
Objectives: "to determine the superiority or inferiority of the three commonly used anticonvulsant medications [levetiracetam, fosphenytoin, and valproate] with regard to treatment success among patients with status epilepticus in the emergency department." (p. 2104)
Methods: This multicenter, double-blind, randomized controlled trial was conducted at 57 EDs across the US between November 3, 2015 and October 31, 2017. Of these EDs, 26 enrolled only adults, 18 enrolled only children, and 13 enrolled both. Patients aged 2 years and older treated for a generalized convulsive seizure of more than 5 minutes duration with "generally accepted cumulative" doses of benzodiazepines, who then had persistent or recurrent convulsions in the ED lasting at least 5 minutes and no more than 30 minutes after the last benzodiazepine dose, were eligible for inclusion. Patients were excluded if they were pregnant, incarcerated, post-anoxic, if their seizures were induced by major trauma, hypoglycemia, or hyperglycemia, if they pre-emptively opted out, if they had already been treated with a non-benzodiazepine anticonvulsant for this episode of status epilepticus, or if they opted out.

Patients were randomly assigned in a 1:1:1 ratio, stratified by age group, to receive levetiracetam (60 mg/kg), fosphenytoin (20 phenytoin equivalents per kg), or valproate (50 mg/klg), all of which were administered over 10 minutes. If seizures persisted for 20 minutes following the start of the study drug infusion, rescue therapy was administered per clinician discretion. After the first 300 patients were enrolled, a response-adaptive randomization scheme was used to maximize the likelihood of the most efficient treatment being used.
The primary efficacy outcome was absence of clinically apparent seizure with improved responsiveness at 60 minutes after the start of the study drug infusion, without need for additional antiepileptic administration, as determined by the treating emergency physician. Secondary efficacy outcomes included time to termination of seizures (in a subgroup of patients with audio recordings), admission to the ICU, and length of ICU and hospital stay. The primary safety outcome was a composite of life-threatening hypotension or life-threatening cardiac dysrhythmia within 60 minutes of trial drug initiation. Secondary outcomes included need for intubation, active seizure recurrence, respiratory depression, and mortality.

There were 400 separate enrollments involving 384 unique patients. The overall age breakdown was as follows: 39% were less than 18 years of age, 48% were aged 18 to 65, and 13% were older than 65. Levetiracetam was administered in 145 cases, fosphenytoin was given in 118 cases, and valproate was given in 121 cases.
	Guide
	Comments

	I.
	Are the results valid?
	

	A.
	Did experimental and control groups begin the study with a similar prognosis?
	

	1.
	Were patients randomized?


	Yes. "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 randomization was initiated on the basis of previously defined decision rules, with the goal of maximizing the likelihood of identifying the most effective treatment." (p. 2106)



	2.
	Was allocation concealed?  In other words, was it possible to subvert the randomization process to ensure that a patient would be “randomized” to a particular group?

	Likely yes. "After determining a patient’s eligibility in the emergency department, the clinical team accessed an age-stratified trial “use next” medication 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 administration set were used to prime an intravenous infusion line." (p. 2105) While this seems to be sufficient to maintain allocation concealment, the authors do not report how the boxes were randomized (sequence generation).

	3.
	Were patients analyzed in the groups to which they were randomized?
	Yes. "The primary analysis was based on the intention-to-treat population and included all unique patients who underwent randomization, regardless of the amount of treatment that was actually received." (p. 2107) This included 108 patients (27% of the cohort) who were included in the analyses despite deviations from the eligibility criteria.

	4.
	Were patients in the treatment and control groups similar with respect to known prognostic factors?
	Yes. Patients in the three groups were similar with respect to median age, gender, race, history of prior epilepsy, proportion ultimately diagnosed with a non-epileptic spell, seizure etiology, and amount of benzodiazepines administered.

	B.
	Did experimental and control groups retain a similar prognosis after the study started?

	

	1.
	Were patients aware of group allocation?


	Yes. "Trial drugs were identical in appearance, formulation, packaging, and administration, including the total volume in the vial and duration of infusion." (p. 2105) There should be no risk of performance bias on the part of patients or clinicians.

	2.
	Were clinicians aware of group allocation?


	See above.

	3.
	Were outcome assessors aware of group allocation?


	See above. The primary outcome was determined by the treating physician, who was blinded to group allocation.

	4.
	Was follow-up complete?


	Yes. Outcome data was available for all patients in the intention-to-treat analysis.

	II.
	What are the results ?

	

	1.
	How large was the treatment effect?


	· The primary outcome was observed in 47% (95% CI 38% to 56%) of patients in the levetiracetam group , 45% (95% CI 36% to 54%) in the fosphenytoin group, and 46% (95% CI 38% to 55%) of the valproate group.
· Results were similar in the per-protocol and adjudicated-outcome analyses.

· Median time to seizure termination in 39 patients who met the primary outcome criteria and had audio recording available was 10.5 minutes (IQR 5.7-15.5) in the levetiracetam group, 11.7 minutes (IQR 7.5-20.9) in the fosphenytoin group, and 7.0 minutes (IQR 4.6-14.9) in the valproate group.

· Seizure recurrence requiring further anticonvulsant treatment between 60 minutes and 12 hours after start of trial-drug infusion occurred in 10.7%, 11.2%, and 11.2% of patients in the respective groups.

· There was no significant difference in frequency of life-threatening hypotension (0.7%, 3.2%, 1.6%), arrhythmia (0.7%, 0%, 0%), endotracheal intubation (20.0%, 26.4%, 16.8%), or other safety outcomes between the groups.

· There was no significant difference in the frequency of a composite of life-threatening hypotension and arrhythmia between the groups.

· There was no significant difference in need for ICU admission, median length of ICU stay, or medial length of hospital stay.

	2.
	How precise was the estimate of the treatment effect?


	See above.

	III.
	How can I apply the results to patient care?

	

	1. 
	Were the study patients similar to my patient?


	Yes. This was a large, multicenter trial conducted at multiple EDs in the United States. The patients enrolled should overall be similar to adults seen in our ED and to pediatric patients seen at St. Louis Children's ED (external validity).

	2. 
	Were all clinically important outcomes considered?


	Yes. The authors considered a clinically relevant primary outcomes (cessation of seizures with improved responsiveness), clinically relevant safety outcomes, need for ICU admission, and hospital and ICU length of stay.

	3. 
	Are the likely treatment benefits worth the potential harm and costs?


	No. There does not appear to be any significant difference in efficacy or safety between the three treatment options. Of note, the authors did not evaluate outcomes based on age group; in a subsequent article that analyzed this cohort plus additional patients (Chamberlain 2020), endotracheal intubation was much more common in children treated with fosphenytoin than the other two groups.


Limitations:
1. The trial was stopped early for perceived futility, a practice that results in a significant risk of a type II error.

2. Over a quarter of patients enrolled and included in the analyses had deviations from the eligibility criteria that should have resulted in their exclusion.
Bottom Line:
This large, multicenter, randomized controlled trial found no significant difference in efficacy (defined be seizure resolution and improved responsiveness at 60 minutes) between levetiracetam, fosphenytoin, or valproate for benzodiazepine-resistant status epilepticus. While there was no significant difference in rates of adverse events reported in this study, subsequent analysis of the data that included an additional study site demonstrated a significantly higher need for intubation among pediatric patients receiving fosphenytoin compared to the other agents. 
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