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edical Treatment of Pediatric Status Epilepticus
icholas S. Abend, MD,*,† Ana M. Gutierrez-Colina, BA,*,† and
ennis J. Dlugos, MD, MSCE*,†

Status epilepticus (SE) is a common pediatric neurologic emergency that refers to a
prolonged seizure or recurrent seizures without a return to baseline mental status between
seizures. Appropriate treatment strategies are necessary to prevent prolonged SE and its
associated morbidity and mortality. This review discusses the importance of a rapid and
organized management approach, reviews data related to commonly utilized medications
including benzodiazepines, phenytoin, phenobarbital, valproate sodium, and levetiracetam,
and then provides a sample SE management algorithm.
Semin Pediatr Neurol 17:169-175 © 2010 Elsevier Inc. All rights reserved.
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tatus epilepticus (SE) is a common pediatric neurologic
emergency that refers to a prolonged seizure or recurrent

eizures without a return to baseline between seizures. Ap-
ropriate treatment strategies are necessary to prevent pro-

onged SE and its associated morbidity and mortality. This
eview focuses on the management of SE with anticonvulsant
edications and addresses both out-of-hospital and in-hos-
ital approaches. An evaluation to determine the etiology of
E1 and attention to systemic complications must proceed
imultaneously.

ypes of SE
nitially, SE was defined as a seizure lasting longer than 30
inutes or a series of seizures without a return to baseline

evel of alertness between the seizures, largely based on data
hat these seizures could produce lasting pathologic changes.
lthough this remains an appropriate definition for outcome
tudies and animal models, there is increasing recognition
hat most seizures are brief (3-4 minutes),2 and medication
dministration delay is associated with more refractory seizures.
his has led to a change in clinical practice that has shortened

he seizure duration of SE over the last decade to a seizure lasting
onger than 5 minutes.3 Recent commentaries have proposed
hat aggressive management be initiated even earlier than 5 min-
tes.4 Immediate aggressive management may be particularly
mportant in postoperative neurosurgical and cardiac surgi-
al patients, patients with or at risk for elevated intracranial
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ressure (traumatic brain injury, brain tumor, and central
ervous system infections), children with malignant hyper-
hermia, and children with multisystem organ failure.5 SE
ccurs frequently in children being treated with therapeutic
ypothermia after cardiac arrest6 and is a risk factor for poor
utcome in adults,7 so early recognition and aggressive man-
gement may also be warranted in these children.

SE may be categorized based on etiology, seizure type, or
iming. Attention to the timing stage of SE ensures manage-
ent proceeds without delay. In the initial 5 minutes of

eizure, a period referred to as the prodromal or incipient
tage, it is unknown whether the seizure will self-terminate or
volve into SE. Persisting SE may be divided into early SE
5-30 minutes), established SE (�30 minutes), or refractory
E (RSE) (seizures that persist despite treatment with ade-
uate doses of an initial 2 or 3 anticonvulsant medications).

ystemic Management
ystemic changes occur during SE and may worsen the un-
erlying brain lesion in acute symptomatic SE. In early SE,
rain glucose and oxygen use increases, but delivery may also

ncrease because of a rise in blood pressure and cerebral
erfusion. In later SE, blood pressure may decrease, some-
imes to hypotensive levels, and respiratory compromise may
ccur. These changes may result in brain hypoxia, hypogly-
emia, and acidosis.8 Hyperthermia and rhabdomyolysis may
lso develop.9 Furthermore, seizures may elevate intracranial
ressure, and if cerebral autoregulation is already disturbed
y the underlying lesion or by SE, autoregulatory mecha-
isms may be further compromised.10 Rarely, SE is associated
ith ictal bradycardia, stress cardiomyopathy, neurogenic
ulmonary edema, rhabdomyolysis and related renal failure,

r bone fractures.
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reatment Overview
any SE management algorithms have been developed.5,11,12

he initial management uses benzodiazepines with slight dif-
erences in benzodiazepine preference and dosing. Second-
ine drugs are more variable and generally include phenytoin
PHT), phenobarbital, valproic acid (VPA), and levetiracetam
LEV). Third-line drugs are even more variable, with some
lgorithms suggesting trials of additional second-line drugs
nd some proposing pharmacologic coma induction. Despite
mall differences in the clinical algorithms, there are certain
mportant common principles discussed below.

