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IMPORTANCE Treatment delay for seizures can lead to longer seizure duration. Whether
treatment delay is associated with major adverse outcomes, such as death, remains unknown.

OBJECTIVE To evaluate whether untimely first-line benzodiazepine treatment is associated
with unfavorable short-term outcomes.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, observational, prospective cohort
study included 218 pediatric patients admitted between June 1, 2011, and July 7, 2016, into
the 11 tertiary hospitals in the United States within the Pediatric Status Epilepticus Research
Group. Patients, ranging in age from 1 month to 21 years, with refractory convulsive status
epilepticus (RCSE) that did not stop after the administration of at least 2 antiseizure
medications were included. Patients were divided into 2 cohorts: those who received the
first-line benzodiazepine treatment in less than 10 minutes and those who received it 10 or
more minutes after seizure onset (untimely). Data were collected and analyzed from June 1,
2011, to July 7, 2016.

MAIN OUTCOMES AND MEASURES The primary outcome was death during the related hospital
admission. The secondary outcome was the need for continuous infusion for seizure
termination. Multivariate analysis of mortality controlled for structural cause, febrile RCSE,
age, and previous neurological history (including previous RCSE events). Use of continuous
infusions was additionally adjusted for generalized RCSE, continuous RCSE, and 5 or more
administrations of antiseizure medication.

RESULTS A total of 218 patients were included, among whom 116 (53.2%) were male and the
median (interquartile range) age was 4.0 (1.2-9.6) years. The RCSE started in the prehospital
setting for 139 patients (63.8%). Seventy-four patients (33.9%) received their first-line
benzodiazepine treatment in less than 10 minutes, and 144 (66.1%) received untimely
first-line benzodiazepine treatment. Multivariate analysis showed that patients who received
untimely first-line benzodiazepine treatment had higher odds of death (adjusted odds ratio
[AOR], 11.0; 95% CI, 1.43 to �; P = .02), had greater odds of receiving continuous infusion
(AOR, 1.8; 95% CI, 1.01-3.36; P = .047), had longer convulsive seizure duration (AOR, 2.6;
95% CI, 1.38-4.88; P = .003), and had more frequent hypotension (AOR 2.3; 95% CI,
1.16-4.63; P = .02). In addition, the timing of the first-line benzodiazepine treatment was
correlated with the timing of the second-line (95% CI, 0.64-0.95; P < .001) and third-line
antiseizure medications (95% CI, 0.25-0.78; P < .001).

CONCLUSIONS AND RELEVANCE Among pediatric patients with RCSE, an untimely first-line
benzodiazepine treatment is independently associated with a higher frequency of death,
use of continuous infusions, longer convulsion duration, and more frequent hypotension.
Results of this study raise the question as to whether poor outcomes could, in part, be
prevented by earlier administration of treatment.
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S tatus epilepticus (SE) consists of a prolonged, self-
sustaining seizure or repeated seizures without return
to baseline neurological function.1 It is one of the most

frequent life-threatening emergencies affecting approxi-
mately 17 to 23 per 100 000 children in the United States and
Europe.2-4 The short-term mortality ranges from 3% to 9%,2,5

and the long-term mortality rate is 7%.5 Survivors of SE often
have long-term sequelae, including cognitive and neurode-
velopmental impairment, epilepsy, and recurrent SE.6-8

Current SE treatment protocols suggest a timely and step-
wise progression of treatment.9-11 Protocols recommend the
first-line treatment—a benzodiazepine—to be administered
within 5 to 10 minutes of seizure onset.9,10 This first-line treat-
ment is usually followed by the second-line treatment—the ad-
ministration of a nonbenzodiazepine antiseizure medication
(ASM)—10 to 20 minutes later.9,10 If SE persists, the third-line
treatment—anesthetic agents via continuous infusion—may be
started within 30 to 70 minutes of seizure onset.9,10 The ra-
tionale is to stop seizures quickly, thereby reducing the risk for
brain damage and other medical complications. Different stud-
ies have shown that seizures usually last less than 10 min-
utes, and it is unlikely that they stop spontaneously after that
threshold.12-14 Animal models and clinical studies have dem-
onstrated a progressive diminished efficacy of benzodiaz-
epine with prolonged seizures,15-17 and untimely treatment
leads to longer convulsion duration.17-19 However, previous
data have indicated that the treatment of SE is often delayed.
To date, the main SE outcome predictors include patient age,
SE cause, and SE duration,7,8,20 with SE duration being most
often the only modifiable risk factor through timely ASM
management.18,19 Although it is known that time to treat-
ment is independently associated with SE duration,17-19 it is
not known if untimely treatment affects other outcome mea-
sures, such as death.

