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Temperature, Age, and Recurrence

of Febrile Seizure

Margriet van Stuijvenberg, MD; Ewout W. Steyerberg, PhD;
Gerarda Derksen-Lubsen, MD, PhD; Henriétte A. Moll, MD, PhD

Objective: Prediction of a recurrent febrile seizure dur-
ing subsequent episodes of fever.

Design: Study of the data of the temperatures, seizure
recurrences, and baseline patient characteristics that were
collected at a randomized placebo controlled trial of ibu-
profen syrup to prevent febrile seizure recurrences.

Setting: Two pediatric hospitals in the Netherlands.

Patients: A total of 230 children with an increased risk
of febrile seizure recurrence.

Main Outcome Measure: Seizure recurrence during
a subsequent fever episode.

Results: A total of 509 episodes of fever were regis-
tered with 67 recurrences; 35 (52%) recurrences within
the first 2 hours after fever of onset had a lower median
temperature (39.3°C) than 32 (48%) after more than 2
hours of fever (40.0°C, P<<.001). Poisson regression analy-
sis resulted in 3 univariably significant (P<<.05) predic-

tors of a recurrence of seizure during a subsequent epi-
sode of fever. In a multivariable model, they were corrected
for their correlation: interval between the last previous
seizure and fever of onset less than 6 months (relative
risk = 1.3 [95% confidence interval: 0.8-2.4]), age at fe-
ver of onset (relative risk=0.7 [95% confidence inter-
val: 0.5-1.0] per year increase) and temperature at fever
of onset (relative risk = 1.7 [95% confidence interval: 1.1-
2.8] per degree Celsius increase).

Conclusions: Half of the recurrent seizures occur in the
first 2 hours after fever of onset of a subsequent fever epi-
sode. If seizure recurs at a later time, the temperature at
seizure is higher compared with recurrences occurring
in the first 2 hours of fever. Young age at fever of onset,
high temperature at fever of onset, and high tempera-
ture during the episode of fever are associated with an
increased risk of a recurrent febrile seizure at the mo-
ment that a child with a history of febrile seizures has
fever again.

Arch Pediatr Adolesc Med. 1998;152:1170-1175

Editor’s Note: This study adds considerable data to the current
relative paucity of data on what predicts multiple febrile seizures
within a given febrile illness. Get that temperature down immedi-
ately after the first seizure, especially in younger children.

Catherine D. DeAngelis, MD

ever, it is also of practical interest to pre-
dict recurrence of a febrile seizure during
subsequent episodes of fever. To our
knowledge, this has never been investi-
gated. An episode of fever is, in fact, the
only time that the child is at risk to suffer
from a recurrent febrile seizure.’ The

body temperature during an episode of
fever has been reported to play a role in
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URING THE last decade,
several risk factors for
recurrence of seizure
in children affected by
febrile seizures have
been defined. These include young age at
onset, family history of febrile seizures,
previous recurrent febrile seizures, a less
than 6-month time lapse since previous
seizure, a low temperature (<40.0°C) at
the initial febrile seizure, and a multiple-
type initial febrile seizure.!® Further-
more, frequent episodes of fever have
shown to be associated with an increased
risk of recurrent febrile seizures.”® How-

the development of a febrile seizure.'*!!
Further, the risk of recurrence of seizure
decreases with age.*® In this study, we
aim to clarify the effects of these and
other previously reported risk factors for
recurrence of seizure. Therefore, we have
examined the temperatures during fever
and the baseline patient characteristics of
230 children with febrile seizures who
participated in a randomized double
blind placebo controlled trial of ibupro-
fen syrup to prevent recurrences of
febrile seizure.!> We report the analysis of
factors that predict recurrence of a sei-
zure during subsequent episodes of fever.
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PATIENTS AND METHODS