apid Treatment of SE Is Important
number of studies have suggested that the rapid treatment

f SE is associated with a higher efficacy of anticonvulsants
nd possibly a better outcome. A prospective observational
tudy of 182 children with convulsive SE found that for every
inute delay between the SE onset and emergency room

rrival there was a 5% cumulative increase in the risk of
aving SE last more than 60 minutes.13 Several clinical stud-

es showed that anticonvulsants are more effective when ad-
inistered early rather than later during the seizure.14-18 For

xample, a retrospective study of 154 children with SE com-
ared children with aborted SE and RSE. Of the 71 children
ho continued to seize despite first- and second-line anti-

onvulsants, seizures were terminated by a third anticonvul-
ant in 100% when it was administered within 60 minutes of
he first anticonvulsant and only 22% if administered more
han 1 hour after the initial anticonvulsant.14 One explana-
ion for this finding may be that with the increasing duration
f SE, inhibitory GABA receptors are internalized, making
enzodiazepines less effective.19-21

Longer seizures may also be associated with a worse out-
ome. In the retrospective study comparing aborted and RSE
escribed earlier, RSE was associated with higher mortality,

ess return to baseline functioning, and an increased risk of
ong-term deficits and epilepsy.14 Even after adjusting for
SE status, having longer seizures (both when eventually
borted and when refractory) was associated with a signifi-
antly worse outcome. Furthermore, children who received a
hird anticonvulsant within an hour of treatment initiation
eturned to baseline significantly more often than those with
ore delayed administration of a third anticonvulsant (81%

s 0%).14 Similarly, a partially retrospective and partially pro-
pective study evaluated 307 adults and children (122 chil-
ren) with SE and compared patients with seizures lasting 10
o 29 minutes with those with seizures lasting 30 minutes or
onger. Despite similar etiologies in the 2 groups, those with
eizures lasting longer than 30 minutes had a statistically
igher mortality than those with shorter durations (19% vs
%). However, this difference was seen in adult and elderly
atients, and there was no significant difference in mortality

n just the pediatric group.22 Together these studies suggest
hat early treatment may be associated with higher anticon-

ulsant efficacy and possibly better outcome. m
ome Management Plans Are Important
ost episodes of early SE have onset outside the hospital,23

nd early SE is a critical period for terminating the seizure.
en percent of children with epilepsy may eventually de-
elop SE,24 and 16% of those with a first episode of SE may
ave recurrence within a year.23 A retrospective study re-
orted that out-of-hospital management with diazepam
DZP) (rectal or intravenous [IV]) was associated with shorter
uration of SE (32 vs 60 min) and a decreased risk of recur-
ent seizures in the emergency department (ED).25 A lack of
rehospital treatment with DZP has been associated with a
ignificantly increased risk of SE lasting longer than 60 min-
tes in both retrospective25 and prospective13 studies. Fur-
hermore, benzodiazepine dosing was lower than recom-
ended in 75% of episodes, both when administered by
arents and paramedics.13 This suggests that out-of-hospital
anagement is important and that detailed plans are re-

uired to ensure appropriate dosing. A recent survey re-
orted that 79% of parents had a rescue medication care
lan, 75% of those who had been prescribed a rescue medi-
ation reported using it, and most parents reported that it was
lways or often effective in terminating seizures and avoiding
ospitalization.26 A home plan must take into account the
eizure history, the distance to medical care, and the medical
ophistication of the family.27

n In-Hospital
anagement Plan Is Important

lthough an ideal, evidence-based SE management algo-
ithm has not been developed yet, ensuring that some plan is
n place may help guide management and avoid treatment
elays. A recent consensus document from an international
olloquium on SE recommended that “all units should have a
ritten protocol” and that “the protocol should be staged
ith a clear structured timeframe.” Furthermore, it advo-

ated for educational incentives and set the goal that at least
0% of children with SE be treated appropriately.28