To address this gap in knowledge, we aimed to study the
association between untimely first-line benzodiazepine treat-
ment and short-term outcome in children with refractory con-
vulsive status epilepticus (RCSE). We hypothesized that pa-
tients with RCSE have worse short-term outcomes if they
receive the first-line benzodiazepine treatment 10 or more min-
utes after seizure onset.

Methods
Study Design
This multicenter, observational, prospective cohort study is part
of the Pediatric Status Epilepticus Research Group, a consortium
of 11 tertiary pediatric hospitals in the United States.21 Data on
time to treatment of a subgroup of initial cases in this cohort have
been previously reported.19 Data were collected with a standard-
izeddataacquisitiontoolandenteredintoanelectronicdatabase.
Prehospital data, including time to treatment and SE onset, were
prospectively obtained from patients’ families and corroborated
with emergency medical services (EMS) reports and medical rec-
ords. The inhospital information was obtained from hospital
records and inpatient medical teams. In the case of missing or
incomplete data, we prospectively corroborated data with the

families, medical teams, and objective sources. In the case of
small differences of timing, we chose the time with stronger and
more precise evidence and excluded the patient if the timing was
unclear. The research protocol was approved by the institutional
reviewboardsofall11participatinginstitutions:BostonChildren’s
Hospital,TheChildren’sHospitalofPhiladelphia,CincinnatiChil-
dren’s Hospital Medical Center, The University of Virginia Health
System, Children's National Health System, Children’s Hospital
Colorado, Northwestern University Feinberg School of Medicine,
Duke University Medical Center, Baylor College of Medicine,
Phoenix Children’s Hospital, and Mayo Clinic. All participants
gavewritteninformedconsent.Datawerecollectedandanalyzed
from June 1, 2011, to July 7, 2016.

Patients
Although the Pediatric Status Epilepticus Research Group cen-
ters usually follow published guidelines on SE treatment, there
is no common management protocol, and decisions were made
based on clinical judgment by the individual treating teams,
permitting this comparative effectiveness approach.

The inclusion criteria were (1) hospital admission into 1 of
the consortium’s 11 tertiary pediatric hospitals in the United
States for an SE episode during hospital admission between
June 1, 2011, and July 7, 2016; (2) age from 1 month to 21 years
at the time of admission; (3) focal or generalized convulsive
epileptic seizures at onset; and (4) failure of treatment with 2
or more ASMs to terminate SE or the initiation of a continu-
ous infusion for seizure control. In cases in which a patient had
more than 1 SE episode during the study period, only the first
episode was analyzed. Of the 268 potentially eligible pa-
tients, 218 (81.3%) met the inclusion criteria.

The exclusion criteria were (1) nonconvulsive SE detected on
electroencephalogram without convulsive seizures at onset, (2)
nonconvulsive SE with motor manifestations limited to infre-
quent myoclonic jerks, (3) unknown time to first-line benzodi-
azepine treatment, (4) psychogenic nonepileptic seizure, or (5)
incomplete clinical information regarding ASM administration.

Variables
We divided the cohort into 2 groups: (1) patients who received
the first-line benzodiazepine treatment in less than 10 minutes
and (2) patients who received the first-line benzodiazepine treat-

Key Points
Question Several studies have shown an association of prompt
treatment with status epilepticus duration, but what is the
association with other outcome measures, such as death?

Findings In this multicenter observational study of 218 children
with refractory convulsive status epilepticus, a delay in first-line
benzodiazepine treatment was associated with death, the need
for continuous infusions, longer convulsive duration, and more
frequent hypotension.

