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Abstract
Objective—Treatment of seizures varies by region with no standard emergency treatment
protocol. Febrile status epilepticus (FSE) is often a child’s first seizure; therefore, families are
rarely educated about emergency treatment.

Methods—From 2002 to 2010, 199 subjects, age 1 month to 6 years, were recruited as part of a
prospective, multicenter study of consequences of FSE. FSE was defined as a febrile seizure or
series of seizures lasting >30 minutes. The patients’ charts were reviewed. No standardized
treatment protocol was implemented for this observational study.

Results—179 received at least one antiepileptic drug (AED) to terminate FSE and more than one
AED was required in 140 patients (70%). Median time from the seizure onset to first AED by
EMS or ED was 30 minutes. Mean seizure duration was 81 minutes for subjects given medication
prior to ED and 95 minutes for those who did not (p=0.1). Median time from the first dose of AED
to end of seizure was 38 minutes. Initial dose of lorazepam or diazepam was suboptimal in 32 of
166 patients (19%). Ninety-five (48%) subjects received respiratory support by EMS or ED.
Median seizure duration for respiratory support group was 83 minutes; for non-respiratory support
group was 58 minutes (p-value < 0.001). Reducing the time from seizure onset to AED initiation
was significantly related to shorter seizure duration.
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Significance—FSE rarely stops spontaneously, is fairly resistant to medications and even with
treatment persists for a significant period of time. The total seizure duration is composed of two
separate factors; the time from seizure onset to AED initiation, and the time from first AED to
seizure termination. Earlier onset of treatment results in shorter total seizure duration. A standard
pre-hospital treatment protocol should be used nationwide and education of EMS responders is
necessary.
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INTRODUCTION
Status epilepticus (SE) is the most common neurological life threatening emergency in
childhood.1,2 Seizures account for about 1% of ED visits and about 3% of pre-hospital
transports.3 Up to 10% of children with febrile seizures develop febrile status epilepticus
(FSE) which accounts for 25% of all childhood SE and over two thirds of SE in the second
year of life.4–9 Previous studies have not evaluated treatment of prolonged febrile seizures in
the community. FEBSTAT did not have an established treatment protocol, but it allowed
evaluation of the different treatment paradigms of multiple US regions. There is no
standardized treatment protocol for prolonged seizures that all emergency medical services
follow. Prolonged seizures of any type are associated with an increased risk of
complications, and the time from seizure onset to treatment is critical.10 Longer seizure
duration increases potential risk of short and long term morbidity. Indeed prior studies have
shown that early treatment of SE by EMS leads to improved outcomes.10–12

The FEBSTAT study is a prospective study of the consequences of FSE.13,14 Subjects were
recruited after the episode of FSE so EMS and ED management were done at the discretion
of the local clinicians, and varied. We report the acute management of the 199 children who
were enrolled in FEBSTAT. The relationship between treatment delay, total seizure duration
and associated morbidity are analyzed in this observational study.

METHODS
The FEBSTAT study enrolled 199 subjects age four months to six years of age who
presented with FSE between May of 2003 and March 2010 at five centers. The detailed
methodologies of the study as well as the inclusion and exclusion criteria have been
previously published.13,14 A febrile seizure was defined in accordance with the ILAE
criteria as a seizure occurring in the context of a fever (temperature >38.4°C, 101.0°F) in a
child with no prior history of afebrile seizures and no other acute neurological insult
(meningitis, trauma or severe electrolyte imbalance).15 SE was defined as seizure lasting ≥
30 minutes or a series of seizures without full recovery in between lasting ≥ 30 minutes.16,17

The five sites in FEBSTAT are Montefiore and Jacobi Medical Centers in the Bronx,
Virginia Commonwealth University Hospital in Richmond, Lurie Children’s Hospital in
Chicago, Duke University Medical Center and Eastern Virginia Medical School in Norfolk.
The International Epilepsy Consortium at Virginia Commonwealth University is the Data
Coordinating Center and the Epidemiology/Biostatistics Core is based at Columbia
University.