Unfortunately, recent studies have documented that in
urrent practice in-hospital treatment delays and inappropri-
te dosing are common. A large retrospective multicenter
tudy reported that even once in the ED, the median time to
dminister a second-line anticonvulsant to a seizing child
as 24 minutes and that for each doubling in the duration of
rehospital seizure there was only a 6% reduction in the time
aken to administer second-line anticonvulsants.29 Inappro-
riate benzodiazepine dosing is also reported, with both high
nd low dosing causing problems. Both prospective observa-
ional30 and retrospective31 studies have reported benzodiaz-
pine dosing outside the standard range in 22% to 45% of
hildren. Low dosing may not terminate SE. High dosing is
lso problematic and often occurs when prehospital doses are
ot considered. Both prospective13 and retrospective31 stud-

es of children with SE showed that extra doses given in the
D are associated with an increased risk for respiratory de-
ression. A retrospective case series of 47 children admitted
o a hospital with SE showed that children who were not

anaged with a SE protocol more often received extra ben-
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Medical treatment of pediatric SE 171
odiazepine doses and were more likely to require intensive
are unit admission than those managed with a protocol.32

nitial
enzodiazepine Management

n current practice, there is substantial variability in the ini-
ial management of SE. A survey of physicians in Australia
nd New Zealand reported that first-line management of SE
ithout IV access included rectal DZP (49%), intramuscular
idazolam (MDZ) (41%), and buccal MDZ (9%), whereas
rst-line management of SE with IV access included MDZ IV
50%) and DZP IV (44%).33 A large number of studies have
ompared various benzodiazepines and routes of administra-
ion. These studies suggest that if IV access is not available,
he use of intranasal MDZ (0.2 mg/kg),34,35 buccal MDZ (0.2
g/kg),36 or intramuscular MDZ (0.2 mg/kg)37,38 may be

ood alternatives to placing an IV line and then administering
V DZP (0.3 mg/kg). Furthermore, some of these studies have
ndicated that intranasal MDZ (0.2 mg/kg)39-41 and buccal

DZ (0.5 m/kg)42-45 may be more or equally effective than
ectal DZP (0.2-0.5 mg/kg). However, if IV access is already
vailable or can be established quickly, then an IV infusion of
ZP (0.2-0.3 mg/kg)35 or lorazepam (LZP) (0.1 mg/kg)13

ay be preferable. A prospective randomized controlled trial
f 178 children with SE showed that LZP (0.1 mg/kg) was as
afe and effective as DZP (0.2 mg/kg) and PHT (18 mg/kg)
ombined,46 so LZP may be the preferred IV medication.

econd-Line Management
lthough initial benzodiazepine management is effective in a

arge number of patients, many have persisting seizures and
equire additional medications. For example, a retrospective,
ulticenter descriptive study of 542 convulsive SE episodes

eported that first-line treatment was effective in only 42%.29

second retrospective study of 154 children with SE re-
orted that SE was terminated by a first line benzodiazepine

n only 39%, and 46% continued seizing despite first and
econd line medications.14 A recent survey of pediatric emer-
ency medicine physicians reported that PHT was chosen as
he second-line agent by 88% of respondents.33 This is con-
istent with other surveys that targeted neurologists.47 Third-
nd fourth-line agents were more variable and included pheno-
arbitone, thiopentone, paraldehyde (not available in the
nited States), and MDZ.33 A number of recent case series have

uggested that valproate sodium17,48-52 and LEV53-60 may be use-
ul second- or third-line agents.

HT and Fosphenytoin
HT or fosphenytoin (FOS) (the water-soluble prodrug of
HT) are effective in terminating early SE. A single-center,
pen-label, descriptive cohort study of 122 children man-
ged using an SE protocol involving MDZ (0.1 mg/kg IV
ollowed later by continuous infusion if needed) and PHT (20

g/kg) reported seizure termination in 89%, and SE etiology

id not impact the intensity of anticonvulsant treatment n
eeded to terminate SE.61 A randomized controlled study of
78 children with SE reported that a combination of DZP and
HT terminated SE in 100% of children, which was equal in
fficacy to LZP.46

Fosphenytoin dose, solution concentration, and infusion
ates are expressed as phenytoin equivalents (PE). IV FOS
ay be administered more rapidly than PHT (maximum of

50 mg PE/min or 3 mg PE/kg/min in children vs 50 mg/min
n adults or 1 mg/kg/min in children) and, thus, despite the
eed for conversion from the prodrug, it is expected to reach
herapeutic concentrations in the brain in the same amount
f time as PHT (about 15 minutes).
Cardiac arrhythmias are rare but may occur with PHT or