Meaning These findings may change the perception of acute
seizure and status epilepticus treatment, tentatively converting it
into an extremely time-sensitive emergency that is similar to
stroke or other cardiovascular events.
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ment 10 or more minutes after seizure onset (untimely first-line
benzodiazepinetreatment).Theprimaryoutcomewasdeathdur-
ing the hospital admission. The secondary outcome was the need
for continuous infusion for seizure termination. We also looked
at tertiary outcomes, including baseline neurological function
at hospital discharge (as determined by previous neurological ex-
aminations or history obtained from families), convulsive dura-
tion, intensive care unit duration, hypotension, and other medi-
cal complications during hospitalization (not included in other
variables). We reported race and ethnicity as classified by the in-
vestigators,withthecategoriesdefinedbytheinvestigators.Race
andethnicitywerereportedasdescriptivedemographicvariables.

Statistical Analysis
We used descriptive statistics to summarize demographic and
clinical characteristics. Continuous variables were expressed as
median and interquartile ranges (IQRs) because evaluation of the
data distribution did not fit a normal distribution, and we there-
fore used nonparametric analyses. Initial bivariate analyses for
binary outcome variables were performed using the Fisher ex-
act test. To test the association of the untimely first-line benzo-
diazepine treatment with our primary outcome, we performed
an exact logistic regression adjusting for age, structural cause,
febrileRCSE,andnopreviousneurologicalhistory(includingpre-
vious RCSE events). One of the outcome’s bins had a zero, which
precluded the use of standard logistic regression. Exact logistic
regression allows for the construction of logistic regression mod-
els in which the sample size is too small and/or some of the cells
have zero observations in the data.22,23 The model parameter es-
timates are based on the permutational distributions of sufficient
statistics rather than asymptotic statistics. In such scenarios,
the maximum likelihood–based approaches fail to perform
satisfactorily.22,23 The secondary and tertiary outcomes were
more frequent; thus, we performed a logistic regression adjust-
ing for age, structural cause, febrile RCSE, no previous neurologi-
cal history, generalized SE, continuous RCSE, and more than the
median number of ASMs (≥5). We selected the variables on the
basis of prior scientific knowledge that prevents multiple test-
ing and reduces the number of false negatives. The number of
variables was limited to avoid overfitting of models that had rare
events. Because the data were highly skewed, we used linear re-
gression with log transformation to calculate the association be-
tween time to first-line benzodiazepine treatment and duration
of convulsive SE. We compared times to benzodiazepine and
nonbenzodiazepine ASMs between groups using the Wilcoxon
rank sum test. Times were calculated from seizure onset. The
Wilcoxon signed rank test was used to compare treatment tim-
ing with protocol recommendations. The 2-sided α value was set
at 0.05. All statistical analyses were performed with Stata, ver-
sion 13 (StataCorp LLC).

Results
Patients
A total of 218 patients were included, with a median (IQR) age
of 4.0 (1.2-9.6) years, and 116 (53.2%) were male. Seventy-
four patients (33.9%) received the first-line benzodiazepine
treatment in less than 10 minutes, and 144 patients (66.1%) re-
ceived untimely first-line benzodiazepine treatment. One hun-
dred ninety-seven patients (90.4%) had an electroencephalo-
gram during the admission for RCSE. The RCSE started in the
prehospital setting for 139 patients (63.8%). Demographics and
clinical features are summarized in Table 1.

Untimely Treatment and Death
Seven patients (3.2%) died prior to hospital discharge, and
all 7 received untimely first-line benzodiazepine treatment
(Figure1A).Multivariateanalysisshowedthatthosewhoreceived
untimely first-line benzodiazepine treatment had higher odds
of death after adjusting for known confounders (adjusted odds

Table 1. Demographic and Clinical Characteristics

Characteristic Patients, No. (%)
All patients 218

Male sex 116 (53.2)

Age, median (IQR), y 4.0 (1.2-9.6)

RCSE onset setting

Prehospital RCSE onset 139 (63.8)

Inhospital RCSE onset 79 (36.2)

Race

White 130 (59.6)

Black or African American 48 (22.0)

Arabic 8 (3.7)

Asian 8 (3.7)

Native Hawaiian or Pacific Islander 1 (0.5)

Not reported 8 (3.7)

Unknown 15 (6.9)

Ethnicity

Not Hispanic or Latino 159 (72.9)

Hispanic or Latino 38 (17.4)

