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ABSTRACT

The choice and route of administration of benzodiazepines for the treatment of acute status epilep-
ticus (SE) in both prehospital and emergency department (ED) settings often vary by provider
and institution. Prehospital and ED care often involves intramuscular, intravenous, or rectal admin-
istration of these medications. Diazepam, lorazepam, and midazolam are available as parenteral
formulations in the United States. A literature review of clinical trials and SE treatment guidelines
was conducted in an attempt to identify which benzodiazepine and route are the best treatment
option for adult patients with SE. For initial treatment of SE in adults, intravenous lorazepam is
the recommended drug of choice. However, evidence suggests that intramuscular midazolam
has at least equal efficacy in prehospital settings and may be more appropriate for use in this
environment. Despite the support of multiple clinical trials and treatment guidelines, inconsisten-
cies in the treatment of acute SE continue to occur in both the prehospital and ED settings.
Key words: benzodiazepine, seizure, status epilepticus

NE MILLION emergency depart-
ment (ED) visits annually in the
United States are due to seizure
activity, accounting for 1% of total ED vis-
its (Pallin, Goldstein, Pelletier, Green, & Ca-
margo, 2008). Although the majority of these
are selfllimiting, 120,000-200,000 of these
cases are status epilepticus (SE; Lowenstein,
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20006). Status epilepticus is a seizure event
lasting more than 5 min, or repeated seizure
activities for more than 5 min without full re-
covery of neurological status between events
as defined by the Neurocritical Care Soci-
ety (NCCS) (Brophy et al., 2012). It often
presents as generalized tonic-clonic move-
ments or rhythmic jerking of the extremities
and is associated with mental status impair-
ment. Nonconvulsive, or “subtle SE,” can also
occur and may present as fine motor move-
ments or tremors that can be best diagnosed
on an electroencephalogram (EEG).

Status epilepticus carries a 19%-27% mor-
tality rate and a strong association with poor
outcomes (Brophy et al., 2012). Survival is
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improved with a shorter duration of seizure
activity, suggesting the importance of urgent
seizure cessation (Drislane et al., 2009). Pro-
longed length of seizure time is also associated
with poor functional outcomes, and patients
who receive insufficient therapy have higher
mortality rates (Brophy et al., 2012). This
phenomenon is commonly described as that
“time is brain.” Neuroprotective measures are
essential for the initial cessation of seizure
activity, and providers must be aware of the
most efficacious medications and routes of ad-
ministration that are available.

The choice of therapy for the initial
treatment of acute SE is widely variable in
the United States (Cook et al., 2012). Ben-
zodiazepines are recommended as the initial
treatment option by experts, although the
evidence for the specific drug and route of ad-
ministration is limited (Brophy et al., 2012). In
fact, a survey of international experts revealed
that there was not a unanimous agreement on
any of three simulated patient cases (Riviello
et al., 2013). Because no clear standard ex-
ists, selection of the particular agent should
account for ease of administration, care en-
vironment (i.e., prehospital vs. in-hospital),
and drug characteristics. To elucidate these
differences, we undertook a review of the
available options and evidence for use in adult
patients.

ROUTES OF ADMINISTRATION

Acute seizure activity is usually accompanied
by altered mental status and/or motor deficits
that render oral administration of rescue med-
ication impossible. Treatment of acute SE
therefore requires the use of medications that
do not need to be swallowed. Several benzodi-
azepines are available that meet this criterion
and have been tested with a number of nono-
ral routes. In the United States, diazepam, lo-
razepam, and midazolam are all available in a
sterile solution that can be given via either
intravenous or intramuscular injection (Na-
tional Institutes of Health, 2014). Diazepam
is also available as a Food and Drug Adminis-
tration (FDA)-approved gel for rectal admin-

istration, although in theory the injectable
formulations could also be given rectally.
Clonazepam is available in quick-dissolving
wafers that can be placed in the mouth and
absorbed via buccal membranes (Meierkord
et al., 2010). Intranasal administration of mi-
dazolam has also been shown effective for
achieving control of seizures when adminis-
tered as the concentrated injectable formula-
tion via an atomizer device (Wolfe & McFar-
lane, 20006).