PATIENTS

We used the prospectively collected data of 230 patients
who participated in a randomized controlled trial of ibu-
profen syrup to prevent recurrent febrile seizures. To be
eligible for the study, children had to be between 1 and 4
years of age and had to have an increased risk of recur-
rence of febrile seizure as defined by the presence of one
or more of the following characteristics: first-degree fam-
ily history of febrile seizures, temperature below 40.0°C at
the initial seizure, multiple-type initial febrile seizure, and
previous recurrent febrile seizures."*>¢ Children cur-
rently using antiepileptic drugs, including intermittent di-
azepam, were excluded. Children were assigned to either
ibuprofen 20 mg/mL, 0.25 mL per kilogram of body weight
per dose to be administered every 6 hours at the time of
fever (n=111), or placebo (n=119)." A febrile seizure was
defined according to the National Institutes of Health con-
sensus statement.’ The study protocol was approved by the
relevant institutional review boards, and the parents of all
participants had given written informed consent.

We used the data of all patients who experienced one
or more episodes of fever during follow-up, as reported by
the parents. Data of children who had not yet reached the
temperature of fever according to our definition (>38.4°C)
but who were recognized by the parents as feverish and had
a temperature of 38.1°C or higher were included in the
analysis. Furthermore, although treatment with ibupro-
fen influences the course of the temperature, we included
the patients who either had been allocated to the placebo
group or to the ibuprofen group, since the trial showed that
ibuprofen syrup in this dose was not effective in the pre-
vention of recurrent febrile seizures."

PROCEDURES

According to the protocol, the parents were instructed to
take the rectal temperature immediately when their child
seemed ill or feverish and to start administering the study
medication if the temperature exceeded 38.4°C. In the pres-
ent study this moment has been defined as fever of onset.
All temperatures were rectally measured (Philips HP5316
thermometer, Philips Eindhoven, the Netherlands). They
were instructed not to administer any other antipyretic drug,
to continue with administering the study medication, to
measure the temperature every 6 hours until the child was
afebrile for 24 hours, and to measure the temperature at
the recurrence of seizure. If a child had a first recurrence
of febrile seizure after study enrollment, the study was
stopped for that child and any subsequent episodes of fe-
ver were not taken into account. At the first day of fever of
onset and after a recurrent febrile seizure, the child was
physically examined. Laboratory tests were not per-
formed and no antibiotic treatment started unless indi-
cated by the clinical condition of the child.

STATISTICAL ANALYSIS

The outcome was a recurrence of febrile seizure during a
subsequent fever episode.The analysis only included data
from patients having at least 1 episode of fever. Therefore,
with logistic regression, we ascertained first if there was
any difference in the distribution of baseline patient char-
acteristics between the group of children with and those
without at least 1 episode of fever during follow-up.”®

Temperatures are given in median values, with their 25th
and 75th percentiles in parentheses. We used unpaired and
paired nonparametric tests to analyze differences in tempera-
ture at fever of onset and at recurrence of seizure.

For the analysis of recurrence of seizure during sub-
sequent episodes of fever, we used 3 types of data. First,
we analyzed the baseline characteristics known at study en-
rollment, including sex, age, and the presence of the known
risk factors for recurrence of seizure as demonstrated by
previous studies."*>® Second, we considered patient char-
acteristics that were unique for each episode of fever such
as age at fever of onset, the interval between the last pre-
vious seizure fever of onset, and the temperature at fever
of onset.Third, the data of the temperatures that were mea-
sured every 6 hours during the febrile condition were used.
This analysis considered seizure recurrence in each 6-
hour period of fever, using the most up-to-date tempera-
ture data available.

We used Poisson regression analysis to assess the risk
of recurrence of seizure.” For the first and second type of
data, the unit of analysis was a febrile episode. For the third
type of data, the unit of analysis was a 6-hour period of fe-
ver (a stratum). Follow-up time from fever of onset through
24 hours was divided into 4 strata of 6 hours of fever each.
The strata included the patient characteristics (such as age,
sex, and temperature), the outcome (ie, the first recur-
rence of febrile seizure for each child after enrollment into
the study), and the number of patients at risk (ie, the num-
ber of patients still febrile). If patients had a duration of
fever of more than 24 hours, we constructed a fifth period
that included the remaining hours of fever. We also ana-
lyzed recurrence of seizure in a 6-hour period of fever.