Seizure duration and semiology were classified by clinical features in accordance with the
International League Against Epilepsy (ILAE) seizure classification.18 Three clinicians
(JMP, DRN, SS) reviewed the medical record, which consisted of the ED records and the
ambulance call sheets, if available, the structured interview, and the comments from the
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local study team. They determined seizure duration, focality and other features, and then
reached consensus with excellent interrater reliability as previously described.13,14

For this report, we reviewed information on the pre-hospital and ED management of the
children, including the medications administered, EMS management, seizure recognition
and response, respiratory support (includes bag-valve mask, positive pressure ventilation
and intubation), laboratory data, imaging, length of hospitalization, duration of AED
treatment and disposition. The seizure times and duration used were from the consensus
reading by the central phenomenology core.

Antiepileptic drugs (AEDs)
AEDs reported to be administered were lorazepam, diazepam, fosphenytoin, phenytoin,
phenobarbital, midazolam, levetiracetam and propofol. Other medication that were given but
were excluded from this review were vecuronium, fentanyl, succinylcholine, ketamine,
etomidate and rocuronium, as these medications were used for rapid sequence intubation and
not for seizure termination.

The earliest dose of AED was defined as the time of the first AED after seizure initiation.
When the exact time of the first dose was not documented a mid-range was estimated based
on available information. This was common for EMS drug administration times and, in this
case, the beginning of the range was the time EMS arrived at the child’s home and the end
of the range as the time that the seizure terminated before ED arrival or the time of ED
arrival.

AEDs given first in the ED were not assigned a range of administration time, except when
the documentation indicated that an AED was given between two doses of medication for
which the times were documented.

Dosing of diazepam and lorazepam
Appropriate dosing of diazepam was considered to be > 0.3 mg/kg when rectally
administered and > 0.1 mg/kg for IV, IO or IM administration.19 The appropriate dose of
lorazepam was considered to be > 0.05 mg/kg for IV, IO or IM administration.20 Only
children with complete information about the dose were included in this part of the analysis.

Seizure recognition
Seizures were considered recognized by EMS if documentation of the active seizure was
present in the EMS record. Similarly, seizure recognition was considered present if active
seizures were recorded in the ED record.

Statistical Analysis
The statistical analyses were conducted with SAS v.9.2. Frequencies and medians were used
to describe the data. All 199 children had valid seizure duration data. They were all included
in the analysis of comparison the median seizure duration among different groups. Seizure
durations for children who received an AED prior to ED arrival and those who did not were
not normally distributed. Therefore, the Wilcoxon rank-sum was used to test for the
medians.

Since the seizure duration was not normally distributed, the log transformed linear
regression were conducted when analyze the relationship between seizure duration and time
from seizure onset to the first AED. In order to find out the relationship between the seizure
duration after the first AED and the time from seizure onset to the first AED, both methods,
non-parametric regression and log transformed linear regression were performed.
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RESULTS
FEBSTAT enrolled 199 children. Of these, 179 (90%) received at least one AED
administered by the family, EMS or the ED to terminate FSE. The number of AEDs given
by the family, EMS and ED per subject ranged from 0 to 5 medications with a median of 2
in those who required medication. FSE stopped spontaneously without need for AED
administration in only 20 children (10%). Of the 179 children who received medications,
140 (78%) required more than one AED before the FSE stopped.

Administration of AEDs
The first AED was given by the family in two cases (1%), EMS in 73 cases (41%) and in the
ED in 104 cases (58%). There were 58 children (32%) who were given medication both by
EMS and the ED, and 41 children (23%) were treated with multiple doses of
benzodiazepines in the ED in addition to EMS doses. Two families administered rectal
diazepam prior to EMS arrival, and these were given to children with a prior history of
febrile seizures, but not FSE. The only medication administered by families was rectal
diazepam, which terminated FSE for both children. The only medications given by EMS
were diazepam, lorazepam and midazolam. The treatment of children by EMS varied by
region (Table 1).

