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ABSTRACT

BACKGROUND
The choice of drugs for patients with status epilepticus that is refractory to treatment
with benzodiazepines has not been thoroughly studied.

METHODS

In a randomized, blinded, adaptive trial, we compared the efficacy and safety of three
intravenous anticonvulsive agents — levetiracetam, fosphenytoin, and valproate — in
children and adults with convulsive status epilepticus that was unresponsive to treat-
ment with benzodiazepines. The primary outcome was absence of clinically evident
seizures and improvement in the level of consciousness by 60 minutes after the start
of drug infusion, without additional anticonvulsant medication. The posterior proba-
bilities that each drug was the most or least effective were calculated. Safety outcomes
included life-threatening hypotension or cardiac arrhythmia, endotracheal intubation,
seizure recurrence, and death.

RESULTS

A total of 384 patients were enrolled and randomly assigned to receive levetiracetam
(145 patients), fosphenytoin (118), or valproate (121). Reenrollment of patients with a
second episode of status epilepticus accounted for 16 additional instances of random-
ization. In accordance with a prespecified stopping rule for futility of finding one drug
to be superior or inferior, a planned interim analysis led to the trial being stopped. Of
the enrolled patients, 10% were determined to have had psychogenic seizures. The
primary outcome of cessation of status epilepticus and improvement in the level of
consciousness at 60 minutes occurred in 68 patients assigned to levetiracetam (47%;
95% credible interval, 39 to 55), 53 patients assigned to fosphenytoin (45%; 95% cred-
ible interval, 36 to 54), and 56 patients assigned to valproate (46%; 95% credible inter-
val, 38 to 55). The posterior probability that each drug was the most effective was 0.41,
0.24, and 0.35, respectively. Numerically more episodes of hypotension and intubation
occurred in the fosphenytoin group and more deaths occurred in the levetiracetam
group than in the other groups, but these differences were not significant.

CONCLUSIONS
In the context of benzodiazepine-refractory convulsive status epilepticus, the anticon-
vulsant drugs levetiracetam, fosphenytoin, and valproate each led to seizure cessation
and improved alertness by 60 minutes in approximately half the patients, and the three
drugs were associated with similar incidences of adverse events. (Funded by the
National Institute of Neurological Disorders and Stroke; ESETT ClinicalTrials.gov
number, NCT01960075.)
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VIDENCE SUPPORTS THE USE OF BENZO-

diazepines as the initial treatment for

status epilepticus’3; however, seizures do
not respond to benzodiazepines in up to a third
of patients. The treatment for this type of benzo-
diazepine-refractory status epilepticus has not
been well studied.® Of the three medications
most commonly used to treat benzodiazepine-
refractory status epilepticus — levetiracetam,
fosphenytoin, and valproate*” — only fospheny-
toin is labeled by the Food and Drug Adminis-
tration (FDA) for this indication in adults, and
none has been approved for children.

Early termination of convulsive status epilep-
ticus decreases the risk of cardiac and respira-
tory complications® and is associated with a re-
duced risk of admission to an intensive care unit
(ICU)*? and decreased mortality among children.?
Convulsive and nonconvulsive status epilepticus
are also associated with neuroimaging evidence
of brain injury in humans and with neuronal
loss in experimental models.”' Clinical guide-
lines emphasize the need for rapid control of
benzodiazepine-refractory status epilepticus but
do not provide guidance regarding the choice
of medication on the basis of either efficacy or
safety.®” We performed a randomized clinical
trial to determine the superiority or inferiority of
the three commonly used anticonvulsant medi-
cations with regard to treatment success among
patients with status epilepticus in the emergency
department.

METHODS

TRIAL OVERSIGHT

The Established Status Epilepticus Treatment Trial
(ESETT) was an investigator-initiated, multicenter,
randomized, blinded, comparative-effectiveness
trial of levetiracetam, fosphenytoin, and valpro-
ate for the treatment of patients with established
status epilepticus in the emergency department.
The trial was developed through a program fund-
ed by the National Institutes of Health and the
FDA and was conducted by the Neurological
Emergencies Treatment Trials (NETT) Network
and the Pediatric Emergency Care Applied Re-
search Network (PECARN)." The investigators
were responsible for the trial design, data collec-
tion, and data analysis. The authors wrote the
manuscript and vouch for the accuracy and
completeness of the data and reporting of ad-

verse events and for the fidelity of the trial to
the protocol, available with the full text of this
article at NEJM.org. The trial was performed
under an Investigational New Drug application
with the FDA.

