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Abstract
Objectives—In prior studies of febrile seizures (FS), prolonged FS are defined, absent empirical
evidence, as lasting 10 or 15 minutes or more. We assessed the distribution of FS duration in a
cohort with first FS, and the association between FS duration and baseline characteristics of the
children.

Methods—We calculated the observed cumulative probability, S(t), that a FS would last at least t
minutes, S(t) = exp(−t/ τ) . Data were also fit using a model obtained as the sum of two
exponential distributions [S(t) = αexp(−t/τ1)+(1-α)exp(−t/τ2)]. After assessing the best fit, the cut
off defining long FS was determined. Logisitic regression was used to examine associations
between long FS and baseline characteristics, behavior and development.

Results—In 158 children with a first FS, median duration was 4.0 minutes. Duration of FS was
best fit by a two-component mixture exponential model. Using this model we identified one
population that accounts for 82.3% of FS and has a mean duration of 3.8 minutes (short FS) and a
second population that accounts for 17.7% of FS and has a mean duration of 39.8 minutes (long
FS). Long FS were significantly associated with developmental delay (p=0.010) and delays and
younger age at first FS (p=0.048).

Interpretation—Like the distribution of afebrile seizure duration in children, the distribution of
first FS duration is best modeled by assuming two populations. Developmental delay and younger
age are associated with prolonged FS. Our data lend further support to defining 10 minutes as the
upper limit for a simple FS.
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Febrile seizures (FS) are common, affecting 2-5% of children by 6 years of age 1 2 and are
associated with an increased risk of subsequent epilepsy. Epilepsy develops in 2-4% of
children with a history of FS, four times more frequently than in children without and the
risk is as great as 57% in children with focal, prolonged and recurrent FS 3. In prior studies,
prolonged FS have been defined in the absence of empirical evidence as those lasting either
10 minutes or more or as those lasting 15 minutes or more.1 2 4-11 In children with first
afebrile seizures, seizure duration is best fit as the sum of two exponential distributions with
seizures lasting a mean of 3.6 minutes occurring in 76% of children and those lasting a mean
of 31 minutes occurring in 24% of children 12. Similar information does not exist for first
FS.

Using similar methodology to that reported by Shinnar et al in afebrile seizures 12, we
analyzed the distribution of FS duration in a cohort presenting with a first FS. Additionally,
we determined whether the distribution of FS duration differs from what was previously
reported for first afebrile seizures in children, and the association between febrile seizure
duration and baseline characteristics of the children.

Methods
Study Subjects

In this prospective cohort study 13, we identified children, aged 6 months to 5 years, with
first FS by daily screening of the The Morgan Stanley Children’s Hospital of New York-
Presbyterian Pediatric Emergency Department log and by review of pediatric hospital
discharges with an ICD-9 code of 780.3 between March 1999 and April 2004. We defined
FS as seizures occurring among children with a rectal temperature of at least 101°
Fahrenheit (38.3° Celsius), in the absence of a history of unprovoked seizures or concurrent
central nervous system infection as defined in the NIH consensus conference14 . Children
with prior neonatal seizure were included.

Upon identification, we contacted the child’s primary care physician to request permission
for the study team to contact the child’s parents or guardians. After obtaining permission
from the parent, the physician notified the study team and the family was contacted to
explain the study and offer participation.

Measures and procedures—If initial screening confirmed the first FS, we obtained
informed consent and the child received an MRI of the brain within one week of the FS 13.
Within one month, parents were interviewed regarding the child’s medical history,
demographics, family history of FS and epilepsy in first-degree relatives, and child’s
behavior. Adaptive behavior was assessed by the Vineland Scales of Adaptive Behavior 15
for all children and the Child Behavior Checklist 16 was completed for children aged 24
months or older.

At baseline, children received a neurological examination, which was classified as abnormal
if the following findings were identified; hypertonia, hypotonia, or microcephaly. Also at
this time, children received developmental testing, including the Bayley Tests of Infant
Development 17 for all children under age 3 years and the Developmental Indicators for the
Assessment of Learning (DIAL-3) 18 for children aged 3 years and older.

Classification of FSs: Medical records and the detailed parent interview were separately
examined to arrive at a summary classification, incorporating all information.
Disagreements were resolved in consensus discussions. The children described in this
manuscript serve as controls in the FEBSTAT study (Shinnar et al, 2008), a study of the
consequences of febrile status epilepticus. For consistency of FS classification in FEBSTAT,
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first and recurrent FS among FEBSTAT ‘controls’ were reclassified by study epileptologists
(SS, DN, JP) as described above. Features examined included duration, focality (including
Todd’s paralysis) and number of febrile seizures during the febrile illness.