Among children given an AED prior to ED arrival the median seizure duration was 68
minutes, interquartile range (IQR) 45. The median was 72 minutes (IQR 70) for children
who received their first dose of medication after arrival to the ED (p = 0.1).

Activation of EMS
Of the 199 children, 46 (23%) did not activate EMS. Six of these children (3%) were in the
ED when the seizure began, having presented with fever or complaints related to illness, and
40 (97%) were brought in by family. Of the 153 children transported by EMS, 148 children
(97%) continued to have seizures at the time of EMS arrival.

Seizure recognition (Figure 1)
Of the 148 children who were actively seizing on EMS arrival, EMS did not recognize
seizures in 18 children on arrival (12%). In this group active seizures on EMS arrival were
recognized by the parents, but EMS documented that the event was not a seizure or that the
child was post-ictal. At the time of EMS arrival to the home, seizures were recognized in 97
children (63%). EMS recognized clinical seizures during transport in 84 children (57%), but
not 31 (20%). Thirty-three children (22%) were missing EMS forms.

Recognition of active seizures by the ED staff was superior to EMS. Including children for
whom EMS was not activated, 169 children (85%) were still having a seizure on arrival to
the ED. ED providers recognized seizures on arrival in 167 children (99%). The two that
were not recognized were documented to be post-ictal with a description of active seizure in
the records.

Respiratory Support (Table 3)
Ninety-five children (48%) were given respiratory support, defined as bag-valve mask,
positive pressure ventilation or intubation. Patients that only received supplementary oxygen
via blow-by, nasal cannula and face-mask were excluded from this group because it was
unclear if the administration of oxygen was based on protocol or necessity. Of the 95
subjects that received respiratory support, four (4%) were given support by EMS only, 77
(81%) received support only in the ED and 14 (15%) received support by both EMS and ED
(Table 2). Eighty-one children (41%) were intubated, all in the ED. Of the 81 subjects that
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were intubated, 68 (86%) had a known seizure onset time and a known respiratory support
start time. The median time from seizure onset to intubation was 56 minutes. Children
requiring respiratory support had a median seizure duration of 83 minutes compared to a
median of 58 minutes for those that did not require respiratory support (p = 0.0003).

Among the 104 children not requiring respiratory support, AEDs included lorazepam,
fosphenytoin/phenytoin, phenobarbital, diazepam and midazolam. The mean number of
AEDs given was 1.7 (median 2.0). The mean number of AED doses administered was 2.7
(median 3.0).

Among the 95 children requiring respiratory support, levetiracetam and propofol were used
in addition to the AEDs used in the group not requiring respiratory support. The mean
number of AEDs used in children requiring respiratory support was 2.7 (median 3.0). The
mean number of AED doses was 4.7 (median 4.5). Children given respiratory support
received more AEDs than those not requiring such support (p = <0.0001).

Time from seizure onset to administration of the first AED (Table 4)
Most of the 199 children were given more than one medication. Among the 189 children
that were given AEDs, ten (5%) received AED for prophylaxis after the FSE had been
terminated. The AEDs given for prophylaxis were all given by the ED after FSE was
terminated, and included lorazepam, diazepam, midazolam, fosphenytoin/phenytoin and
phenobarbital. Of the 179 children requiring an AED to terminate their FSE, 161 (90%) had
a recorded administration time in the records. Most children experienced a significant delay
initiating treatment, even though the seizure was recognized. The median time from the
seizure onset to the first dose of AED by EMS or ED was 30 minutes (IQR=35; range=1–
175). The median time from seizure onset to EMS arrival was 12.5 minutes (mean=20;
IQR=18; range=0–95), with EMS median response time of 6 minutes (activation to arrival)
(mean=8; IQR=6; range 0–33). The median time from EMS arrival to first AED, in children
treated by EMS, was 10 minutes (mean=10; IQR=7.5; range=0–28). The median time from
seizure onset to arrival in the ED was 33 minutes (mean=38; IQR=29; range=0–239
minutes). The median time from seizure onset to first AED, in children first treated in the
ED, was 10 minutes (mean=19; IQR=23; range=0–107). In the 161 children with recorded
times, the median time from the first dose of AED to end of seizure was 38 minutes
(IQR=52).