The trial was conducted under the exception
from informed-consent requirements for emer-
gency research (FDA regulation 21 CFR 50.24").
The institutional review boards for all participat-
ing institutions approved the protocol after con-
sultation with the local community and public
disclosure. Patients or their legally authorized
representatives were notified about enrollment
in the trial by the research team as soon as pos-
sible, usually while the patient was still in the
emergency department, and were asked to pro-
vide written informed consent for continued
data collection through the end of the trial.

Patients were enrolled at 57 hospital emer-
gency departments across the United States.
Sites included academic medical centers and com-
munity hospitals; 18 sites enrolled only children,
26 sites enrolled only adults, and 13 sites enrolled
both. Emergency department clinical teams,
including pharmacists, nurses, and physicians,
were provided training in the trial protocol and
continuing medical education in the manage-
ment of seizures, and refresher protocol training
was provided throughout the trial.

ELIGIBILITY CRITERIA

Patients were eligible for participation if they
were 2 years of age or older, had been treated
with a generally accepted cumulative dose of
benzodiazepines for generalized convulsive sei-
zures lasting more than 5 minutes, and contin-
ued to have persistent or recurrent convulsions
in the emergency department at least 5 minutes
after the last dose of benzodiazepine (to provide
sufficient time for the drug at this dose to act)
and no more than 30 minutes after the last dose
of benzodiazepine (to avoid enrolling patients
for whom readministration of benzodiazepines
would have been appropriate). The seizure and
its initial treatment with benzodiazepines could
occur before the patient’s arrival in the emer-
gency department.

The minimal adequate cumulative doses of
benzodiazepines were defined as diazepam at a
dose of 10 mg (administered intravenously or
rectally), lorazepam at a dose of 4 mg (adminis-
tered intravenously), or midazolam at a dose of
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10 mg (administered intravenously or intramus-
cularly) for all adults and for children with a
body weight of at least 32 kg; and diazepam at
a dose of 0.3 mg per kilogram of body weight
(administered intravenously or rectally), loraze-
pam at a dose of 0.1 mg per kilogram (adminis-
tered intravenously), or midazolam at a dose of
0.3 mg of per kilogram (administered intramus-
cularly) or 0.2 mg per kilogram (administered
intravenously) for children who weighed less than
32 kg. These drugs may have been administered
in divided doses, including before the patient’s
arrival in the emergency department.

Patients were excluded from the trial for the
following reasons, as determined on arrival in
the emergency department: the acute precipitant
of seizure was major trauma, hypoglycemia,
hyperglycemia, cardiac arrest, or postanoxia; the
patient was pregnant or incarcerated; or the pa-
tient preemptively opted out of this trial by wear-
ing a medical alert tag marked “ESETT declined”
(these tags were made available by the trial when
requested). Patients were also excluded if they
had already been treated for the current episode
of status epilepticus with anticonvulsant agents
other than benzodiazepines or if the trachea was
intubated. We excluded patients with known
allergy or contraindications to any of the trial
drugs, including known inborn metabolic disor-
der, liver disease, or severe renal impairment. The
trial included patients who were taking anticon-
vulsants for the control of seizures. Those patients
were randomly assigned to a treatment group
without regard to the anticonvulsant medica-
tions they were using for long-term treatment.®’

TRIAL TREATMENTS

After determining a patient’s eligibility in the
emergency department, the clinical team ac-
cessed an age-stratified trial “use next” medica-
tion box in proximity to patient care areas in the
emergency department. The medication box was
opened, a protocol assist device was activated,
and the assigned trial drug vial and administra-
tion set were used to prime an intravenous infu-
sion line. The protocol assist device was a mobile
electronic device that was used to automatically
activate the research team, remind treatment
teams about eligibility criteria and protocol inter-
ventions, provide timed alerts, obtain audio re-
cordings of the clinical event, and facilitate un-
masking of the trial drug if required for patient

care. A body weight-based infusion rate was
determined from an enclosed dose-administra-
tion chart with the use of a measured, stated, or
estimated body weight. Alternatively, the infu-
sion rate could be determined from an enclosed
length-based weight-estimation tool for children
for whom an accurate weight was not known.
The trial drug was administered by an infusion
pump programmed with a predetermined rate
over a period of 10 minutes.