IRB—This study was approved by the IRB at Columbia University. Parents gave written
informed consent.

Statistical Analysis
Using the Kaplan-Meier Method 19, we estimated the cumulative probability, S(t), that a
patient would have a FS lasting at least t minutes.

One Population Assumption—We first assumed that our sample came from a single
population, regardless of FS duration. We fit the data using the exponential distribution:

where τ is the mean FS duration.

Two Population Assumption—Graphing of the observed S(t) against time revealed that
the rate of decline was not constant over time. A model developed by Shinnar and
colleagues 12 to describe the distribution of afebrile seizures among 407 children was used
to describe the two populations, using a two component mixture exponential model.

This model involves the sum of two exponential distributions representing two populations
of patients, the first with a mean seizure duration of τ1 ,which accounts for the proportion, α,
of the cases, and the second with a mean seizure duration of τ2 accounting for the remaining
proportion, (1- α), of cases.

Two Population Assumption: Febrile vs. Afebrile Parameter—We used a one
sample proportion test to determine whether the proportions obtained in our study for the
two population assumption differed from that which was observed previously for children
with a first afebrile seizure 12.

Correlation between First and Second FS Durations—Among patients who had a
second FS, we used the Pearson correlation coefficient to estimate the linear relationship
between the duration of the first and second FS. We tested whether the population
parameter, ρ, was statistically significant at the 0.05 level of significance.

Outcomes Analysis—We examined whether children with long FS differ from those
with short FS with regards to baseline characteristics. Chi-squared or Fisher Exact test was
used to test differences in categorical variables and the T-test for continuous variables;
Wilcoxon Rank Sum Test was used for continuous variables that are not normally
distributed.

Maternal Characteristics: The following factors were compared in children with short and
long FSs: duration of pregnancy, maternal smoking during pregnancy, and household
income (<15K, 15K to 50K, and ≥50K).
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Demographics of children with FS: We examined age at first FS, gender, ethnicity
(Hispanic or Non-Hispanic), and physician diagnosis of developmental delay.

Developmental Milestones: Parents were asked about when their children had reached
developmental milestones if the child was in or older than the normal limits for that
milestone. Parents were not queried for a milestone if the child was too young to have
completed these developmental tasks. Children were considered delayed for a milestone if
they completed the task at an older age than the upper limit of normal. Milestones assessed
included: rolling over (2-5 months), smiling (2-3 months), sitting without support (5-8
months), pulling him/herself to a standing position (6-10 months), standing without support
(11-14 months), taking first steps (12-14 months), beginning to walk without any support
(12-15 months), running fairly well (18-24 months), making the sounds “mama” or “dada”
(6.5-11.5 months), saying single words with meaning (12-14 months), and beginning to
drink from a cup (10-17 months). Children could have a delayed milestone and not have a
diagnosis of developmental delay.

Developmental Testing: Children under 3 years of age were assessed with the Bayley tests
of infant development for cognitive and motor domains. Those older than 3 years were
assessed with the DIAL-3 and cognitive and motor scores were analyzed; language
standardized scores and concepts standardized scores were averaged to produce the
cognitive score. Parents completed the Vineland Adaptive Behaviour Scales, covering
communication, daily living, socialization, and motor skills.

Behavioral assessment: Parents completed the CBCL at baseline and at one year of follow-
up for children age 24 months and older. The CBCL internal, external, and total scores were
analyzed.

All statistical analyses were conducted using SAS 9.120 and graphics created using STATA/
SE 9.0 21.

Results
There were a total of 159 children with a first febrile seizure. However, in one child there
was no consensus on the exact duration, although the seizure was classified as lasting <10
minutes. This child was excluded from the empirical analyses, but included in the outcomes
analysis. Among the 158 children in our sample with complete data on exact seizure
duration, we observed a median FS duration of 4.0 minutes.

One Population Assumption
Assuming that the sample came from one population, the mean FS duration, τ, was
determined to be 10.20 minutes. Therefore, S(t) was calculated as follows (2):

Figure 1 suggests that the one population assumption is not a good fit with a change of slope
at about a FS duration of 10 minutes.