We consider the Poisson model suitable because we
are studying a relatively rare event (ie, first recurrence of
febrile seizure) in an interval that has a different duration
for each individual and that consists of one or more sepa-
rate periods (ie, subsequent episodes of fever). Univari-
able and multivariable Poisson regression analysis related
patient characteristics to recurrence of seizure. Associa-
tions were expressed as rate ratios, which we interpreted
as relative risks."® The level of statistical significance was
set at .05. Calculations were performed with SPSS and
EGRET software programs.'*"

We report the results of the analyses using data of all
randomized patients. However, we repeated the analyses
using only the data of the patients randomized to placebo
to assess whether the patients randomized to ibuprofen bi-
ased the results in any way.

— T

Table 1 gives the patient characteristics at study enroll-
ment of all 230 children. There were no clear differences
in patient characteristics in the 182 (79%) children with

at least 1 episode of fever compared with the 48 (21%) chil-
dren without a an episode of fever during follow-up.
The parents reported 555 episodes of fever. Forty-
six (8%) of the episodes of fever were excluded from the
analysis because the parents had not registered any of the
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Table 1. Baseline Patient Characteristics of the Study Population at Study Enrollment (n = 230)*
=1 Episode of Fever No Episodes of Fever
During Follow-up During Follow-up Odds Ratio

Characteristics (n = 182 [79%]) (n = 48 [21%)]) (95% Confidence Interval) P
Female sex (n = 90 [39%]) 71 (39) 19 (40) 1.0 (0.5-1.9) .94
Age at initial seizure in years, 1.4 (1.1-1.9)1 1.4(1.0-1.9) 1.6 (1.2-2.2) 0.7 (0.5-1.1) A7
First-degree family history of febrile seizures (n = 59 [26%]) 44 (24) 16 (33) 0.6 (0.3-1.2) A7
Initial seizure characteristics

Temperature, <40.0°C (n = 121 [53%])} 93 (51) 28 (58) 0.7 (0.4-1.4) 37

Multiple type (n = 87 [38%]) 74 (41 13 (27) 1.8 (0.9-3.7) .09
Recurrences before study enrollment§

0 (n =146 [64%]) 111 (61) 35 (73) Reference category e

1 (n=61[27%]) 53 (29) 8(17) 0.8 (0.5-1.2) 24

=2 (n=23[10%]) 18 (10) 5(10) 1.6 (0.9-2.9) 15
Risk factors for recurrence of seizure||

1 or 2 risk factors (n = 209 [91%]) 163 (90) 46 (96) Reference category e

3 or 4 risk factors (n = 21 [9%]) 19 (10) 2 (4) 2.7 (0.6-11.9) .20
Age, in years, at study enrollment, 1.9 (1.4-2.5)1 1.9 (1.4-2.4) 1.9 (1.4-2.8) 0.8 (0.5-1.2) 31
Follow-up, in years, 0.8 (0.4-1.4)t 0.8 (0.3-1.5) 0.7 (0.5-1.3) 1.1 (0.7-1.8) .76

*Unless otherwise indicated, values are given as number (percentage). Ellipses indicate that there is no P for a reference category.

tValues given as median (25th-75th percentiles).

tTemperature measured at time closest to the time of seizure (documented in the emergency department or in the patient history).

8§/nitial seizure not counted as recurrence.

|| As described in the “Patients” subsection of the “Patients and Methods” section.

temperature data during follow-up. No recurrences oc-
curred in these excluded episodes of fever. We further
analyzed the 509 episodes of fever, in which 67 (13%)
recurrences occurred. Thirty-five (52%) recurrences oc-
curred within the first 2 hours after fever of onset com-
pared with 32 (48%) occurring after more than 2 hours
of fever. The risk of a recurrence was 7% (35/509) in the
first 2 hours after fever of onset and 7% (32/474) after
more than 2 hours of fever.