Trial-drug vials contained levetiracetam (50 mg
per milliliter), fosphenytoin (16.66 mg phenytoin
equivalents [mgPE] per milliliter), or valproate
(33.33 mg per milliliter). The weight-based infu-
sion rate provided levetiracetam at a dose of 60 mg
per kilogram (maximum, 4500 mg), fosphenytoin
at a dose of 20 mgPE per kilogram (maximum,
1500 mgPE), or valproate at a dose of 40 mg per
kilogram (maximum, 3000 mg). Medication vials
were produced, packaged, and labeled by the
University of California at Davis Good Manufac-
turing Practice facility. The purity, concentration,
sterility, and stability of drugs were determined
by ARL Bio Pharma. Trial drugs were identical
in appearance, formulation, packaging, and ad-
ministration, including the total volume in the
vial and duration of infusion. After 10 minutes,
the infusion of the trial drug was discontinued.
Rescue therapy was given as clinically deter-
mined by the care team for persistent or recur-
rent seizures after 20 minutes from the start of
trial-drug infusion. Unmasking of the trial drug
for purposes of patient care, after determination of
the primary outcome at 60 minutes, was allowed,
but emergency unblinding (before 60 minutes)
was considered a protocol deviation.

OUTCOMES
The primary outcome was an absence of clini-
cally apparent seizures and improving respon-
siveness at 60 minutes after the start of trial-
drug infusion, without additional anticonvulsant
medication, including medication used for endo-
tracheal intubation. Clinically apparent seizure
was determined by the treating emergency depart-
ment physician and was defined as visually ob-
served focal or generalized tonic—clonic move-
ments, nystagmoid or rhythmic eye movements,
or generalized or segmental myoclonus. Improve-
ment in responsiveness was also determined by
the treating physician and was defined as pur-
poseful responses to noxious stimuli, the ability
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to follow commands, or verbalization. The pri-
mary outcome as determined by the attending
physician was communicated to the research team,
a member of which was present at the bedside in
the emergency department (Table S5 in the Sup-
plementary Appendix, available at NEJM.org).

Secondary efficacy outcomes included time to
termination of seizures, as determined in the
subgroup of patients with audio recordings that
made accurate determination of times possible;
admission to the ICU; and the length of ICU and
hospital stays. The time to termination of sei-
zures was defined as the interval from the start
of infusion of the trial drug to the cessation of
clinically apparent seizures. A central clinical
phenomenology core of four neurologists adjudi-
cated from the medical records the time to sei-
zure cessation, the time in status epilepticus
before trial-drug initiation, and the cause of the
seizure. For each enrollment, two neurologists
from this core group conducted independent
initial reviews and then determined a consensus
or consulted a third adjudicator, as needed. The
primary outcome was also adjudicated for use in
a secondary analysis. Adjudicators were unaware
of the treatment assignments and made determi-
nations by medical record review.

The primary safety outcome was the composite
of life-threatening hypotension or cardiac arrhyth-
mia within 60 minutes after the start of trial-
drug infusion. Data on serious adverse events
were collected through the end of participation
in the trial (hospital discharge or 30 days, which-
ever came first) for every patient. Data on ad-
verse events were collected through the first 24
hours after enrollment. Life-threatening hypo-
tension was defined as systolic blood pressure
remaining below the age-specified thresholds
on two consecutive readings at least 10 minutes
apart and remaining below the age-specified
thresholds for more than 10 minutes after re-
duction of the rate of trial-drug infusion (or its
termination) and an intravenous fluid challenge.
Life-threatening cardiac arrhythmia was defined
as any arrhythmia that persisted despite reduc-
ing the rate of infusion of the trial drug and that
led to intervention with chest compressions,
pacing, defibrillation, or the use of an antiar-
rhythmic agent or procedure. Additional safety
outcomes included death before the end of par-
ticipation in the trial, endotracheal intubation
within 60 minutes after the start of trial-drug

infusion, acute seizure recurrence more than 60
minutes after the start of trial-drug infusion,
and acute anaphylaxis. Acute seizure recurrence
was defined as convulsive or electroencephalo-
graphic seizure activity triggering further anti-
convulsant therapy occurring between 60 minutes
and 12 hours after the start of trial-drug infu-
sion. The definition of acute seizure recurrence
excluded patients who were given additional
anticonvulsants as prophylaxis or as treatment for
vague or uncertain clinical findings or nondiag-
nostic findings on electroencephalography. Elec-
troencephalography was not performed for this
trial, but electroencephalographic data were col-
lected if it was performed as part of clinical care.