When evaluating route of administration,
it is important to note that when nasal, buc-
cal, rectal, and oral routes are used, the larger
proportion of drug enters the enteric circu-
lation and is metabolized in the liver before
reaching systemic blood (Katzung, Masters,
& Trevor, 2012). This means that dosing must
be adjusted accordingly when compared with
injections and that onset of activity will be de-
layed. However, intranasal and rectal routes
require fewer technical steps and are attrac-
tive options for laypersons and prehospital
providers.

Intramuscular administration of benzodi-
azepines leads to more rapid systemic levels of
medication than those given via oral, enteric,
and rectal routes because the drug bypasses
the first-pass metabolism in the liver (Katzung
etal., 2012). Lorazepam has a slower distribu-
tion from muscle tissue than midazolam and
diazepam, which makes it less ideal for admin-
istration via this route (Katzung et al., 2012).
Administration of medication via intramuscu-
lar injection is more practical than achieving
intravenous access in a patient who is seiz-
ing. Commercial autoinjectors containing di-
azepam and midazolam are not yet available
for general medical use in the United States
but are used in military applications as part of
an antidote for nerve gas (National Institutes
of Health, 2014).

Laypersons, family members, and nonmed-
ical caregivers are often involved in the early
care of patients who are seizing, and ready-to-
use formulations are important for success in
these cases. Rectal diazepam gel is currently
the only commercially available nonoral
product.
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DRUG COMPARISON

See Table 1 for a comparison of clinical and
chemical properties of this class of drugs. Ben-
zodiazepines must enter the brain to termi-
nate seizure activity. Regardless of the route
of administration, all drugs in this class cross
the blood-brain barrier readily once they
reach systemic circulation. Although midazo-
lam and diazepam have the highest affinity for
the central nervous system (CNS) based on ob-
served volume of distribution among the par-
enteral agents, their rapid onset of 3-5 min
is followed by a secondary redistribution into
blood and body tissues (Katzung et al., 2012).
This drop in concentrations of cerebrospinal
fluid approximately 30 min after administra-
tion could lead to recurrence of seizure ac-
tivity (Katzung et al., 2012). Lorazepam has a
slightly slower onset due to delayed entry into
the CNS, but secondary redistribution does
not occur, which leads to more prolonged
concentrations in the brain.

Each of these agents is metabolized in the
liver, and metabolites are then excreted in
bile and urine (Brunton, Chabner, & Knoll-
mann, 2011). Among the parenteral agents,
lorazepam is the only compound that is con-
verted directly to inactive metabolites during
its first stage of biotransformation. Diazepam,
midazolam, and clonazepam are all converted
in varying amounts to metabolites that are
also pharmacologically active (Brunton et al.,
2011). Clinically, this can lead to dispropor-
tionately extended duration of activity and in-
creased accumulation with repeat dosing in
patients with diminished liver function be-
cause multiple stages of metabolism are re-
quired to terminate drug activity. As such, lo-
razepam should be preferred in patients with
reduced hepatic function, such as elderly pa-
tients and those with cirrhosis or hepatitis.

Consideration for physical characteristics is
also important in the understanding of drug
delivery. Midazolam is the only agent that is in-
herently soluble in aqueous solution without
requiring the use of concentrated propylene
glycol (Brunton et al., 2011). Concentrated so-
lutions of diazepam and lorazepam are both

viscous and hyperosmolar as a result of this
excipient. The high viscosity makes them less
ideal for use in intranasal atomizer devices,
and the high osmolarity contributes to injec-
tion site pain. Finally, lorazepam injection has
poor chemical stability at room temperature
(McMullan et al., 2013), making storage in am-
bulances and emergency kits logistically chal-
lenging due to lack of refrigeration.

PRIMARY LITERATURE IN ADULTS

In addition to consideration of the physical
and logistical characteristics of each agent, it
is important to evaluate their individual effi-
cacy in patients who are actively seizing. A
search was conducted using CINAHL, MED-
LINE, and Cochrane Library databases on stud-
ies involving benzodiazepine use and routes
of administration for management of acute SE.
All studies through 2014 were reviewed; ex-
clusive pediatric studies and those not pub-
lished in English were excluded. See Table 2
for an overview of the selected studies and
their results. In addition, the most current SE
treatment guidelines in both the United States
and Europe were reviewed.