There are two components; the time from seizure onset to AED initiation, and the time from
first AED to seizure termination. The relationship between seizure duration and the time
from seizure onset to the first AED was analyzed. Since the dependent variable, seizure
duration, was not normally distributed, the simple linear regression was conducted with both
variables log transformed. The results showed a significant positive linear relationship
between these two log transformed variables. Three patients’ seizure durations were
considered as potential outliers. With the three outliers excluded, the results still showed a
significant positive linear relationship between log transformed seizure duration and log
transformed time from seizure onset to the first AED. The estimated parameter is 0.28,
which means a one unit (2.72 minute) increase in log transformed seizure onset to the first
AED is associated with a 0.28 unit (1.32 minute) increase in log transformed seizure
duration.

A non-parametric regression and a log transformed linear regression were performed with
the time from seizure onset to the first AED as the explanatory variable and the seizure
duration after the first AED as the dependent variable. There was not a statistically
significant relationship found in this cohort between earlier initial AED treatment and a
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decrease in seizure duration. Although a longer seizure duration is implied when treatment is
delayed because the seizures are usually not stopping spontaneously.

Dosing for diazepam and lorazepam
Of the 179 children who received AEDs, 166 (93%) received either lorazepam (N=83; 46%)
or diazepam (N=83; 46%) as their first AED. Of these, 20 (11%) did not have dosage or
route recorded. Among the 146 children (88%) with complete information, 32 (22%) had
suboptimal dosing (Figure 2) including 19 with diazepam and 13 with lorazepam. There was
another subgroup of 24 children (14%) that were given an appropriate dose of medication,
but at the lower end of the range (Figure 2) including 13 with diazepam and 11 with
lorazepam.

Other AEDs used initially to stop FSE were midazolam (N=6; 3%), fosphenytoin (N=2; 1%)
and phenobarbital (N=1; 0.5%). No medication was given to 20 children (10%) and 4 (2%)
had an unknown medication status because no times were recorded, the sequence could not
be determined or documentation of treatment was unavailable.

DISCUSSION
We have previously reported that the great majority of children with FSE required abortive
medication to terminate their seizure.13,14 This analysis which examined the details of
treatment found that not only did most require abortive medication, but the majority required
administration of more than one AED to terminate their seizure. This study demonstrated
FSE initial AED treatment was significantly delayed. Majority of children do not respond to
initial AED and require multiple AEDs to terminate FSE. This indicates that these seizures
can be refractory to treatment. When initial treatment is significantly delayed the entire
treatment paradigm shifts, which prolongs total seizure duration. EMS does not have a
standard treatment protocol. This analysis demonstrated the median time from seizure onset
to arrival in the ED was 33 minutes, which supports the importance of pre-hospital
treatment. The total seizure duration is composed of two separate factors; the time from
seizure onset to AED initiation, and the time from first AED to seizure termination. We
found that reducing the time from seizure onset to AED initiation was significantly related
to shorter seizure duration.

Previous reports from the FEBSTAT cohort noted that FSE is not recognized by the ED in
approximately one third of cases. This study evaluated recognition of seizure, not FSE, and
found that EMS often recognized seizures on arrival and during transport, and the ED
recognized almost all seizures on arrival. Although seizures are being recognized, the
treatment remains delayed. This supports the conclusion that recognition of seizure activity
by the ED is not the cause of the delay, but possibly the lack of recognition of SE affects
treatment delay. While the current definition of SE (30 minutes) may theoretically contribute
to delayed recognition, it is unlikely to have been a major factor, as treatment initiation was
based on whether the child was recognized to be convulsing and whether the local EMS
protocol allowed the administration of AEDs prior to ED arrival. The long median time from
seizure onset to ED arrival (> 30 minutes) implies that if EMS has not treated the child prior
to ED arrival the child would have been likely to have met the 30 minute definition of SE by
ED arrival.