STATISTICAL ANALYSIS

We used a response-adaptive comparative-effec-
tiveness design. Patients were randomly assigned
to receive one of the three trial drugs, initially in
a 1:1:1 ratio.”® After 300 patients were assigned
to a treatment group, response-adaptive random-
ization was initiated on the basis of previously
defined decision rules, with the goal of maxi-
mizing the likelihood of identifying the most ef-
fective treatment. Interim analyses were planned
after the enrollment of 400, 500, 600, and 700
patients, at which times the trial could be
stopped early for success or futility, the rules for
which are contained in the protocol. At each
interim analysis, the randomization assignment
probabilities were updated. The maximum sam-
ple was 795 patients. Randomization was strati-
fied according to age category (2 to 17 years, 18 to
65 years, and >65 years) at the targeted assign-
ment probabilities.”

Before assessment of the trial results, all three
drugs were considered to be equally likely to be
the most effective or least effective treatment.
Response rates in each of the treatment groups
were modeled independently with the use of
Bayesian analysis. The percentage of patients
with treatment success in each group was calcu-
lated starting with a uniform(0,1) prior probabil-
ity distribution (which allows the treatment suc-
cess to take any value between 0 and 100%) and
was updated on the basis of the observed binomial
data with the use of a conjugate beta-binomial
model. From these three posterior distributions,
the probability that each treatment was the most
or least effective treatment was calculated as de-
scribed previously.!! We randomly and repeatedly
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(10° iterations) drew from these three posterior
probabilities to calculate the probability that a
given treatment was better than the other two.
The same approach was taken for the potentially
worst treatment. The criterion for declaring a
most or least effective treatment was a probabil-
ity greater than 0.975. The threshold of 0.975
was chosen by convention (analogous to an alpha
0f 0.025 in a one-sided comparison) and because
a simulation study showed that with this thresh-
old and trial design, the type I error rate was
controlled. Unlike a trial in which success can
be achieved in a number of different ways (e.g.,
multiple treatments vs. a control), only one treat-
ment could be identified as best. A maximum
sample of 720 unique patients from 795 enroll-
ments provided 90% power to identify the most
effective treatment when one treatment group
had a true response rate of 65% and the true
response rate was 50% in the other two groups
(an absolute difference of 15 percentage points).

We report the percentage response in each
treatment group with 95% credible intervals.
The primary analysis was based on the intention-
to-treat population and included all unique pa-
tients who underwent randomization, regardless
of the amount of treatment that was actually
received. Patients who enrolled more than once
for separate episodes of status epilepticus had
only their first enrollment included in the pri-
mary efficacy analysis, but both enrollments were
included in the safety analysis. At each planned
interim analysis, the predictive probability of iden-
tifying either a most effective or a least effective
treatment at the maximum sample size was cal-
culated. If the predictive probability was greater
than 0.975, then the trial would be stopped for
success; if less than 0.05, it would be stopped for
futility.

Secondary sensitivity analyses of the primary
outcome included a per-protocol analysis (ex-
cluding patients who had eligibility deviations or
who did not receive the intervention) and an
analysis of the adjudicated primary outcome.
Binary outcomes were compared by first testing,
in a chi-square test (or Fisher’s exact test, depend-
ing on the frequency of events), the null hypothe-
sis that the percentages of responses in all three
treatment groups were equal. If the three-way
null hypothesis was rejected, then all pairwise
comparisons would be performed as two-sample
tests of proportions. Baseline covariates of age

group (<18 years or 218 years), weight group
(<75 kg or 275 kg), final diagnosis, time from
seizure onset to enrollment, sex, race (black,
white, or other), and ethnic group (Hispanic
or non-Hispanic) were evaluated individually in
logistic-regression models that included treat-
ment group, the main effect of the covariate,
and interaction terms with treatment. There was
no planned adjustment for multiple comparisons
of secondary outcomes, and these results are
presented as point estimates and interquartile
ranges from which no conclusions can be drawn.

