalities (p < 0.001)), and preventive therapies (p <
0.001). Our findings supported previous evidence that FS per se do not
affect cognition over time [11,17,18]. On the other hand, the higher
incidence of neuropsychiatric comorbidities in our patients diagnosed
with epilepsy seems to support literature evidence of a higher preva-
lence of epilepsy in patients with intellectual disabilities compared with
the general population, with rates ranging from 16.1 % to 30.7 %, and
this prevalence increases with the severity of the intellectual disabilities
[19,20].

The univariate model also suggested an association between normal
baseline EEG findings and 50 % risk reduction of developing epilepsy
and GEFS+. This implies that persistence of EEG abnormalities over time
could serve as a prognostic factor for FS, and offer a potential area for
future studies.

Hospital admissions, recorded in 85 % of the cases, were mainly
associated with seizures occurring after vaccines, and were probably
also due to the younger age of the affected children, the presence of
concomitant infections, and the more frequent EEG evaluations in these
subjects; moreover, focal CFS lasting less than ten minutes and FSE were
the diagnostic categories in which hospital admission was most
frequently required, with rates of 89.1 % and 90.62 %, respectively.
However, hospitalization was also preferred in 81 % of patients with
CFS>2/24 h. Our study, however, reveals that this latter CFS subgroup
has a prognosis not significantly different from that of simple FS, and at
follow-up was found to be the patient group with the lowest rate of
neuropsychiatric comorbidities, 8.42 %; similarly, EEG abnormalities at
onset and follow-up were observed in smaller proportions of patients in
the CFS>2/24 h versus the other diagnostic categories. Furthermore, as
also observed in simple FS, the multivariate predictive model showed
that these patients’ recurrent seizures were not associated with an
increased risk of evolution into epilepsy or GEFS+. The need for more
appropriate and cost-effective management of FS, diversified for specific
CFS subgroups, clearly needs to be addressed through further prospec-
tive studies, also with a view to updating the current FS classification
guidelines in the light of new evidence and with aim of cutting health-
care costs.

Prophylactic therapy was used in 18.61 % of the patients and was
started after an average of 8.44 febrile seizures. Additionally, it was
frequently prescribed in cases assigned a final diagnosis of epilepsy or
GEFS+. Valproic acid (Depakene), one of the therapeutic options sug-
gested in the 2009 LICE guidelines [3], was more frequently prescribed
than intermittent diazepam, which is not commonly used in the Italian
clinical setting, despite being recommended in the 2008 AAP guidelines
and the aforementioned 2009 LICE guidelines [3,21]. Further studies,
assessing and comparing efficacy and tolerability, are needed to deter-
mine which of the two medications should be preferred. Moreover, it
would also be useful to update the existing Italian guidelines, which still
include phenobarbital as a therapeutic option, in the light of available
evidence. As we know, phenobarbital is no longer used in clinical
practice for the management of FS, due to its significant impact on
cognitive development, even in the long term [22].

With the exception of EEG evaluations, which were performed in
95.6 % of patients and influenced the hospitalization rate, imaging and
diagnostic tools generally were found to be preferentially administered
to children with additional risk factors (i.e., neuropsychiatric disorders)
at baseline and those with a higher number of episodes in their clinical
history. This finding constitutes a limitation of this study, and further
epidemiological studies will be necessary to assess the predictive value
of these additional investigations.

Considering our sample size, it was not possible to perform further
analyses to differentiate between the two distinct clinical evolutions
(epilepsy and GEFS+), and thus assess the risk factors for each variable;
further studies, in larger samples, will allow more detailed identification
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of the specific risk factors for each diagnostic category and may poten-
tially highlight new ones.

In conclusion, our study adds to the evidence concerning the risk of
epilepsy or GEFS+ in patients with febrile seizures, and lays the
groundwork for the identification of new prognostic factors: it
confirmed the highest risk in children with increases in their total
number of FS and/or afebrile seizures, as well as those with a later age at
first onset. Moreover, the presence of neuropsychiatric comorbidities
and a positive family history of epilepsy emerged as new risk factors for
negative evolutions of the clinical picture. Our study also identified
novel factors associated with a lower risk of developing epilepsy or
GEFS+, namely CFS>2/24 h, more frequent SFS, and the presence of
initially normal EEG evaluations. Studies of larger case series are needed
to confirm these results and identify further novel risk factors.

Finally, our study highlighted some critical issues regarding the
current diagnostic and therapeutic pathway and the shortcomings of the
current guidelines for patients with febrile seizures.
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