OS,62 usually with more rapid administration. If IV infiltra-
ion occurs, FOS is associated with less tissue injury than
HT. Although PHT and FOS are effective in treating most
ypes of SE, they may be ineffective in treating SE related to
eneralized epilepsy, such as absence status (spike wave stu-
or) and myoclonic SE. Critically ill children may have toxic
ree levels of PHT despite normal total levels, suggesting that
n some patients free levels must be followed.63 Drug inter-
ctions must be considered because PHT and FOS interact
ith many medications commonly used in critically ill chil-
ren.64

henobarbital
henobarbital (PB) is commonly used as a first-line agent to
reat neonatal seizures and SE65 and is often considered a
hird- or fourth-line drug in pediatric SE algorithms. How-
ver, there has been little rigorous study of PB in SE manage-
ent. A prospective, randomized, nonblinded study of 36

hildren with SE indicated that PB monotherapy terminated
eizures in 11 of 18 children and was faster than a combina-
ion of DZP and PHT (5 vs 9 minutes), with similar frequen-
ies of intubation, hypotension, and arrhythmia.66 Retro-
pective case series have reported that high-dose PB may be
seful in RSE management.67-70 The major limitation of the
se of PB is the potential for sedation, respiratory depression,
nd hypotension.

alproate Sodium
alproic acid (VPA) is a broad-spectrum anticonvulsant and
as been reported to be safe and highly effective in terminat-

ng SE17,48-50 and RSE51,52 without adverse effects. A retro-
pective case series of 18 children with SE reported that a
oading dose of VPA (25 mg/kg) terminated seizures in 100%
ithin 20 minutes without adverse effects.48 A retrospective

ase series of 17 children with a seizure indication (but not
ecessarily SE) used a loading dose (mean, 28.5 mg/kg) fol-

owed by a continuous infusion (1 mg/kg/h) and reported
eizure termination in 65% without adverse effects.49 A pro-
pective, single-center, open-label study described 48 pa-
ients (5 younger than 15 years) with SE refractory to DZP
nd phenobarbitone and reported that IV VPA (30 mg/kg)
erminated seizures in 87.5% of patients within 1 hour; none
ecurred in the next 12 hours, and no adverse effects were

oted.50 A prospective randomized study of adults and chil-



d
c
f
T
e

c
c
(

172 N.S. Abend, A.M. Gutierrez-Colina, and D.J. Dlugos
ren (median age, 27 years) with SE refractory to IV DZP
ompared IV VPA (20 mg/kg) with IV PHT (20 mg/kg) and
ound no difference in seizure termination (88% vs 84%).
here was no significant difference in the number of adverse
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hildren with RSE reported that a VPA load of 20 to 40 mg/kg
ollowed by a 5-mg/kg/h infusion terminated RSE in 78%,
ith 66% terminating within 6 minutes. Higher efficacy was
oted with higher loading doses (30-40 mg/kg). No adverse
ffects were reported.51 A prospective, randomized open-la-
el study of 40 children with RSE compared IV VPA (30
g/kg loading dose followed by another 10 mg/kg in 10
inutes followed by an infusion of 5 mg/kg/h) and DZP

infusion started at 10 �g/kg/min and increased to a maxi-
um of 100 �g/kg/min) and showed that seizures were ter-
inated in 80% with VPA and 85% with DZP. RSE was

ontrolled more quickly with VPA than DZP (5 vs 17 min-
tes) and was not associated with adverse effects.52

Larger studies in adults have also shown the utility of VPA
n SE management. Several studies have compared VPA and
HT in adults with SE or acute repetitive seizures and have
hown that VPA was more effective71 or equally effective17,72

o PHT and may have fewer adverse effects.72

Although VPA is often loaded slowly (�20 mg/min), re-
ent studies have shown that faster infusion may be safe. A
rospective safety study in 18 children reported that when
PA was administered intravenously at 1.5 to 11 mg/kg/min,
patient experienced burning pain with infusion but there
ere no severe infusion site complications. There were no

rrhythmias, bradycardias, or hypotensive episodes noted.73

prospective safety study of 40 adults with epilepsy (not
ctively seizing) administered a faster infusion (6-10 mg/kg/
in) and showed that even though infusion site pain, burn-

ng, and paresthesias occurred in 81% of subjects, they only
asted several minutes and were not associated with signs of
edness, irritation, or phlebitis. There were no changes in vital
igns or in the level of consciousness.74 VPA has not been asso-
iated with changes in blood pressure or heart rate in chil-
ren.17,48-52 A retrospective case series reported that even in pa-
ients with known cardiovascular instability VPA loading
ppeared to be safe.75 VPA rarely causes thrombocytopenia or
epatotoxicity,76 but this has not been reported after a first load-

ng dose.