RESULTS

PATIENTS

A total of 400 enrollments of 384 unique patients
occurred from November 3, 2015, to October 31,
2017 (Fig. 1). Sixteen patients were enrolled twice,
and their second enrollment was not included in
the intention-to-treat analysis. In November 2017,
enrollment was discontinued at the recommen-
dation of the data and safety monitoring board
after the trial met the predefined futility crite-
rion in a planned interim analysis, since there
was a 1% chance of showing a most effective or
least effective treatment if the trial were to con-
tinue to the maximum sample size. Computa-
tions for the futility analysis are given in Table
S6. A predefined analysis did not exclude an in-
teraction with age, so it was decided to continue
enrollment in the pediatric subcohort to enrich
a planned secondary subgroup analysis accord-
ing to age, which has not been performed.

The baseline characteristics of the patients
were similar in the three treatment groups (Ta-
ble 1). A total of 55% of the patients who were
enrolled were male, 43% were black, and 16%
were Hispanic; 39% were children and adoles-
cents (up to 17 years of age), 48% were younger
adults (18 to 65 years of age), and 13% were
older adults (>65 years of age). Most of the en-
rolled patients had a final diagnosis of status
epilepticus (87%), as determined retrospectively
by the clinical phenomenology core, and 10%
had psychogenic nonepileptic seizures. The adju-
dicated causes of status epilepticus are shown in
Table S3.

Because of the emergency setting of the trial,
deviations from the eligibility criteria occurred
in 108 enrollments (27%). These patients were
followed and included in the primary analysis.
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400 Patients were assessed for eligibility,
enrolled, and underwent randomization

for repeat enrollment
5 Received levetiracetam
7 Received fosphenytoin
4 Received valproate

16 Were excluded from intention-to-treat population

384 Were unique patients

145 Were assigned to receive levetiracetam

118 Were assigned to receive fosphenytoin

36 Were excluded from the per-protocol
analysis
34 Had eligibility deviations
2 Received <80% of infusion without
eligibility deviation

121 Were assigned to receive valproate

39 Were excluded from the per-protocol
analysis
39 Had eligibility deviations
2 Received <80% of infusion

145 Were included in the intention-to-treat
analysis

109 Were included in the per-protocol
analysis

150 Were included in the safety analysis

30 Were excluded from the per-protocol
analysis
29 Had eligibility deviations
1 Received <80% of infusion
1 Received <80% of infusion without
eligibility deviation

118 Were included in the intention-to-treat
analysis
79 Were included in the per-protocol
analysis
125 Were included in the safety analysis

121 Were included in the intention-to-treat
analysis
91 Were included in the per-protocol
analysis
125 Were included in the safety analysis

Figure 1. Randomization, Group Assignments, and Analyses.

The safety analysis included all enrollments (including patients who enrolled more than once). The intention-to-treat analysis included
all unique patients but did not include repeat enrollments of the same patient. The per-protocol analysis excluded repeat enrollments,
enrollments in which there were eligibility deviations, and enrollments in which patients did not receive the assigned drug dose.

2108

Deviations were due to benzodiazepines having
been administered too long before or too proxi-
mate to enrollment (50 patients), inadequate cu-
mulative doses of benzodiazepines having been
administered before enrollment (26 patients),
and enrollment of patients without status epilep-
ticus (33 patients), including patients with psy-
chogenic nonepileptic seizures. Unblinding of
investigators and treating clinicians to the as-
signed trial drug in situations in which it was
considered necessary for patient care occurred in
200 of 400 enrollments; most of these instances
of unblinding occurred after the primary out-
come had been determined at 60 minutes (154
patients). Unblinding occurred before 60 min-
utes in 46 patients, but only after a criterion for
failure with regard to the primary outcome had
already been met. These unblinding events were

performed by treating clinicians to inform the
choice of an additional dose of levetiracetam,
fosphenytoin, or valproate in patients with per-
sistent seizures.

Electroencephalography was performed as part
of standard care within 24 hours after seizure
onset in 60% of enrollments. Continuous or pro-
longed recordings were obtained for 157 of the
238 patients (66%) with electroencephalographic
data, and routine 30-minute recordings were ob-
tained for 81 patients (34%).