The treatment of available by EMS varies by region, and, despite the accumulated data to
support uniform practice, EMS still cannot administer AEDs in many jurisdictions. The
delay in treatment when EMS cannot provide AEDs correlates with a longer seizure
duration. We also found a suboptimal dose of the first AED in 19% of the children given
lorazepam or diazepam.
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While studies have shown that short-term morbidity and mortality of FSE is low, there is
evidence that even a single episode of SE may interfere with normal psychomotor
development in infants and children without underlying structural abnormalities or
delays.21–23 FSE is also associated with an increased risk of developing epilepsy.6,24

Our finding that the great majority of patients required AEDs to stop the seizures indicates
that FSE rarely stops spontaneously. Once a seizure lasts for more than 5 minutes it is likely
it will continue for some time.7,25 As seizure duration lengthens, spontaneous resolution
becomes more difficult and this may particularly be true of febrile seizures.7,13,26,27

Delays in treatment of FSE have been observed in previous studies.10,16,26 A review of the
Virginia Commonwealth University SE database, which includes all SE and both pediatrics
and adults, found that less than half of SE patients received their first dose of an AED within
30 minutes of seizure onset.28 We observed a median of 30 minutes from FSE onset to AED
treatment, an unacceptable lag to treatment. Multiple studies have recommended treatment
after 5 minutes of seizing though with somewhat different rationales.16,25,26 The current
accepted treatment parameters have not been changed since the initial enrollment in
FEBSTAT. Thus, a change in treatment paradigm would not be a contributing factor to the
significant treatment delay found in this study. The need for respiratory support was
common and more frequent in children with a longer duration of seizure.

The observed tendency of prolonged seizures to continue, sometimes even if treated, may
explain the protracted seizure duration of the patients in this study. Other studies that have
shown pre-hospital administration of medication is associated with SE of shorter duration.11

Only 20% of the children had a history of febrile seizures, and 7% had a history of possible
or definite FSE.14 Thus, most families did not have medication available for administration
prior to EMS arrival. Pre-hospital treatment of prolonged seizures reduces the duration of
the seizure, but it is often not utilized in part because there are regional differences in
medications that can be administered.29 EMS care of the children participating in FEBSTAT
varied considerably. Each EMS squad had different rules and regulations governing
treatment paradigms. Some volunteer squads were not allowed to administer AEDs and
others were only able to administer treatment when given a direct order from a local ED
physician. Additionally, each region had multiple EMS squads.

Access to EMS as well as the treatment offered by EMS varies by location, and it is
accepted that it is not always feasible to activate and await EMS arrival during an
emergency. However, it is somewhat surprising and discouraging that in some jurisdictions
very few children with ongoing seizures were getting treatment by EMS during the time
period studied, which is fairly recent. When access is available patients have the opportunity
for earlier recognition and treatment of FSE. The treatment of FSE should be as prompt and
aggressive as treatment of SE caused by other etiologies. Interestingly, a recent study of
prolonged febrile seizures including FSE in Israel reports much shorter time to treatment as
the children received aggressive benzodiazepine treatment in the ambulance and this was
associated with shorter seizure durations than those in FEBSTAT.30 This highlights the
importance of early aggressive pre-hospital treatment of prolonged seizures. Our results that
show a consistent median time from first AED administration to end of seizure and therefore
a longer total seizure duration when first AED is delayed, are consistent with these findings
and highlight the need for earlier aggressive therapy of prolonged febrile seizures.