Leppik et al. (1983) conducted the first
study with a head-to-head comparison of ben-
zodiazepine use in patients with SE. A double-
blind randomized trial was conducted with
81 patients. Patient selection included adults
with convulsive, partial, absence, partial com-
plex, and partial elementary seizure activity.
Those with terminal illness, cardiac arrhyth-
mia, hypotension, metabolic disorders (.e.,
hypoglycemia), childbearing potential, and a
history of sensitivity to benzodiazepines, as
well as those who had received treatment of
SE prior to study referral, were excluded. A
2-ml study drug of either 5 mg of diazepam
or 2 mg of lorazepam was provided in an
amber syringe used to blind the provider.
A second equivalent dose of the same study
drug was provided in the event and a repeat
dose was indicated after 10 min for recurrent
seizures. Most patients were given a loading
dose of phenytoin 30 min after initial treat-
ment regardless of recurrence. Because no
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clinical standard for benzodiazepine admin-
istration existed, it was considered ethically
sound to provide treatment with either di-
azepam or lorazepam. Convulsive SE was de-
fined as three or more generalized seizures
within an hour without recovery, absence sta-
tus as confused state with spikes on an EEG,
partial complex status as confused with clin-
ical seizures and/or EEG spikes, and elemen-
tary status as partial seizures without loss of
consciousness. Retrospectively, only 70 pa-
tients fit all criteria and were selected for
study; 33 were treated with diazepam and
37 with lorazepam, with no statistical differ-
ence in age or type of seizure. Seizure activ-
ity ceased with a single dose of diazepam in
58% of 33 episodes compared with 78% of
37 episodes after lorazepam administration,
which did not reach statistical significance.
In patients with recurrent seizures requiring
a second dose, six of 13 patients in the di-
azepam group experienced seizure cessation
versus four of eight patients in the lorazepam
group, also not reaching statistical signifi-
cance. Overall, treatment with diazepam was
successful 76% of the time in patients who
were given either one or two doses and 89%
of the time in patients treated with lorazepam.
There was no significant difference noted in
the onset of action, measured by the time the
drug was given until the time of seizure ces-
sation. Adverse effects were also studied be-
tween the two groups including respiratory
depression/arrest, sedation, and hypotension,
which were similar between the groups in
approximately 12% of patients. Although the
comparison of efficacy between intravenous
diazepam and lorazepam did not reach sta-
tistical significance, Leppik et al. (1983) con-
cluded that lorazepam was “at least as effec-
tive as diazepam in the initial treatment of SE”
(p- 1454). A recommendation was made for
further clinical experience to determine if lo-
razepam should replace diazepam for initial
treatment. Patient characteristics and comor-
bidities were not well matched among the
treatment arms as the authors mentioned that
several patients in the lorazepam group had
significant comorbidities; such matching is-

sues are common among research involving
emergency interventions. Although it was a
small sample size, this double-blind study was
a welcome addition to the medical literature
and sparked the conversation of alternate ben-
zodiazepine use in patients with SE.