EFFICACY ANALYSIS

In the intention-to-treat analysis, an absence of
seizures and improvement in responsiveness with-
out additional anticonvulsant medications at 60
minutes after trial-drug administration was found
in 68 of 145 patients (47%) in the levetiracetam
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Table 1. Baseline Characteristics of the Patients.*

Characteristic
Age —yr
Mean
Range
Age group — no. (%)
0-5Yr
6-10 Yr
11-20 Yr
21-40Yr
41-60 Yr
=61 Yr
Male sex — no. (%)
Race —no. (%)
Black
White
Other, more than one, or unknown
Hispanic ethnic group — no. (%)
History of epilepsy — no. (%)
Final diagnosis — no. (%)
Seizure or status epilepticus
Nonepileptic spell
Unable to adjudicate
Median lorazepam dose equivalents (IQR)§
Dose for patients weighing 232 kg — mg
Dose for patients weighing <32 kg — mg/kg
Median duration of seizure at enrollment (IQR) — minz:q

Benzodiazepines given before arrival — no. (%)

Levetiracetam Fosphenytoin Valproate
(N =145) (N=118) (N=121)
33.3+26.0 32.8+25.4 32.2+25.4

1-94 1-84 1-85
30 (20.7) 24 (20.3) 28 (23.1)
17 (11.7) 15 (12.7) 7 (5.8)
9(6.2) 10 (8.5) 18 (14.9)
31 (21.4) 20 (16.9) 19 (15.7)
34 (23.4) 26 (22.0) 26 (21.5)
24 (16.6) 23 (19.5) 23 (19.0)
77 (53.1) 71 (60.2) 65 (53.7)
62 (42.8) 49 (41.5) 54 (44.6)
62 (42.8) 49 (41.5) 49 (40.5)
21 (14.5) 20 (16.9) 18 (14.9)
23 (15.9) 8 (15.3) 22 (18.2)
97 (66.9) 80 (67.8) 83 (68.6)
128 (88.3) 104 (88.1) 102 (84.3)
13 (9.0) 11 (9.3) 13 (10.7)
4(2.8) 3 (2.5) 6 (5.0)
4.7 (4.0-6.0) 4.9 (4.0-6.0) 5.0 (4.0-7.0)
0.2 (0.2-0.3) 0.2 (0.1-0.3) 0.2 (0.1-0.2)
62.0 (43.0-85.0) 59.0 (43.0-94.0)  61.5 (38.5-86.5)
89 (61.4) 68 (57.6) 62 (51.2)

* Plus—minus values are means +SD. Percentages may not total 100 because of rounding. IQR denotes interquartile

range.

7 Information on race and ethnic group was obtained from the medical record.

I The determination of this characteristic was based on adjudication.

§ Data include all 400 enrollments (i.e., including the patients who enrolled more than once).
9§ The duration of seizure at enrollment could not be determined for 39 enrollments.

group, 53 of 118 (45%) in the fosphenytoin group,
and 56 of 121 (46%) in the valproate group (Ta-
ble 2 and Fig. 2). The posterior probability that
levetiracetam was better than fosphenytoin and
valproate was 0.41, the probability that fospheny-
toin was better than levetiracetam and valproate
was 0.24, and the probability that valproate was
better than levetiracetam and fosphenytoin was
0.35. The results were similar in the per-protocol
and adjudicated-outcome analyses (Table 2).
Pairwise treatment-group differences are shown

in Table S2. There was no interaction between
treatment group and age group or any other in-
teraction with a baseline covariate or trial site
(Table S4). Among the 207 patients in whom the
primary outcome was not achieved, 144 (70%)
were treated with additional anticonvulsant med-
ications (Table S5). Another 52 of these patients
(25%) did not receive additional medication and
had not had a clinically apparent seizure at 60
minutes, but they did not have improving re-
sponsiveness at 60 minutes.
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Table 2. Efficacy Analyses.*

Outcome and Population

Intention-to-treat population

No. with outcome

Probability that treatment is the most effective
Probability that treatment is the least effective
Per-protocol population

No. with outcome/total no.