Not reported 13 (5.9)

Unknown 8 (3.7)

Type of RCSEa

Intermittent RCSE 144 (66.1)

Continuous RCSE 74 (33.9)

Status epilepticus cause

Structural 62 (28.4)

Genetic 32 (14.7)

Metabolic 12 (5.5)

Other 32 (14.7)

Unknown 80 (36.7)

Past medical conditionb

Developmental delay 108 (49.5)

Epilepsy 112 (51.4)

Status epilepticus 47 (21.6)

Febrile seizure 25 (11.5)

Cerebral palsy 22 (10.1)

None 74 (33.9)

Abbreviations: IQR, interquartile range; RCSE, refractory convulsive status
epilepticus.
a Intermittent RCSE indicates that the patient presents with multiple seizures

and does not return to baseline; continuous RCSE indicates ongoing seizure.
b The numbers may sum up higher than the total, as some patients may present

with more than 1 category.
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ratio [AOR], 11.0; 95% CI, 1.43 to �; P = .02) (Table 2). Five (71.4%)
of 7 patients who died had prehospital SE onset (eTable 1 in the
Supplement).

Untimely Treatment and Use
of Continuous Infusion
One hundred twelve patients (51.4% [112 of 218]) received a con-
tinuous infusion, and of these 112 patients, 80 (71.4%) re-
ceived untimely first-line benzodiazepine treatment (P = .09)
(Figure 1B). After adjusting for confounders, we found that the
untimely treatment group was more likely to receive 1 or more
continuous infusions (AOR, 1.8; 95% CI, 1.01-3.36; P = .047)
(Table 3). Continuous infusions included midazolam hydro-
chloride (91 [81.3%]), propofol (7 [6.3%]), pentobarbital so-
dium (4 [3.6%]), and other (10 [8.9%]).

Untimely Treatment and Tertiary Outcomes
The median (IQR) convulsion duration was 48.5 minutes lon-
ger for patients who received untimely first-line benzodiaz-
epine treatment than for those who received it in less than 10
minutes (91 [50-200] minutes vs 139.5 [60-360] minutes;
P = .03]). Multivariate analysis showed that the untimely treat-
ment group, compared with the group treated in less than 10
minutes, had greater odds of having a longer-than-the-
median convulsive duration (AOR, 2.6; 95% CI, 1.38-4.88;
P = .003) and hypotension (AOR, 2.3; 95% CI, 1.16-4.63; P = .02)
(Table 4). For every minute in log time to treatment, the log
duration of SE increased by 0.32 log minutes (95% CI, 0.21-
0.44; P < .001) (Figure 2). The outcomes stratified by RCSE
onset are detailed in eTables 2 and 3 in the Supplement.

Time to Treatment
The timing of the first-line benzodiazepine treatment was cor-
related with the time to the second-line treatment with nonben-
zodiazepine ASM; with every 1 minute of delay, the first second-

line nonbenzodiazepine ASM was administered 0.8 log minutes
later (95% CI, 0.64-0.95; P < .001) (Figure 3A). The timing of the
first-line benzodiazepine treatment was also correlated with the
time to the third-line treatment with continuous infusion (0.5
logminuteslaterperminuteofdelay;95%CI,0.25-0.78;P < .001)
(Figure 3B). The timing to medical assistance and treatment are
summarized in eTable 4 in the Supplement. The median (IQR)
time to first-line benzodiazepine treatment was 17 (5-45) min-
utes, and it was longer for the prehospital group than for the in-
hospital group (25 [10-60] minutes vs 8 [4-24] minutes; P < .001).
The second and third administrations of benzodiazepine (when
given) also took longer for those with prehospital SE onset com-
pared with inhospital onset (median [IQR] time, 43.5 [22-96] vs
20.5 [10-45] minutes for second administration of benzodiaz-
epine [P = .001]; median [IQR] time, 65 [45-149] vs 40 [22-189]
minutes for third administration of benzodiazepine [P = .04]).
The median (IQR) time to first administration of nonbenzodiaz-
epine ASM was 63 (33-150) minutes; it was longer for the prehos-
pital group than for the inhospital group (82 [45-170] minutes vs
40 [22-74] minutes; P < .001) and also longer than guideline rec-
ommendations (vs 20 minutes; P < .001). Nonbenzodiazepine
ASM included fosphenytoin sodium (104 [49.5%]), levetiracetam
(63 [30.0%]), phenytoin sodium (18 [8.6%]), phenobarbital (16
[7.6%]), valproic acid (5 [2.4%]), and others (4 [1.9%]). The sec-
ondadministrationofthenonbenzodiazepineASMalsotooklon-
ger for patients with prehospital SE onset than for patients with
inhospital onset (median [IQR] time, 131 [75.5-330] minutes vs
74 [40-206] minutes; P = .002).