We analyzed the relationship between the tempera-
ture and the first recurrence of febrile seizure using all
temperature measurements in the 509 episodes of fever.
The temperature at recurrence of seizure was variably and
relatively low (39.3°C [25th-75th percentiles, 39.0°C-
39.8°C]) in recurrences occurring in the first 2 hours com-
pared with recurrences occurring after more than 2 hours
of fever (40.0°C [25th-75th percentiles, 39.6°C-
40.4°C]), P<.001, Mann-Whitney U test).

In addition, we analyzed all temperatures mea-
sured in the episodes of fever in which a recurrence of
seizure occurred at 2 hours or more after fever of onset
(n=23 with complete temperature data). In those epi-
sodes of fever, the temperature at recurrence of seizure
(39.6°C [25th-75th percentiles, 39.1°C-40.1°C]) was
higher compared with the temperature at fever of onset
(39.3°C [25th-75th percentiles, 38.8°C-39.7°C], P<.01,
paired Wilcoxon test).

Table 2 gives the results of the Poisson regression
analysis of recurrence of seizure per episode of fever. Three
univariably significant predictors were interval between
the last previous seizure and fever of onset, age at fever
of onset, and temperature at fever of onset. Age and tem-
perature at fever of onset had similar effects (relative
risk =0.7) after adjustment for the correlation between
these 3 characteristics; age at fever of onset lost its sta-
tistical significance (P=.06). The analysis was repeated
using only the data of the episode of fever of the

children randomized to placebo and showed similar
results.

The Figure shows the relationship between age and
temperature at fever of onset vs the risk of recurrence of
a febrile seizure in the corresponding episode of fever.
The figure illustrates that the risk of a recurrence in-
creases with temperature at fever of onset and decreases
with age. The lines indicate 4 arbitrarily chosen recur-
rence risks: 5%, 10%, 20%, and 30%. For example, if the
temperature at fever of onset is 40.0°C, a child aged 1
year has a 30% recurrence risk in the corresponding epi-
sode of fever. This risk is between 5% and 10% for a 4-
year-old child.

Table 3 gives the results of the Poisson regression
of recurrence of seizure per 6-hour period of fever. The
associations were similar to the associations in the model
predicting recurrence of seizure per episode of fever (Table
2). In a multivariable analysis, we included the 3 char-
acteristics that were univariably significant in all analy-
ses. If we included the temperature at onset of each 6-
hour period of fever, instead of the temperature at fever
of onset, the multivariable relative risk was higher (2.9
vs 2.0) and the P value smaller (P<<.001 vs P=.01). The
analysis using only the data of the children randomized
to placebo gave similar results (relative risk=2.5 [95%
confidence interval: 1.7-3.9], P<<.0001, for the tempera-
ture at onset of each 6-hour period of fever).

— T

The present study shows that half of the recurrences of
febrile seizure during a subsequent episode of fever oc-
cur within the first 2 hours of fever. Accordingly, other
studies on febrile seizure show that a substantial part of
the seizure recurrences occurs early in the episode of fe-
ver and that recurrences of febrile seizure are often the
presenting symptom of a feverish illness.'*'® However,
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Table 2. Patient Characteristics and Febrile Seizure Recurrence per Fever Episode (n = 509)*
Univariable Analysis Multivariable Analysis
Relative Risk I Relative Risk I
Characteristics (95% Confidence Interval) P (95% Confidence Interval) P
Patient characteristics known at study enrollment
Female sex 1.5 (0.9-2.5) .09
First-degree family history of febrile seizures 0.8 (0.4-1.4) 42
Initial seizure characteristics
Temperature <40.0°C 1.1(0.7-1.8) .65
Multiple type 1.6 (1.0-2.5) .06
=1 Recurrences before study enrollment 0.9 (0.6-1.5) .76
No. of risk factors for recurrence of seizure 1.2 (0.9-1.7) .28
Characteristics unique for each episode of fever
Interval, yt
>0.5 Reference category ... Reference category .
=05 1.8 (1.1-2.9) .02 1.3 (0.8-2.4) .32
Age, in years, at fever of onset 0.7 (0.5-0.9) .01 0.7 (0.5-1.0) .06
Temperature at fever of onset, °C 1.7 (1.1-2.8) .02 1.7 (1.1-2.8) .02