To follow, Treiman et al. (1998) conducted
a large-scale, multicenter, double-blind study
on patients with SE at 16 Veterans Affairs hos-
pitals and six university hospitals between
1990 and 1995. Patients were considered to
be in SE that presented with seizure activ-
ity for more than 10 min or two or more
generalized convulsive seizures without any
full recovery in between. Patients in sub-
tle SE who were in a persistent comatose
state with ictal changes on the EEG with or
without convulsive movements were also in-
cluded in the study. Patients younger than 18
years, those who were pregnant, those requir-
ing surgical intervention, and those with spe-
cific contraindications to the administration
of benzodiazepine use were excluded. Blood
work was obtained prior to administration
to screen for antiepileptic drugs. Drug kits
containing lorazepam, phenobarbital, pheny-
toin, and diazepam followed by phenytoin
were numbered randomly and distributed to
several locations within the treatment sites.
Patients selected for the study were treated
with the lowest numbered treatment kit at
the closest location. Each drug kit was iden-
tical and contained three treatment boxes in
the event that repeat treatment was needed.
Continuous EEG monitoring was performed
if available, as well as frequent vital signs and
documentation of level of consciousness and
seizure activity. Treatment was considered
successful if seizure activity ceased within
20 min of treatment and there was no re-
currence at 20-60 min posttreatment. A to-
tal of 518 patients were studied, the major-
ity of them being male veterans with a mean
age of 58 years. A total of 384 patients pre-
sented with convulsive SE and 134 with sub-
tle SE. Drug dosage, drug serum concentra-
tion, length of drug infusion time, drug side
effects, and treatment outcome (successful
or unsuccessful) were all recorded for each
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patient. A variation was found in the fre-
quency of successful treatment among the
four treatments studied. Lorazepam was suc-
cessful in 52.2% of patients, phenobarbital
in 49.2%, diazepam followed by phenytoin
in 43.1%, and phenytoin alone in 36.8%. A
paired comparison between lorazepam and
phenobarbital revealed lorazepam to be effec-
tive more often with a statistically significant
p value of 0.001. Recurrence of SE was noted
in 11% of patients, and there were no signif-
icant differences in the rates of recurrence
among the four treatments. Side effects were
evaluated, and although hypotension requir-
ing treatment occurred more in the subtle SE
group, there was no significant difference in
side effects among the four treatments. Out-
comes 30 days posttreatment were evaluated;
the subtle SE group had a higher mortality
and inpatient hospitalization rate, but no sig-
nificant differences between the four treat-
ment groups were appreciated. The authors
concluded their study with the recommenda-
tion of using intravenous lorazepam for initial
management of patients with SE because it
was the most effective drug in paired com-
parisons and took the least amount of time
to infuse. Regardless of which drug was used,
treatment was only effective in two thirds of
patients; the authors identified this as a need
for the development of more effective thera-
pies. The population studied was lacking in
variation, being that the majority of patients
were older and male, but the study did have
a large sample size. In addition, the criterion
for SE diagnosis of 20 min or more of seizure
activity is not consistent with more current
guidelines now available. Overall, this was a
well-designed study that provided valuable in-
formation for treatment guidelines and set the
stage for additional studies.

Historically, there has been very little litera-
ture on out-of-hospital treatment; this was ad-
dressed in a 2001 study comparing lorazepam,
diazepam, and placebo for the treatment of
SE in the prehospital setting (Alldredge et al.,
2001). This randomized, double-blind trial in-
vestigated not only a comparison of the two
different benzodiazepines but also the effi-

cacy and safety of treating patients with SE
prior to hospital arrival. Paramedics of the San
Francisco Department of Public Health and 10
area hospitals were involved in the trial. Be-
tween 1994 and 1999, 205 adult patients pre-
senting with tonic-clonic seizure activity in
SE were enrolled in the study. Status epilep-
ticus in this particular study was defined as
“continuous or repeated seizure activity for
more than five minutes without recovery of
consciousness” (p. 632). For the study, we
excluded patients with concurrent bradycar-
dia, hypotension, atrioventricular blocks, or
asthma or chronic obstructive pulmonary dis-
ease, pregnant patients, patients with tach-
yarrhythmias, and patients with a history of
or sensitivity to benzodiazepine use. Each pa-
tient enrolled in the study received 5 mg of
diazepam, 2 mg of lorazepam, or placebo in-
travenously. Because of the fact that delay-
ing treatment until ED arrival was routine
practice at that time, administering placebo
was not considered to be an ethical concern.
For recurrent or continued seizures, a sec-
ond dose was given after 4 min. The study
kits contained identical contents and colored
glass syringes to ensure blinding. Open-label
diazepam was available in the event of a life-
threatening situation. Paramedics recorded
the presence of seizure activity, level of con-
sciousness, respiratory status, and cardiovas-
cular function every 5 min. Seizure cessation
prior to arrival in the ED was the primary
outcome measured, which was determined
by clinically evident seizures or those wit-
nessed on the EEG in a comatose patient. Sec-
ondary outcomes included duration of SE, out-
of-hospital and transfer complications, neuro-
logical outcome and discharge, and disposi-
tion of the patient from the ED. Demograph-
ics among the three treatment groups did not
vary significantly. Status epilepticus was ter-
minated prior to arrival in the ED in 59% of
patients in the lorazepam group, 43% in the di-
azepam group, and 21% in the placebo group.
The odds ratio indicated that seizure cessation
was more likely with lorazepam and diazepam
than that with placebo and favored lorazepam
over diazepam but did not reach significance.
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It was also noted that the duration of SE was
shorter in the lorazepam group than in both
the placebo and diazepam groups, but it only
reached significance when lorazepam versus
placebo was compared. Out-of-hospital com-
plications including respiratory or cardiovas-
cular compromise occurred in 10% of patients
in both the lorazepam and diazepam groups
and 23% of the placebo group. In addition,
patients with seizure cessation prior to arrival
in the ED had a much lower rate of admis-
sion to the hospital (73% vs. 32%). Alldredge
et al. (2001) concluded that the trial pro-
vided clear evidence that intravenous benzo-
diazepine use is safe and effective in the pre-
hospital setting and lorazepam was favored
over diazepam. Also of note, the incidence
of complications such as respiratory or car-
diovascular compromise was actually lower
in patients treated with benzodiazepines than
those treated with placebo despite the known
side effects of cardiorespiratory depression
with benzodiazepine use. This trial was im-
portant because it encouraged the use of
antiepileptics for the prehospital treatment of
SE—a change from the previously common
practice of delaying treatment until arrival in
the ED.