Discussion
After multivariate analysis, we found that patients who re-
ceived untimely first-line benzodiazepine treatment died more
frequently, received continuous infusions more often, and had
longer convulsive SE duration and more frequent hypoten-
sion during the admission. In addition, the time to treatment
with benzodiazepine and the time to treatment with nonben-
zodiazepine ASM were more frequently delayed for the pre-
hospital group compared with the inhospital group, and the
time to the first-line benzodiazepine treatment was corre-
lated with the timing of the second- and third-line treat-
ments, suggesting a subsequent delay in the workflow.

Time to Treatment and Death
We could not find previous reports describing an independent
association between time to treatment of SE and subsequent
death. However, a longer duration of seizures is associated with
a higher frequency of death,24,25 and prompt ASM treatment can
shorten SE duration.17-19 A study including 140 adults with SE did
not find a difference in time to treatment between a survivor
groupandanonsurvivorgroup(median[IQR]time,3[0-90]min-
utes vs 15 [0-60] minutes).26 Our study is different in that we in-
cluded solely pediatric refractory patients and enrolled an over-
all larger number of children and young adults. Of note, in our
study, all patients who died received untimely first-line benzo-
diazepine treatment; after adjusting for known confounders, we
found that this group had an OR of 11 for death.

Figure 1. Untimely First-line Benzodiazepine (BZD) Treatment
and Association With Outcome
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A, All 7 patients who died prior to hospital discharge received untimely first-line
BZD treatment (�10 minutes). B, Of the 112 patients (51.4%) who received a
continuous infusion as treatment for refractory convulsive status epilepticus,
80 (71.4%) received untimely first-line BZD treatment.

Association of Time to Treatment With Outcomes for Pediatric Patients With Status Epilepticus Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology April 2018 Volume 75, Number 4 413

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/26/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.4382&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2017.4382
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.4382&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2017.4382
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.4382&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2017.4382
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2017.4382


Preclinical studies have suggested that the development
of benzodiazepine pharmacoresistance during SE is the re-
sult of an internalization of gamma 2 subunit-containing, ben-
zodiazepine-sensitive γ-aminobutyric acid type A receptors
during prolonged seizures.16,27-29 In this study, the first-line
benzodiazepine treatment did not terminate seizures, and this

later (ie, untimely) benzodiazepine treatment was associated
with death. A possible explanation for this finding is that faster
first-line benzodiazepine treatment may be a marker for a more
aggressive treatment and workflow, in general, and we accord-
ingly detected a linear correlation between the timing of the
different treatment lines. All of these aspects may contribute

Table 2. Untimely First-line Benzodiazepine Treatment and Death, Adjusted for Confoundersa

Variable
Outcome Proportion,
No. (%) (N = 218)

Univariate Analysis Multivariate Analysis
Received Untimely Treatment,
No. (%) P Value AOR (95% CI) P Value

Death 7 (3.2) 7 (100) .98 11.0 (1.43 to �) .02

Structural cause 62 (28.4) 38 (61.3) .35 0.1 (0 to 0.80) .03

Febrile RCSE 45 (20.6) 39 (86.7) .001 0.05 (0 to 0.45) .006

Older than the median age of 4 y 109 (50.0) 69 (63.3) .48 0.2 (0.02 to 1.61) .16

No previous neurology history 78 (35.8) 53 (67.9) .77 11.3 (1.52 to 145.02) .02

Abbreviations: AOR, adjusted odds ratio; RCSE, refractory convulsive status
epilepticus.
a The results of AORs for multivariate analysis using an exact logistic regression

model, with untimely first-line benzodiazepine treatment (�10 minutes after
seizure onset) as the predictor and death as the primary outcome, adjusted for
structural cause, febrile RCSE, age, and no neurological history. The main

finding is that, after controlling for structural etiology, febrile RCSE, age,
and no neurological history, we found that the AOR of death was 11 for patients
with untimely first-line benzodiazepine treatment compared with patients
with first-line benzodiazepine treatment in less than 10 minutes after seizure
onset.