*Ellipses indicate variables were not included in the multivariable model.
tTime between last previous seizure and fever of onset in years.

previous studies have not demonstrated that the tem-
perature at recurrence of seizure in the first 2 hours af-
ter fever of onset is clearly lower compared with the tem-
perature at recurrences of more than 2 hours after fever
of onset. These findings suggest a seizure-provoking ef-
fect of either the temperature increase, or the high tem-
perature level that has been reached. Furthermore, it might
be that febrile seizures occurring after a short duration
of fever are occurring in a different (more vulnerable)
type of patient than seizures occurring later on. Fol-
low-up studies may give insight into the consistency of
this pattern in the individual patient. At least initial fe-
brile seizures occurring after a short duration of fever are
associated with an increased risk of recurrence.*

Age plays an important role in the susceptibility of
febrile seizures; the risk of recurrence of seizure declines
with growing older.'*®!%2 If there is an individual tem-
perature threshold level above which a febrile seizure will
develop, this threshold is influenced by age: as the child
grows older, the higher the threshold, the lower the risk.
The results of our study are in accordance with these hy-
potheses and findings: age showed to be associated with
arecurrence of seizure, although in the multivariable model
the level of statistical significance was not reached (P = .06);
independent of either being longer at risk, or getting higher
temperatures during fever, young age is associated with
an increased risk of recurrence.

The other predictor of recurrent febrile seizures is
the temperature: per degree Celsius increase in tempera-
ture at fever of onset, the risk of a febrile seizure in-
creases with a factor of 1.7 and per degree Celsius in-
crease in temperature measured every 6 hours, the risk
is increased 2.9 times. To address any difficulty regard-
ing the interpretation of these findings with respect to
the inclusion of children who had been using antipy-
retic treatment during their episodes of fever, we re-
peated the Poisson analyses using only the data of chil-
dren randomized to placebo. No differences were found.
Clinical studies in children with febrile seizures have
shown that a relatively low temperature (<40.0°C) at the
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40.54 5%
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30 35 40 45 50 55 60
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25

Relationship between temperature at fever of onset, age at fever of onset,
and the risk of recurrence of a febrile seizure per episode of fever.

initial seizure is associated with an increased risk of re-
current febrile seizures.®!° Accordingly, in a matched case-
control study, risk factors for developing an initial fe-
brile seizure have been investigated; the height of the
temperature as a characteristic of the acute illness was
noted to be an independent risk factor.?! These studies
suggest that a febrile seizure temperature threshold ex-
ists and that a higher risk of febrile seizures is related to
alower threshold level. The results of our study support
this hypothesis.

In our data set, multiple-type initial febrile sei-
zures was the only baseline characteristic and known risk
factor that predicted a recurrence of febrile seizure at the
time the child has fever (Table 3). In contrast with this
finding, other studies concerning risk factors for recur-
rence show that multiple-type initial febrile seizuresis a
relatively weak factor compared with a positive first-
degree family history of febrile seizures, a low (<40.0°C)
temperature at the initial seizure, one or more previous
recurrences, and time lapse since previous seizure not
exceeding 6 months.>*%® The absence of association be-
tween the known risk factors and recurrence of seizure
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Table 3. Patient Characteristics and Febrile Seizure Recurrence per 6-Hour Time Interval of Fever (n = 1931)*
Univariable Analysis Multivariable Analysist Multivariable Analysis}
Relative Risk Relative Risk Relative Risk I
Characteristics (95% Confidence Interval) P  (95% Confidence Interval) P (95% Confidence Interval) P
Patient characteristics known at
study enrollment
Female sex 1.5(0.1-1.5) 10
First-degree family history of
febrile seizures 0.8 (0.5-1.5) .54
Initial seizure characteristics
Temperature, <40.0°C 1.1 (0.7-1.8) .69
Multiple type 1.7 (1.1-2.8) .02
=1 Recurrences before study entroliment 0.9 (0.5-1.5) .64
No. of risk factors for recurrence of seizure 1.3 (0.9-1.7) A7
Characteristics unique for each episode of fever
Interval, y§
>0.5 Reference category Reference category Reference category
=05 1.9 (1.1-3.1) .01 1.4 (0.8-2.5) .28 1.9 (1.0-3.5) .04
Age, in years, at fever of onset 0.7 (0.5-0.9) .01 0.7 (0.5-1.0) .05 0.8 (0.5-1.1) 19
Temperature, in °C, at fever of onset 2.0 (1.2-3.2) .01 2.0(1.2-3.2) .01 ..
Characteristics unique for each 6-h time
interval of fever
Temperature, in °C, at onset of each 6 h 2.8 (2.0-3.9) <.001 2.9 (2.1-4.0) <.001