Probability that treatment is the most effective
Probability that treatment is the least effective
Adjudicated-outcomes population
No. with outcome
Percent with outcome (95% credible interval)
Probability that treatment is the most effective
Probability that treatment is the least effective
Secondary efficacy outcomes
Admission to ICU — no. (%)
Median length of ICU stay (IQR) — days
Median length of hospital stay (IQR) — days

Primary efficacy outcome: cessation of seizures and improvement in con-
sciousness at 60 min without other anticonvulsant medications

Percent of patients with outcome (95% credible interval)

Percent of patients with outcome (95% credible interval)

Median time from start of trial-drug infusion to termination of
seizures for patients with treatment success (IQR) — minT

Levetiracetam  Fosphenytoin Valproate
(N=145) (N=118) (N=121)
68 53 56
47 (39-55) 45 (36-54) 46 (38-55)
0.41 0.24 0.35
0.24 0.45 0.31
51/109 37/79 43/91
47 (38-56) 47 (36-58) 47 (37-57)
0.31 0.34 0.36
0.34 0.35 0.31
67 57 60
46 (38-54) 48 (39-57) 50 (41-58)
0.17 0.35 0.48
0.51 0.29 0.20
87 (60.0) 70 (59.3) 71 (58.7)
1 (0-3) 1(0-3) 1 (0-3)
3 (1-7) 3 (1-6) 3 (2-6)
10.5 (5.7-15.5) 11.7 (7.5-20.9) 7.0 (4.6-14.9)

* |CU denotes intensive care unit.

the valproate group.

Data were available for 14 patients in the levetiracetam group, 15 patients in the fosphenytoin group, and 10 patients in

The median time from the start of trial-drug
infusion to seizure termination among the 39
patients who met the primary outcome criteria
for treatment success and for whom an audio
recording was available was 10.5 minutes (inter-
quartile range, 5.7 to 15.5) in the levetiracetam
group, 11.7 minutes (interquartile range, 7.5 to
20.9) in the fosphenytoin group, and 7.0 minutes
(interquartile range, 4.6 to 14.9) in the valproate
group. There was also no significant difference
among the three groups in a post hoc analysis
of seizure cessation within 20 minutes after
trial-drug initiation in patients with treatment
success (Table S7). The percentage of patients
with acute seizure recurrence (i.e., seizure activ-
ity triggering further anticonvulsant therapy oc-
curring between 60 minutes and 12 hours after

the start of trial-drug infusion) was 10.7%,
11.2%, and 11.2%, respectively.

SAFETY ANALYSIS

The frequency of life-threatening hypotension
(0.7% in the levetiracetam group, 3.2% in the
fosphenytoin group, and 1.6% in the valproate
group), arrhythmia (0.7% in the levetiracetam
group and no cases in either of the other two
groups), endotracheal intubation (20.0%, 26.4%,
and 16.8%, respectively), and other safety out-
comes did not differ significantly among the
treatment groups (Table 3). We did not detect a
significant difference in the frequency of the
composite safety outcome of life-threatening
hypotension or cardiac arrhythmia among the
treatment groups (1.3% in the levetiracetam
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group, 3.2% in the fosphenytoin group, and
1.6% in the valproate group).

Serious adverse events are summarized in
Table S1. A total of 248 serious adverse events
occurred in 42% of patients. The most frequent
serious adverse events were convulsions after 60
minutes, a depressed level of consciousness, and
respiratory distress.

DISCUSSION

In this prospective, randomized, double-blind,
adaptive comparative-effectiveness trial involv-
ing patients with benzodiazepine-refractory
status epilepticus, we found no significant differ-
ence in the percentage of patients with seizure
cessation among the levetiracetam group, fos-
phenytoin group, and valproate group. The re-
sults of a planned interim analysis performed at
the time that 400 patients had been enrolled met
a predefined futility criterion for stopping the
trial. Status epilepticus stopped in approximately
50% of patients in each treatment group. Hypo-
tension and endotracheal intubation were more
frequent with fosphenytoin than with the other
two drugs, and deaths were more frequent with
levetiracetam, but these differences were not
significant. The differences in the time to cessa-
tion of seizures after the start of the trial-drug
infusion numerically favored valproate but were

Fosphenytoin

104

Density

0 T T T I T | T T

Levetiracetam  [[] Valproate

0 10 20 30 40 50 60 70 80

Patients with Treatment Success (%)

T |
90 100

Figure 2. Posterior Probabilities of Success According to Treatment Group
for the Primary Outcome of Cessation of Status Epilepticus at 60 Minutes.
The relative posterior probabilities of treatment success with regard to the
primary outcome for each drug are shown. The percentage of patients with
treatment success was 47% (95% credible interval, 39 to 55) in the levetirace-
tam group, 45% (95% credible interval, 36 to 54) in the fosphenytoin group,
and 46% (95% credible interval, 38 to 55) in the valproate group.

not subject to formal analysis because of the
limited number of patients for whom audio re-
cordings were available to corroborate the time
of seizure cessation.