The administration of rescue medication to children with prolonged seizures is poorly
covered in current treatment paradigms.31 Management of children with prolonged febrile
seizures need to begins prior to hospital arrival, but most published guidelines are limited to
hospital settings.31 There is evidence that more than two doses of a benzodiazepine can
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increase the need for respiratory support, and physicians who disregard pre-hospital
treatment may give more doses of benzodiazepines than those who do take pre-hospital
treatment into account.32 Our study also finds that there are an increased number of doses of
AEDs given to children needing respiratory support. It is unclear if this is primarily due to
the multiple doses of benzodiazepines leading to respiratory depression or the effect of
prolonged seizure per se which has been shown in adults to lead to respiratory depression
more often than benzodiazepine administration.33 Similarly, we found that the ED does not
always consider the treatment given by EMS, resulting in children receiving several doses of
benzodiazepines in the ED after EMS had administered multiple doses. A previously
published study of SE found that only one in every six children with SE admitted to the
pediatric intensive care unit was appropriately treated for SE using current SE treatment
guidelines.32 This emphasizes the importance of pre-hospital and ED protocols for FSE
treatment, and a protocol education for EMS and ED personnel.

Paradoxically, FSE is often not treated because of a concern that medication may cause the
need for respiratory support. However we found that the need for respiratory support was
more frequent in subjects with more prolonged seizures and in those with an increased
number of AED doses. Other studies have shown that treatment of seizures with
benzodiazepines does not increase the rate of pre-hospital or ED intubation in children or
adults.11,33 The increased number of doses in the respiratory support group may not be an
indicator that the medications cause respiratory distress, but rather that an adequate dose of a
medication is delayed and the seizure leads to respiratory depression.

This analysis has some limitations. The FEBSTAT children were enrolled in a prospective
study, but they were recruited after the episode was over and were not done according to a
standard protocol, EMS and ED treatment protocols varied widely. However, the results
clearly confirm that FSE is a neurological emergency requiring prompt recognition and
treatment. The findings of this study stress the need for a uniform EMS protocol. More
aggressive treatment with adequate doses of effective medication is needed to stop FSE and
prevent associated morbidity, including short-term consequences of intubation and long-
term consequences of hippocampal injury and long-term consequences of hippocampal
injury.34 Our findings have implications for the future treatment of FSE and for the role of
EMS and the ED in the acute setting.
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substudy. Jeffrey L. Noebels M.D. Ph.D., Baylor College of Medicine, Houston, Texas –
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Figure 1.
Recognition of seizure by emergency medical services (EMS) and emergency department
(ED) personnel.
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Figure 2.
Dosing for diazepam and lorazepam.
*Borderline dosing of diazepam was considered to be = 0.3 mg/kg for a rectally
administered dose and = 0.1 mg/kg for IV, IO or IM administration. The borderline dose of
lorazepam was considered to be = 0.05 mg/kg for IV, IO or IM administration.
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Table 1

Treatment with antiepileptic drugs by emergency medical services (EMS) in 199 children with febrile status
epilepticus.

Site Number treated by EMS/Number recruited (%)

Virginia Commonwealth University 14/37 (38%)

Montefiore and Jacobi 10/55 (18%)

Duke University Medical Center 9/25 (36%)

Lurie Children’s Hospital 23/45 (51%)

Eastern Virginia Medical School 17/37 (46%)

Epilepsia. Author manuscript; available in PMC 2015 March 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Seinfeld et al. Page 14

Table 2

Respiratory support required by children with febrile status epilepticus.

Respiratory support given by Number of Children

EMS only 4

ED only 77

EMS and ED 14

EMS – Emergency Medical Services; ED – Emergency Department
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Table 3

Respiratory support in children with febrile status epilepticus.

Median Seizure Duration (minutes) Mean number of AEDs Mean number of doses

Respiratory support 83 2.7 4.7

No Respiratory Support 58 1.7 2.7
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Table 4

Timeline of seizure onset to AED administration.

Median time

Seizure onset to EMS arrival 12.5 minutes

EMS arrival to 1st AED* 9.8 minutes

Seizure onset to ED arrival 33 minutes

ED arrival to 1st AED** 10 minutes

*
Only includes children given AED by EMS.

**
Only includes children given 1st AED by ED.
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