Two Population Assumption
Next we assumed that the sample came from two populations. Using this model the best fit
for the data is represented by:
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This two population model identifies one population that accounts for a proportion α =
82.3% of patients with a mean FS duration of 3.82 minutes, and a second population that
accounts for 17.7% of patients with a mean FS duration of 39.82 minutes. The two
population assumption yields a better fit of the data. The two distributions have some
overlap so that for a given seizure, it is not always possible to say with certainty to which
population it belongs. However, τ1 and τ2 are sufficiently far apart that in most cases it is
clear to which population the seizure belonged. The cut-point between the two distributions
in our data appeared to be at approximately 10 minutes, which also corresponds to a
common lower limit for duration sufficiently prolonged to classify a febrile seizure as
complex.22 In addition, the two population assumption yielded a better fit of the data in the
children without developmental delay. In this group, the two population model identifies one
population that accounts for a proportion α = 84.2% of patients with a mean FS duration of
3.79 minutes, and a second population that accounts for 15.8% of patients with a mean FS
duration of 36.17 minutes.

Two Population Assumption: Febrile vs Afebrile Seizures
Among children with a first FS, 82.3% had short seizures. This was a higher proportion than
the 76% previously reported in children with a first afebrile seizure, although the difference
did not reach statistical significance (p=0.06).

Correlation between First FS Duration and Second FS Duration
Forty eight (30.4%) of the children with first FS had a second FS. To meet the bivariate
normality assumption necessary for the Pearson correlation, both the durations of the first
febrile and second FSs were log-transformed (Fig 2). There was insufficient evidence to
suggest a statistically significant linear relationship between the durations of the first and
second FSs (r=0.12, p=0.40). Additional analysis comparing the risk for recurrent febrile
seizures of long duration in children with long versus short first febrile seizure was
consistent with these findings (RR=1.11; 95% CI=0.46-2.66).

Comparison of Outcomes between children with a short versus a long first FS
Maternal Characteristics—Children with short seizures did not differ from those with
long seizures with respect to duration of pregnancy (p=0.75), maternal smoking during
pregnancy (p=0.13), or household income (p=0.35, Table 1).

Demographics—Children with long FSs had a younger median age at first FS (15 months
(IQR=12.5 – 20) vs 19 months (IQR=15 – 24), p=0.048) and were more likely to have
developmental delay than children with short FSs (14.3% vs 1.6%, p=0.010). However,
there was no difference with respect to gender (p=0.17), or ethnicity (p=0.38, Table 1) for
children with short versus long FSs.

Developmental Milestones—Children with long FSs were more likely to be delayed in
rolling over, sitting without support, pulling him/herself to a standing position, and taking
first steps, compared to children with shorter FSs (Fig 3). A higher proportion of children
with long seizures were delayed in standing without support and walking without support
compared to children with shorter FSs, however, this finding did not reach statistical
significance. There was no difference with respect to other developmental milestones,
including: smiling, running fairly well, making the sounds “mama” or “dada,” saying single
words with meaning, and beginning to drink from a cup (Fig 4).
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Developmental Testing at Baseline—At baseline, children with long FSs had lower
motor scores than those with short FSs (87.5 ± 18.1 vs 93.5 ± 13.7, p=0.1), however this
difference was not statistically significant. Similarly, FS duration was not associated with
cognitive scores (p=0.64) nor with domains of adaptive behavior (communication (p=0.29),
daily living (p=0.52), socialization (p=0.34), and motor skills; p=0.48, Table 1).

Discussion
Similar to analyses of children with a first unprovoked afebrile seizure,12 we found that
seizure duration was best represented by a model that accounts for two populations of
children, one with a short seizure duration and the other with a long one. Interestingly, the
cut point between the two distributions appears to be at about 10 minutes, strengthening the
evidence for making 10 minutes the dividing line for prolonged duration that should be
classified as a complex FS. This definition has been previously used in the absence of
empirical evidence 5-9 11 23 24.

Few studies of seizures evaluate seizure duration. The information used to arrive at a
consensus in this study came from the ED record and from detailed parent interviews about
the seizure episode. While most children experience a brief first febrile seizure followed by
a short post-ictal period that resolves before reaching the ED, other children may have
prolonged post-ictal periods. It is possible that some of these children are still experiencing
non-motor seizures in the ED, and therefore have an even longer febrile seizure than we
were able to assess. Such measurement error in the assessment of febrile seizure duration is
unlikely to have biased our results.