*Ellipses indicate variables were not included in the multivariable model.

tVariables included in the multivariable model: time interval, age, and temperature at fever of onset.
tVariables included in the multivariable model: time interval, age at fever of onset and temperature at onset of each 6-h interval of fever.

§Time between last previous seizure and fever of onset in years.

in the present study should not be interpreted as lack of
importance of these risk factors. Only children with an
increased risk of recurrences of febrile seizure have been
included. Selection based on high-risk criteria reduces
the power of the study to identify these criteria as high-
risk factors. Also, if children with a lower risk of recur-
rence had been included, the relative risks might have
been different and the known risk factors might have been
found associated with recurrence of seizure. Further, we
have studied recurrent seizures in a different ways, ie, the
prediction of recurrences specifically at the time the child
has fever, which might explain the different results.

One might argue that we found the temperature the
most important predictor of recurrence of febrile sei-
zure because some temperature data were missing; high
temperatures might have been measured more fre-
quently than low ones. However, it is not likely that this
mechanism has caused a bias in our analysis because it
is unlikely that measuring the temperature is related to
the occurrence of a recurrence of seizure. However, the
main limitation of our study is that the data cannot be
used to analyze the influence of the rapidity of tempera-
ture increase on the risk of recurrence of seizure. For the
convenience of the participants in the study, the tem-
perature measurements during fever were scheduled ev-
ery 6 hours, which was simultaneous with the adminis-
tration of the study medication, without measurements
in between. If continuous data had been available, we
might have clarified whether the temperature itself, the
rapidity of increase, or both, are the main eliciting fac-
tors of febrile seizure.

This study was performed mainly to contribute to
the scientific insight regarding fever and febrile sei-

zures. The findings may also have practical implications
for the information provided to parents of children af-
fected by febrile seizures. It might be reassuring infor-
mation for parents to hear that half of the recurrences of
febrile seizure occur within the first 2 hours of fever. Thus,
after 2 hours of fever, the risk of a recurrent seizure is
substantially lower. As the child grows older, the recur-
rence risk is lessened, even when suffering from fever.
The high temperature at fever of onset and during the
course of the episode of fever is a more difficult thing to
discuss. Prevention of fever rising high may only be
reached by the undressing and uncovering of the child.
The number of episodes of fever might be reduced by
eliminating sources of infection. Antipyretic treatment
has not been shown to be effective in preventing recur-
rences of febrile seizure.'>?**** The underlying cause of
the fever may play a role in the ineffectiveness of anti-
pyretics to prevent recurrence of seizure. The cause of
the fever either may give rise to a resistance to fever-
reducing treatment or may have an inherent provoking
effect on a recurrence of febrile seizure.

B CONCLUSIONS

We conclude that approximately half of the recurrent sei-
zures occur in the first 2 hours after fever of onset. If the
recurrent seizure occurs at a later moment, the tempera-
ture at seizure will be higher compared with occurrence
of the seizure in the first 2 hours of fever. Furthermore,
the risk of a recurrence of febrile seizure, at the moment
that a child with a history of febrile seizures has fever again,
decreases with age and increases with temperature at
fever of onset and temperature during fever.
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