Another prehospital trial was conducted in
2012, referred to as RAMPART (Rapid Anti-
convulsant Medication Prior to Arrival Trial).
Designed and conducted by the Neurological
Emergencies Treatment Trials network and
funded by the National Institute of Neuro-
logical Disorders and Stroke (NINDS), it was
one of the first double-blind randomized trials
of its kind (Silbergleit et al., 2012). This trial
was part of an investigational new drug ap-
plication with the FDA in which the Depart-
ment of Defense (DOD) provided autoinjec-
tors with active medication and placebo to
the NINDS, although the DOD played no role
in the study itself. RAMPART was a massive
trial across the United States involving 4,314
paramedics, 33 emergency medical services
agencies, and 79 receiving facilities. The study
subjects included both pediatric patients of 13
kg or more and adults presenting in SE in the
prehospital setting. The definition of SE used

for the purpose of the study was convulsive
seizures at the time of treatment, with con-
tinuous seizure activity for greater than 5 min
as reported by reliable witnesses, or having
intermittent seizures without regaining con-
sciousness for more than 5 min. Patients with
an acute precipitant of seizure such as ma-
jor trauma, hypoglycemia, cardiac arrest, or
heart rate less than 40 beats/min were ex-
cluded, as well as those with known allergies
to benzodiazepines, those with known preg-
nancies, and prisoners. A total of 893 subjects
were enrolled between 2009 and 2011, and
the two treatment groups were well balanced
in terms of demographics, clinical presenta-
tion, and diagnosis. Study kits were provided
to all participating paramedics containing two
drug bundles each consisting of an investiga-
tional intramuscular midazolam autoinjector
and a prefilled intravenous syringe. Adults and
children weighing more than 40 kg received
either 10 mg of intramuscular midazolam fol-
lowed by intravenous placebo or intramuscu-
lar placebo followed by 4 mg of intravenous
lorazepam. Subjects in both groups initially re-
ceived the autoinjector, followed by the intra-
venous injection after venous or intraosseous
access was achieved. The study boxes con-
tained voice recorders that were used to
track oral statements from the paramedics
describing the time of intramuscular admin-
istration, when intravenous access was es-
tablished, when the intravenous study drug
was given, whether any rescue treatments
were given, when convulsions ceased, and
whether convulsions were still present upon
arrival to the ED. The primary outcome mea-
sured was cessation of seizure activity prior to
ED arrival without rescue medication, which
was determined by the clinical judgment of
the ED physician upon physical examination
of the patient. Secondary outcomes included
time from study-box opening to seizure ces-
sation, time from active drug administration
to seizure cessation, frequency and duration
of hospitalization, admissions to the inten-
sive care unit (ICU), frequency of endotra-
cheal intubation within 30 min of arrival to
the ED, and acute seizure recurrence. The
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NINDS hypothesized that the intramuscular
midazolam group would not be inferior to
that of the intravenous lorazepam group by
more than a prespecified amount. Secondary
outcomes were compared using a two-sided
test in a superiority framework. Prior to ar-
rival to the ED, 74% of patients who had re-
ceived intramuscular midazolam had seizure
cessation versus 64% of patients who had
received intravenous lorazepam, with p val-
ues of less than 0.001 for noninferiority and
superiority. Notably, a larger proportion of
subjects in the intravenous lorazepam group
never received the study medication due to
difficulty obtaining venous access: 31 subjects
versus five subjects in the intramuscular mi-
dazolam group. With regard to the secondary
outcomes, the frequency of intubation, length
of stay, ICU admission, recurrent seizures, and
other safety outcomes were similar between
the two groups. Rates of discharge from the
ED were higher and rates of admission were
lower in the intramuscular midazolam group,
reaching statistical significance with a p value
of 0.01. It was also noted that the time to
administration was lower in the intramuscu-
lar midazolam group, but onset of action was
lower in the intravenous lorazepam group.
Overall, the NINDS concluded that its hypoth-
esis was correct that intramuscular midazo-
lam is at least as effective as intravenous lo-
razepam in subjects with SE. This is at least,
in part, due to the difficulty in obtaining in-
travenous access in a patient actively seizing
in a prehospital environment. In addition, lo-
razepam has poor stability in unrefrigerated
conditions compared with midazolam, which
added impetus to the study. Challenges in the
prehospital setting, paired with the equal effi-
cacy and safety of midazolam and lorazepam,
led to the recommendation by the NINDS
for intramuscular midazolam as an alternative
to the intravenous route in prehospital care.
This study was limited to patients presenting
in convulsive SE alone—Future trials may in-
clude other presentations such as subtle SE.
Limited research exists on rectal adminis-
tration of benzodiazepines for the treatment
of acute seizures in adults. Cereghino, Cloyd,