Table 3. Untimely First-line Benzodiazepine Treatment and Use of Continuous Infusionsa

Variable
Outcome Proportion,
No. (%) (N = 218)

Univariate Analysis Multivariate Analysis
Received Untimely Treatment,
No. (%) P Value AOR SE (95% CI) P Value

≥1 Continuous infusions 112 (51.4) 80 (71.4) .09 1.8 0.6 (1.01-3.36) .047

Age, median (IQR), y 4 (1-10) 3.7 (1-10) .32 1.1 0.0 (0.99-1.12) .08

Structural cause 62 (28.4) 38 (61.3) .35 1.0 0.3 (0.54-1.94) .93

Febrile RCSE 45 (20.6) 39 (86.7) .001 0.6 0.3 (0.29-1.36) .23

No previous neurological history 78 (35.8) 53 (67.8) .77 1.5 0.5 (0.83-2.78) .18

Generalized RCSE 151 (69.3) 100 (66.2) >.99 2.3 0.7 (1.21-4.20) .01

Continuous RCSE 74 (33.9) 50 (67.6) .77 0.9 0.3 (0.50-1.66) .77

≥5 ASMs 150 (68.8) 95 (63.3) .22 1.0 0.3 (0.52-1.74) .87

Abbreviations: AOR, adjusted odds ratio; ASMs, antiseizure medications;
IQR, interquartile range; RCSE, refractory convulsive status epilepticus.
a The results of AORs for multivariate analysis using a logistic regression model,

with untimely first-line benzodiazepine treatment (�10 minutes after seizure
onset) as the predictor and use of continuous infusions as the main outcome,
adjusted for age, structural cause, febrile RCSE, no neurological history,
generalized RCSE, continuous RCSE, and use of 5 or more ASMs. The main

finding is that, after controlling for age, structural cause, febrile RCSE,
no neurological history, generalized RCSE, continuous RCSE, and use of 5 or
more ASMs, we found that the AOR of needing continuous infusion(s) was 1.8
for patients with untimely first-line benzodiazepine treatment compared with
patients who received first-line benzodiazepine treatment in less than 10
minutes after seizure onset.

Table 4. Untimely First-line Benzodiazepine and Other Clinical Outcomesa

Variable
Outcome Proportion,
No. (%) (N = 218)

Univariate Analysis Multivariate Analysis
Received Untimely Treatment,
No. (%) P Value AOR SE (95% CI) P Value

More than the median convulsive
duration (2 h)

119 (54.6) 87 (73.1) .02 2.6 0.8 (1.38-4.88) .003

Decline in baseline function at
hospital dischargeb

47 (21.6) 33 (70.2) .49 1.8 0.7 (0.81-3.80) .15

ICU stay more than the median
duration (4 d)

112 (51.4) 73 (65.2) .89 1.1 0.4 (0.61-2.09) .66

Hypotension 64 (29.4) 49 (76.6) .04 2.3 0.8 (1.16-4.63) .02

Other medical complications 58 (26.6) 39 (67.2) .87 1.2 0.4 (0.62-2.36) .63

Abbreviations: AOR, adjusted odds ratio; ICU, intensive care unit;
RCSE, refractory convulsive status epilepticus.
a The results of AORs for multivariable analysis using logistic regression models,

with untimely first-line benzodiazepine treatment (�10 minutes after seizure

onset) as the predictor and different tertiary clinical outcomes. Each outcome
was adjusted for age, structural etiology, febrile RCSE, no neurological history,
generalized RCSE, continuous RCSE, and use of 5 or more ASMs.

b Not able to do the same tasks as before at hospital discharge.
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to improved outcomes with faster treatment, always taking into
account the cause of the SE.