evetiracetam
EV is a broad-spectrum anticonvulsant and although there
ave been no prospective studies comparing LEV with other
nticonvulsants, a growing number of retrospective, single-
enter, open-label case series and case reports have provided
ncreasing evidence that LEV may be safe and effective for
reating both SE and acute repetitive seizures in children.53-60

he first series described 32 children treated with IV LEV (50
g/kg over 15 minutes) for acute seizures (16 with SE) and

eported that all patients had seizure termination within 25
o 30 minutes of infusion. This included 59% of patients who
ad seizures refractory to FOS. There were no immediate
dverse effects.60 The second series reported 10 children who
eceived IV LEV for non-convulsive SE (NCSE), RSE, or acute
epetitive seizures using loading doses of 6.5 to 31 mg/kg and
eported NCSE termination in 2 of 2 with NCSE secondary to
ypoxic ischemic encephalopathy, acute repetitive seizure

ermination in 4 of 4, and temporary (12-24 hours) seizure H
ermination in 3 children with RSE. No patients experienced
ypotension, hypertension, bradycardia or tachycardia, rash,
r respiratory compromise.53 The third series reported 10
hildren who received IV LEV and described SE termination
n 1, SE improvement in 1, and acute repetitive seizure ter-

ination in 2 without any adverse effects.58 The fourth series
f children who received LEV (IV in 6 and nasogastric in 5) at
tarting doses of 1 to 70 mg/kg (mean, 30 mg/kg) for RSE
escribed that with a median latency of 1.5 days, 45% either
ad resolution of RSE or could at least be weaned from con-
inuous infusions with a median latency of 1.5 days without
dverse effects. All responders received at least 30 mg/kg/d.57

ase reports in children have also shown that LEV resulted in
mprovement in NCSE,55,56,77 myoclonic SE,59 migrating par-
ial seizures of infancy,78 and neonatal RSE.54

LEV clearance is dependent on renal function, and main-
enance dosage reduction is recommended in patients with
enal impairment. LEV completely avoids hepatic metabo-
ism, which may be beneficial in critically ill patients with
iver dysfunction or metabolic disorders or in patients at risk
or drug interactions. In comparison with other IV anticon-
ulsants, LEV has few known adverse effects, including a low
isk of sedation, cardiorespiratory depression, or coagulopa-
hy, and is thus potentially useful in critically ill children. As
escribed earlier, recent small retrospective case series of IV
EV in critically ill children have reported no adverse ef-
ects,53,57,58,60 and this is consistent with larger studies of
ritically ill adults.79-84 A prospective safety study in children
nd young adults with epilepsy (not actively seizing) who
eceived IV LEV boluses of 20, 40, and 60 mg/kg over 5 to 6
inutes found no significant changes in blood pressure, no

ocal infusion site reactions, and no electrocardiogram abnor-
alities. These rapid loading doses achieved serum levels of
ore than 100 mg/mL.85 There are rare case reports of ele-

ations in liver enzymes,82 fulminant hepatic failure,86 and
hrombocytopenia.84,87

onclusions
E is a common medical emergency. There is increasing ev-
dence that early intervention improves response to treat-

ent and outcome. This necessitates the development of out-
f-hospital management plans and the implementation of
apid in-hospital management algorithms. Benzodiazepines
re considered the first-line medication for SE. If IV access is
vailable, LZP or DZP are appropriate choices although some
ata favor the use of LZP. If IV access is not available, then the
se of nasal, buccal, or rectal benzodiazepines is appropriate.
lthough PHT is generally considered the second-line med-

cation, there is growing evidence that other anticonvulsants
ay be good alternatives. A prospective study of second-line
edications is needed to better define the roles of PHT, VPA,

nd LEV in SE management. Although definitive data regard-
ng the optimal management approach to pediatric SE are
acking, the development of organized management algo-
ithms using available data should improve management.
he current SE management algorithm used at the Children’s

ospital of Philadelphia, Philadelphia, PA, for convulsive SE
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174 N.S. Abend, A.M. Gutierrez-Colina, and D.J. Dlugos
n children aged 1 month to 18 years is provided (Fig 1) and
s similar to algorithms proposed by physicians at other large
ediatric centers.5,12
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