and Kuzniecky (2002) address this need
in their prospective double-blind, placebo-
controlled parallel trials by the NINDS. A vis-
cous solution of diazepam to be given rectally
was developed in order to allow a layperson
to easily administer it to an individual experi-
encing an acute seizure. To test the efficacy
of this medication, it was compared head-to-
head against a placebo. Subjects included in
this study were those having acute repetitive
seizure (ARS), defined as an episode of multi-
ple complex, partial, or generalized seizures,
and had experienced at least two to four of
these episodes within the past year. The sub-
ject’s caregiver initiated treatment at the time
the ARS episode was identified. Outcomes
measured included seizure frequency, time to
next seizure, and the caregiver’s overall evalu-
ation of the outcome. Adverse events such as
respiratory depression were also recorded, as
determined by the study nurse at a posttreat-
ment visit. Demographic characteristics had
no statistical significance. Ninety-six adults
were enrolled in the study, with 70 patients
experiencing an ARS episode that was treated
with the test medication. Patients in the rectal
diazepam group had proven significant reduc-
tion in seizure frequency, longer duration un-
til the next seizure, and higher incidence of re-
maining seizure free than those in the placebo
group. A higher proportion of patients did
experience adverse events, mainly somno-
lence and dizziness, in the diazepam group
than in the placebo group. These were con-
sidered clinically unimportant. Overall, this
study demonstrated that diazepam rectal gel
is safe and effective in adult patients experi-
encing repetitive seizures and can be easily
administered by nonmedical caregivers.

PEDIATRIC LITERATURE AND
CONSIDERATIONS

A review of pediatric literature is beyond the
scope of this article, but it is important to
note that management approaches should be
the same regardless of the age of the patient.
Weight-based doses are prudent, and dose-
dependent side effects such as respiratory and
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cardiovascular depression should be noted.
Almost the entirety of data regarding the use
of intranasal midazolam for the management
of seizure is published in pediatric literature.
Wolfe & MacFarlane (2006) reviewed the ev-
idence for intranasal midazolam in seizure
management and established that it is as effec-
tive as intravenous diazepam and is both more
effective and more socially acceptable than
rectal diazepam. Expert guidelines also rec-
ommend administration of empirical pyridox-
ine because in the presence of a rare genetic
syndrome known as pyridoxine-dependent
epilepsy, seizures may not respond to stan-
dard treatments (Brophy et al., 2012).