Time to Treatment and Need of Continuous Infusions
Our data show that patients who received untimely first-line
benzodiazepine treatment had greater chances to require con-
tinuous infusions, but the data do not distinguish the extent
to which subsequent treatments after the administration of
first-line agents affected the outcome. Limited evidence ex-
ists on the choices of nonbenzodiazepine ASM and on the use
of continuous infusions. The established SE trial30 is evaluat-
ing the efficacy of nonbenzodiazepine ASM but not yet of con-
tinuous infusions. Previous studies have shown that delayed
or inadequate treatment leads to increased refractoriness of
SE18,31 and to greater chances of requiring second-line
treatment.31 A study involving 126 adults showed that pa-
tients who received third-line medications had worse
outcomes.32 This result could be due to the dual conse-
quences of longer seizure duration and exposure to multiple
medications with varying adverse outcomes, and those who
need continuous infusions could reflect a more refractory group
of patients. Our data raise the question of whether the use of
continuous infusions could, in part, be prevented by the early
administration of first-line treatment.

Time to Treatment and SE Duration
Several studies have shown a relationship between time to
treatment and duration of SE.17,19,31,33,34 A series of 240 SE epi-
sodes in children demonstrated that, for every minute of de-
lay until hospital arrival, patients had a 5% higher risk of hav-
ing an episode longer than 1 hour.35 Another study of 120 adults
with SE showed that treatment initiated in less than 30 min-
utes was associated with an 80% response rate, whereas less
than 40% of patients responded when treated more than 2
hours after the episode.36 Our data support these results be-
cause patients who received the first-line benzodiazepine treat-
ment in less than 10 minutes had more chances of having a

shorter SE episode, and the time to benzodiazepine treat-
ment was linearly associated with the duration of SE.

Opportunities for Improvement in Care
Delay in the treatment of RCSE is independently associated
with adverse outcomes. Therefore, SE should be considered
a time-sensitive emergency, such as a stroke or other cardio-
vascular events. Our data set is not designed for detailed fac-
tor analysis; however, further work is needed to delineate the
aspects contributing to delay. At this point, we hypothesize that
several factors could improve outcomes, such as further at-
tention toward faster detection, recognition, and treatment of
SE; implementation of seizure action plans; and improved

Figure 2. Association Between Log Time to First-line Benzodiazepine
(BZD) Treatment and Log Convulsive Status Epilepticus (SE) Duration
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Figure 3. Association Between Log Time to First-line Benzodiazepine
(BZD) Treatment and Second- and Third-line Treatments

6

4

6

10

8

2

0

0

Lo
g 

Ti
m

e 
to

 S
ec

on
d-

lin
e 

Tr
ea

tm
en

t
W

ith
 N

on
-B

ZD
 A

SM
, m

in

Log Time to First-line BZD Treatment, min
2 4 6 8

Association between log time to first-line BZD treatment
and second-line treatment

A

10

8

4

2

0

0

Lo
g 

Ti
m

e 
to

 T
hi

rd
-l

in
e 

Tr
ea

tm
en

t
W

ith
 C

on
tin

uo
us

 In
fu

si
on

, m
in

Log Time to First-line BZD Treatment, min
2 4 6 8

Association between log time to first-line BZD treatment
and third-line treatment

B

A, The x-axis represents the time to the first-line BZD treatment in minutes in a
log transformation, and the y-axis represents the time to the second-line
treatment with non-BZD antiseizure medication (ASM) in minutes in log
transformation. A linear association exists between log time to the first-line BZD
treatment and log time to the second-line treatment with non-BZD ASM; with
every 1 minute change in a log scale of the first-line BZD treatment, the
second-line treatment was administered 0.8 log minutes later (95% CI,
0.64-0.95; P < .001). B, The x-axis represents the time to the first-line BZD
treatment in minutes in a log transformation, and the y-axis represents the time
to the third-line treatment with continuous infusion in minutes also in log
transformation. A linear association exists between log time to the first-line BZD
treatment and log time to the third-line treatment; with every log minute
change of the first-line BZD treatment, the third-line treatment was
administered 0.5 log minutes later (95% CI, 0.25-0.78; P < .001).
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availability and use of rescue medications for patients with
known seizures, as well as improved education for families and
EMS. The timing of the first-line benzodiazepine treatment is
significantly slower in the prehospital setting; therefore, this
study could fuel prehospital and quality improvement inter-
ventions that could change SE outcomes.