The consequences febrile seizures are strongly influenced by seizure duration. Single brief
febrile seizures are felt to be benign with no clinical consequences, and this is true in animal
models as well.3 22 25-28 In contrast, prolonged febrile seizures are associated with an
increased risk of developing epilepsy.3 4 Indeed, animal data indicate that the duration of
febrile seizures is correlated with the severity and duration of subsequent unprovoked
seizures as well as increased risk of cognitive dysfunction.28 29 Our findings that prolonged
febrile seizures occur in a subgroup of children and appear to be a second population that is
expected to be at increased risk for future epilepsy adds to the understanding that the brain
may be differentially affected by prolonged febrile seizures.

Comparing children with first FS to those with a first unprovoked afebrile seizure,12 there
are both striking similarities and differences. The sum of two exponentials model fits the
data well in both cases, confirming that, in children with a first FS and those with a first
unprovoked seizure, there are two populations, one of which is susceptible to prolonged
seizures. The mean seizure duration in the children with first FS and those with first afebrile
seizures was very similar (Short seizures: 3.87 minutes for first FS and 3.6 minutes for first
unprovoked seizure; Long seizures: 39.33 minutes for first FS and 31 minutes for first
unprovoked seizure). The difference between the FS and afebrile seizure population lies in
the relative proportions of children in the short or long seizures duration groups. Among
children with a first FS, 82.5% belonged to the population with short seizures versus 76% of
those with a first unprovoked seizure, though the differences do not reach statistical
significance (p=0.06).

The two component mixture exponential model applies to all first FS and to all first
unprovoked seizures. However, the long seizure group may itself contain two populations as
suggested by our prior work, examining FS with duration ≥ 30 minutes (febrile status
epilepticus, FSE). In the FEBSTAT study, the distribution of FSE duration was best fit by a
Weibull distribution with a shape parameter of 1.68 30, implying that the longer a seizure
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lasts, the less likely it is to stop on its own. However, there are very few children with FSs
lasting > 60 minutes in a first FS cohort. Such extremely prolonged seizures are associated
with long-term effects in animal data 25 26, and with MRI changes in children 31-33. Taken
together, the data from the Columbia University study and from the FEBSTAT study
suggest that while the two component mixture exponential model for first FS fits seizure
durations up to about 60 minutes, at the tail of the distribution the exponential model
assumption that the probability of a seizure stopping at time t is independent of how long it
has already gone on, no longer holds. However, we were unable to examine this is a single
cohort with febrile seizure. Nonetheless, the model holds for the vast majority of children
with a first FS. Children with FSE represent only about 5% of all children with a first FS and
those with duration >60 minutes are only 1-2% of cases. 2 11 13 34.

We failed to find a correlation between duration of the first FS and duration of the second
FS, whereas a statistically significant correlation was observed between duration of first and
second afebrile seizures in children 12. There are several reasons why the duration of first
and second febrile seizure may be not be correlated. Whereas afebrile seizures are
unprovoked, implying that the process leading to the clinical expression of a seizure and
determining its duration is stable over time, febrile seizures arise from an interaction of the
underlying insult caused by the febrile illness and a given child’s susceptibility. Importantly,
this susceptibility to experience a febrile seizure changes over time since febrile seizures are
an age related phenomenon and the susceptibility may differ at 12 months and 36 months.
Not only may age related differences in febrile seizure susceptibility affect the duration of
recurrences but features of the underlying illness may also contribute. These include
functional interactions between interleukin-1α, γ-Aminobutyric acid and glutamate 35 that
may depend upon the underlying illness provoking fever. Combined the interactions
between mechanisms of fever and age-related susceptibility to seize with fever may reduce
the consistency of febrile seizure duration between first and second febrile seizure. At odds
with this is a prior study of first febrile seizure, which used different methodology to assess
duration, but found that a prolonged first FS was associated with an increased risk of a
second prolonged FS but not with an increased risk of having a second FS 23.

Children with developmental delay were more likely to have prolonged seizures in our first
febrile seizure cohort, but the number of such children in any study of first febrile seizures is
too small to permit further analysis. It is important to note that developmental delay is
associated with prolonged febrile seizures in febrile status epilepticus. For example in their
study of febrile status epilepticus,36 20% of the children had prior developmental delay,
which was a risk factor for subsequent epilepsy and for recurrent febrile status. Thus,
developmental delay appears to be a risk factor for prolonged febrile seizures.