TREATMENT GUIDELINES

The 2012 NCCS guidelines for the evaluation
and management of SE addressed the need
for “emergent, targeted treatment to reduce
patient morbidity and mortality” as well as
the continued controversy on type of treat-
ment (Brophy et al., 2012). They described
the treatment of SE in three phases: emergent
initial, urgent, and refractory therapies. The
clear-cut definition of SE, as stated formerly,
was developed in an attempt to avoid confu-
sion by providers leading to undertreatment
of patients presenting with SE. In addition,
patients should be classified as either convul-
sive or nonconvulsive, and an attempt to iden-
tify the etiology of the seizure activity must
be made emergently and corrected if pos-
sible. The NCCS considers benzodiazepines
as the recommended emergent initial treat-
ment, with intravenous lorazepam being the
preferred agent if available. Midazolam is the
preferred medication for intramuscular injec-
tion and diazepam for rectal administration.
The guidelines recognize that there are no
controlled trials for optimal dosage ranges
but do suggest initial doses of 0.1 mg/kg of
lorazepam intravenously, 0.15 mg/kg of di-
azepam intravenously, and 0.2 mg/kg of mida-
zolam intramuscularly (Brophy et al., 2012).
Additional management of patients with SE
should include supportive measures if respi-
ratory depression or hypotension occurs.

The European Journal of Neurology pub-
lished SE management guidelines in 2010,
which reaffirm the need for immediate and
effective treatment (Meierkord et al., 2010).
However, the recommended treatment path-
way slightly differs from that of the NCCS.
Again, benzodiazepines are recognized as the
drug class of choice for initial management
of SE. A starting dose of 0.1 mg/kg of lo-
razepam, which can then be repeated after 10
min if needed, is recommended (Meierkord et
al., 2010). However, in some European coun-
tries such as France, intravenous lorazepam
is not available. In this situation, the guide-
lines recommend 10 mg of diazepam directly
followed by 18 mg/kg of phenytoin. For pre-
hospital use, there is no preference stated and
either 2 mg of intravenous lorazepam or 5 mg
of intravenous diazepam can be given. No-
tably, these recommendations were written
before the completion of the RAMPART trial
that specifically evaluated prehospital treat-
ment of SE.

NONBENZODIAZEPINE TREATMENTS

Once benzodiazepines have been adminis-
tered for emergent treatment of SE, patients
are typically given additional antiepileptics
as either maintenance therapy for epilepsy
management or an escalation in therapy to
halt continued seizures. Almost all patients
receive two drugs in the initial phase of treat-
ment for SE, and the NCCS refers to these
second-agent therapies as the “urgent treat-
ment” phase of care (Brophy etal., 2012). Sim-
ilar to benzodiazepine research, large-scale
and high-quality evidence is limited with re-
gard to the particular agent of choice. Leve-
tiracetam, phenytoin, phenobarbital, and val-
proate sodium all earned Class IIb recommen-
dation evidence (Brophy et al., 2012). In cases
refractory to initial treatment, propofol, gen-
eral anesthetics, and pentobarbital are recom-
mended by the NCCS, with mechanical venti-
lation as necessary to achieve seizure control.
The guiding principle for management should
focus on a standardized protocol-based ap-
proach that escalates until seizures are halted.
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CONCLUSION

Status epilepticus carries both high mortal-
ity and morbidity rates, and early interven-
tion to halt seizure activity is the first priority
of care, even to the point where aggressive
medication use is recommended despite the
risk of requiring respiratory or cardiovascu-
lar support as a result of antiepileptic admin-
istration. Benzodiazepines are recommended
universally as the first-line therapy to address
acute SE, and the choice of agent and route
should account for drug properties, techni-
cal requirements, and comparative efficacy.
In the prehospital setting, intramuscular in-
jections of midazolam can be considered first-
line therapy due to its effectiveness in a large-
scale clinical trial along with practicality and
drug properties that make it most suitable
for this environment, particularly if autoinjec-
tors are made widely available. When intra-
venous access is available, the literature sug-
gests that lorazepam shows the best efficacy
for seizure cessation while providing consis-
tent CNS concentrations along with a favor-
able safety profile. Continued research should
focus on drugs or combinations of drugs that
achieve consistent cessation of seizure activ-
ity. In addition, limited data exist to describe
the effect of drug selection on long-term out-
comes in these patients. Because of evidence
of low rates of respiratory and cardiovascu-
lar compromise with benzodiazepine use in
SE, it may be worthwhile to conduct research
on higher doses of benzodiazepine use in an
effort to increase efficacy.
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