Time to Treatment in SE Treatment Guidelines
To date, exact time thresholds are mostly based on expert opin-
ion. Most SE treatment guidelines recommend benzodiaz-
epine initiation within 5 to 10 minutes from SE onset.9,10 Fur-
thermore, seizures normally last less than 10 minutes, and it
is unlikely that they stop spontaneously after that time
frame.12-14 Based on these studies, we decided to evaluate the
under-10-minute threshold because 5 minutes is the time when
treatment is usually started. In our study, the median (IQR) time
to treatment was 17 (5-45) minutes, with a median (IQR) pre-
hospital time of 25 (10-60) minutes and a median (IQR) inhos-
pital time of 8 (4-24) minutes. These results showed that most
inhospital patients were already being treated in less than 10
minutes. This under-10-minute goal is realistic for the inhos-
pital setting and for prehospital patients with previous SE or
epilepsy; therefore, we recommend the under-10-minute
threshold. However, this time frame may be more difficult to
achieve for patients with new-onset SE, with longer EMS re-
sponse times, or in states and institutions where first respond-
ers are not authorized to treat.

Strengths and Limitations
This work was a multicenter study using 6 years of prospec-
tive data, providing a large but selected population of chil-
dren with RCSE. Many of the available studies on SE treat-
ment and outcome are based on adult populations, and this
cohort permitted us to fill some gaps in the literature. The large
sample size allowed us to study both common and rare out-
comes and to demonstrate new associations that will affect the
treatment of SE. It is not completely clear if benzodiazepine
doses are associated with outcomes in SE; because no differ-
ence was found in lower doses of first-line benzodiazepine
treatment between the groups (P = .19), we did not include the
lower dose in the multivariable model. The data on time to
treatment were highly skewed, and we therefore used log trans-
formation, which is the standard technique for time-to-event
outcomes.

The distribution of time to treatment and death is diffi-
cult to characterize because of the small number of events.
Hence, we analyzed the outcome of death as a binary out-
come using exact logistic regression and adjusted for predic-

tor variables. Exact logistic regression was used owing to the
small number of observations. Because one of the cells (ben-
zodiazepine treatment in <10 minutes) had zero deaths, the
95% CI became infinite, but it will decrease when the out-
come becomes present in both groups. The small number of
deaths limited the number of confounders that we could in-
clude in the model without overfitting. We corrected for neu-
rological history, including previous RCSE events. We could not
adjust for selected confounders, such as distance between the
patient’s home and the center. Although our hypothesis was
based on time to treatment and not RCSE-onset setting, we also
stratified for inhospital and prehospital RCSE onset. The sec-
ondary outcome remained significant after stratification, but
the number of the primary outcome in each subgroup did not
have enough power for the differences to be statistically sig-
nificant. We also cannot rule out additional unknown identi-
fiable or nonidentifiable confounders that may have influ-
enced mortality and outcomes, which may have not been
detected by our comparative effectiveness approach and would
need a randomized control trial.

Therefore, these results need to be interpreted in the set-
ting of data acquisition, including inherent selection and in-
formation bias. The episodes that occur in the community and
stop spontaneously or with prehospital treatment and do not
reach a hospital were not included in this study. In addition,
we included patients whose treatment with at least 2 ASMs
failed; therefore, these results apply to patients with RCSE. Re-
ceiving prolonged status therapy and continuous infusions may
be a poor prognostic factor for outcome,32 possibly owing to
confounding by indication. The times to treatment in the pre-
hospital setting were based on information provided by fami-
lies. We corroborated the information with EMS reports and
medical records when available; therefore, we did the best that
we could in this study, which was set up to corroborate treat-
ment times.

Conclusions
For pediatric patients with RCSE, the untimely administra-
tion of the first-line benzodiazepine treatment (ie, ≥10 min-
utes after seizure onset) is associated with adverse short-
term outcomes, including a higher frequency of death, more
frequent use of continuous infusions, longer convulsive sei-
zure duration, and more frequent hypotension. In addition, the
timing of the first-line benzodiazepine treatment is associ-
ated with the time to treatment of the second- and third-line
medications.
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