We also observed a greater frequency of delays in reaching developmental milestones at
baseline in children with long versus short FS, a difference restricted to motor milestones,
and confirmed by developmental testing at baseline. Others have observed that children with
prolonged FS are more likely to be neurologically abnormal 23 37 than children with single,
short, non-focal FS. This may explain the increased risk for baseline motor delays we
observed in children with long versus short FS. Their differences are most likely due to
increased susceptibility to prolonged seizures among children with pre-existing neurological
comorbidity who are over represented in studies of prolonged seizures of any etiology.38 39
Other studies of first FS have not conducted baseline developmental testing. Instead they
have reported on cognition at 7 or 10 years of age. A British study assessed cognition at 10
years of age after excluding children with neurodevelopmental abnormality prior to the first
FS 40. In the NCPP, the presence of neurodevelopmental abnormalities prior to the first FS
predicted a lower IQ score at 7 years of age compared to siblings 41, but children without
neurodevelopmental 14 abnormalities were indistinguishable from their siblings at age 7. In
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contrast, new animal data suggest that very prolonged febrile seizures can not only cause
hippocampal injury and subsequent temporal lobe epilepsy but can also cause impaired
learning and memory.29

Conclusion
The distribution of first febrile seizure duration is best modeled by assuming two underlying
populations, a short and a long duration group. These two populations differ in development
and in other factors. FSE may not fit the same duration model. Our data are remarkably
similar to the distribution of seizure duration in children with a first unprovoked seizure. Our
data lend further support to defining 10 minutes as the upper limit for a simple febrile
seizure.
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FIGURE 1.
Semilogarithmic plot of the observed cumulative probability (red dots), estimated
cumulative probability assuming one population (green dashed line), and estimated
cumulative probability assuming two populations (black line) of FS duration > t among
those with an FS duration ≤ 60 minutes.
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FIGURE 2.
Scatter plot of Log Second FS Duration versus Log First FS Duration

Hesdorffer et al. Page 12

Ann Neurol. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 3.
Comparison of the percentage of children with delayed completion of developmental
milestones between children with short seizures and those with long seizures
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TABLE 1

Comparison of children with short seizures and those with long seizures with respect to demographics and
neuropsychological testing

Duration ≤ 10 min. Duration > 10 min. p-value

Maternal Demographics

Duration of pregnancy, weeks1 40 (38 - 40) 40 (37 - 40) 0.75

Smoked during pregnancy2

Yes 11 (8.9%) 5 (18.5%) 0.13

No 112 (91.1%) 22 (81.5%)

Income, $3

< 15K 50 (40.3%) 14 (56.0%) 0.35

15K - 50K 54 (43.6%) 8 (32.0%)

≥ 50K 20 (16.1%) 3 (12.0%)

Patient Demographics

Age at first FS, months 19 (15 - 24) 15 (12.5 - 20) 0.048

Gender

Female 56 (42.8%) 16 (57.1%) 0.17

Male 75 (57.2%) 12 (42.9%)

Ethnicity

Hispanic 112 (85.5%) 22 (78.6%) 0.38

Non-Hispanic 19 (14.5%) 6 (21.4%)

Developmental delay4

Yes 2 (1.6%) 4 (14.3%) 0.010

No 127 (98.4%) 24 (85.7%)

Neuropsychological Testing at Baseline

Vineland standardized scores5

Communications 95.7 ± 12.2 98.4 ± 12.9 0.29

Daily Living 99.1 ± 12.8 100.9 ± 16.4 0.52

Socialization 99.4 ± 12.7 101.9 ± 11.5 0.34

Motor Skills 100.8 ± 13.1 98.8 ± 15.6 0.48

Bayley combined with DIAL-36

Cognitive 89.6 ± 13.8 91.0 ± 17.2 0.64

Motor 93.5 ± 13.7 87.5 ± 18.1 0.11

Data are mean ± std. dev., median (IQR), or frequency (%). Tests of means were conducted using the T-test. Tests of medians were conducted
using the Wilcoxon Rank Sum Test. Tests of proportions were conducted using the Chi-squared Test or Fisher’s Exact Test.

1
Missing information for 5 (3.8%) children with short seizures.

2
Missing information for 8 (6.1%) children with short seizures and 1 (3.6%) with a long seizure.

3
Missing information for 7 (5.3%) children with short seizures and 3 (10.7%) with long seizures.

4
Missing information for 2 (1.5%) children with short seizures.
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5
Missing information for 3 (2.3%) children with short seizures.

6
Missing information for 12 (9.2%) children with short seizures and 4 (4.3%) with long seizures.
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