The results of this trial contrast with those of
previous, mostly observational studies that used
varying definitions of cessation of status epilep-
ticus.?° In a retrospective review involving 279

Table 3. Safety Analyses.*

Outcome

drug infusion
of trial-drug infusion
infusion

infusion
Acute anaphylaxis
Acute respiratory depression
Hepatic aminotransferase or ammonia elevations
Purple glove syndrome

Death

Life-threatening hypotension within 60 min after start of trial-
Life-threatening cardiac arrhythmia within 60 min after start
Endotracheal intubation within 60 min after start of trial-drug

Acute seizure recurrence 60 min to 12 hr after start of trial-drug

Levetiracetam Fosphenytoin Valproate
(N=150) (N=125) (N=125)
number of patients (percent)
1(0.7) 4(3.2) 2 (1.6)
1(0.7) 0 0
30 (20.0) 33 (26.4) 21 (16.8)
16 (10.7) 14 (11.2) 14 (11.2)
0 0 0
12 (8.0) 16 (12.8) 10 (8.0)
1(0.7) 0 1(0.8)
0 0 0
7(4.7) 3 (2.4) 2 (1.6)

* No significant differences among the groups were detected for safety outcomes.
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adult patients with benzodiazepine-refractory sta-
tus epilepticus who were not randomly assigned
to a drug treatment, the percentage of patients
in whom seizures were stopped was 51.7% with
levetiracetam, and the percentages with valpro-
ate and phenytoin (74.6% and 59.6%, respec-
tively) were higher than those in the current
trial.’* A meta-analysis of 22 studies showed
higher effectiveness with levetiracetam (68.5%)
and valproate (75.7%) than was seen in our trial
but similar effectiveness with phenytoin (50.2%).
The strengths of our trial include the rela-
tively large sample of 400 enrollments, which
provided adequate power to detect a difference
between treatment groups, and the use of weight-
based dosing. We also used an adaptive statisti-
cal design to increase the chance of finding a
difference if a true difference existed.
Limitations of this trial included the need for
unblinding in some instances in order to choose
a second anticonvulsant to treat ongoing sei-
zures (occurring after the determination of the
primary outcome in most patients) and the fact
that 10% of the patients enrolled had psycho-
genic nonepileptic seizures. Clinical rather than
electroencephalographic criteria were used to
determine the primary outcome of seizure ces-
sation. Without electrographic confirmation, it
is not possible to distinguish postictal or ben-
zodiazepine-related sedation from continued non-
convulsive status epilepticus as the cause of treat-
ment failure in the 52 patients who had resolution
of clinically evident seizure without additional
anticonvulsant medications but did not have
improving consciousness at 60 minutes. We chose
doses of trial drugs from published experience
in status epilepticus, but other doses may have
different efficacy. Fosphenytoin has more re-
strictions on the maximal rate of infusion than
the other agents; the constraint of a 10-minute
infusion limited the maximal dose to 1500 mgPE,

which may be a submaximal dose in patients
with a body weight greater than 75 kg. All seri-
ous adverse events were recorded; however, data
on nonserious adverse events occurring more
than 24 hours after enrollment were not col-
lected, and therefore events such as rashes or
self-limited liver-enzyme elevations with delayed
presentations may have been missed. Finally, a
relatively high percentage of enrolled patients
had eligibility deviations related to benzodiaze-
pine dosing. However, the results of the per-
protocol analyses were concordant with those of
the primary analysis.

In conclusion, fosphenytoin, valproate, and le-
vetiracetam were effective in approximately half
the patients with benzodiazepine-refractory sta-
tus epilepticus, and they did not differ signifi-
cantly with regard to effectiveness and safety.
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