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Abstract
Objective: To evaluate the safety and efficacy of a novel formulation of midazolam 
administered as a single‐dose nasal spray (MDZ–NS) in the outpatient treatment of 
patients experiencing seizure clusters (SCs).
Methods: This was a phase III, randomized, double‐blind, placebo‐controlled trial 
(ClinicalTrials.gov NCT01390220) with patients age ≥12 years on a stable regimen of an-
tiepileptic drugs. Following an in‐clinic test dose phase (TDP), patients entered an outpatient 
comparative phase (CP) and were randomized (2:1) to receive double‐blind MDZ–NS 5 mg 
or placebo nasal spray, administered by caregivers when they experienced an SC. The primary 
efficacy end point was treatment success (seizure termination within 10 minutes and no recur-
rence 10 minutes to 6 hours after trial drug administration). Secondary efficacy end points 
were proportion of patients with seizure recurrence 10 minutes to 4 hours, and time‐to‐next 
seizure >10 minutes after double‐blind drug administration. Safety was monitored throughout.
Results: Of 292 patients administered a test dose, 262 patients were randomized, and 
201 received double‐blind treatment for an SC (n = 134 MDZ–NS, n = 67 placebo, 
modified intent‐to‐treat population). A significantly greater proportion of MDZ–NS‐ 
than placebo‐treated patients achieved treatment success (53.7% vs 34.4%; P = 0.0109). 
Significantly, fewer MDZ–NS‐ than placebo‐treated patients experienced seizure re-
currence (38.1% vs 59.7%; P = 0.0043). Time‐to‐next seizure analysis showed early 
separation (within 30 minutes) between MDZ–NS and placebo that was maintained 
throughout the 24‐hour observation period (21% difference at 24 hours; P = 0.0124). 
Sixteen patients (5.5%) discontinued because of a treatment‐emergent adverse event 
(TEAE) during the TDP and none during the CP. During the CP, 27.6% and 22.4% 
of patients in the MDZ–NS and placebo groups, respectively, experienced ≥1 TEAE.
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1  |   INTRODUCTION

Seizure clusters (SCs) or acute repetitive seizures are epi-
sodes characterized by the occurrence of seizures that dif-
fer from patients’ usual pattern in type, frequency, severity, 
and duration with an onset easily recognizable by caregivers 
and physicians.1 SCs can lead to a further decline in patients’ 
quality of life and increased morbidity, hospitalization, and 
risk of mortality.2‒4

Most SCs occur outside of hospitals, typically neces-
sitating acute intervention to minimize adverse sequelae, 
including potentially life‐threatening status epilepticus.5‒7 
Intravenous benzodiazepines, the mainstay of treatment in 
seizure emergencies, cannot be administered by non–health 
care professionals (HCPs). Diazepam rectal gel (PR‐DZP) 
is the only drug approved for out‐of‐hospital administra-
tion in the United States,8 and buccal midazolam (MDZ) is 
approved for use in children in some European countries.9 
Both, however, have limitations that restrict their use; no-
tably, rectal administration can be limited by physical and 
social constraints, while buccal MDZ is associated with risk 
of aspiration, inconsistent absorption due to ictal hypersal-
ivation and buccal secretion, and first‐pass metabolism if 
swallowed.5,10

Intranasal administration of the injectable solution of 
MDZ was first reported in 1996 to be a feasible option for the 
treatment of children with acute seizures.11 Since then, its ef-
fectiveness has been reported in numerous prospective, open‐
label studies, whether dripped directly into the nostrils12‒20 or 
administered via sprays or atomization devices.21,22 A novel 
MDZ formulation, optimized for delivery as a single‐dose 
nasal spray (MDZ–NS), has been developed in conjunction 
with its delivery device as a combination product. The objec-
tive of the current trial was to evaluate the safety and efficacy 
of MDZ–NS compared with placebo in the outpatient treat-
ment of patients with epilepsy experiencing an SC.

2  |   METHODS

Acute Rescue Therapy in Epilepsy with Midazolam Intranasal 
Spray (ARTEMIS‐1) was a phase III, randomized, double‐
blind, placebo‐controlled trial, conducted between July 2011 

and March 2017 across Australia, New Zealand, Israel, North 
America, and Europe (ClinicalTrials.gov NCT01390220; 
EudraCT 2011‐001318‐32). It was conducted in accordance 
with the ethical principles of the Declaration of Helsinki, 
the International Council for Harmonization's Good Clinical 
Practice, and applicable regulatory requirements. The protocol, 
consent form, and patient materials were approved by the insti-
tutional review boards of the participating centers. Participants 
provided written informed consent before entering the trial.

2.1  |  Trial design
The trial consisted of two phases (Figure  1). An in‐clinic, 
open‐label test dose phase (TDP) allowed assessment of drug 
safety while patients were under observation. The subsequent 
double‐blind, comparative phase (CP) allowed comparison 
of MDZ–NS with placebo in the outpatient setting.

Patients were prohibited from progressing from TDP to 
CP if they met certain criteria, such as Observer's Assessment 
of Alertness/Sedation (OAA/S) responsiveness score 1, or 
oxygen saturation <90% for >30 seconds. If a patient discon-
tinued because of these, investigators recorded discontinua-
tion due to an adverse event (AE).

Significance: MDZ–NS was superior to placebo in providing rapid, sustained seizure 
control when administered to patients experiencing an SC in the outpatient setting 
and was associated with a favorable safety profile.

K E Y W O R D S
acute intervention, acute repetitive seizures, benzodiazepine, epilepsy, intranasal, rescue

Key points
•	 Midazolam nasal spray (MDZ–NS) has been de-

veloped for the outpatient treatment of patients 
with epilepsy who are experiencing seizure 
clusters

•	 In a phase 3, randomized, double‐blind, placebo‐
controlled trial, caregivers administered 5  mg 
MDZ–NS to 134 patients and placebo to 67

•	 A significantly greater proportion of patients 
achieved treatment success with MDZ–NS than 
with placebo (53.7% vs 34.4%; P = 0.0109)

•	 During double‐blind treatment, no patient expe-
rienced acute central respiratory depression and 
none discontinued due to adverse events

•	 Use of MDZ–NS was associated with rapid and 
sustained seizure control, and a favorable safety 
profile in patients as young as 12 years
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2.2  |  Trial population
Patients age ≥12 years with epilepsy and a history of SCs 
were eligible to participate if they had an adult caregiver 
able to recognize clusters and administer treatment. Clusters 
had to be composed of  ≥2 seizures (focal or generalized); 
last ≥10 minutes; and have an observable, stereotyped, and 
recognizably different pattern from patients’ noncluster sei-
zure activity, with another seizure occurring within 6 hours 
of cluster onset. The pattern must have been established 
>3 months before screening, with ≥3 clusters occurring the 
year before, and  ≥1 occurring  ≤4  months before screen-
ing. Each patient's pattern was described by an investigator 
in an individualized patient management plan (PMP). All 
PMPs were reviewed by a member of the Epilepsy Study 
Consortium, who determined whether the cluster description 
met the protocol definition, ensuring consistency in enroll-
ment, and provided final approval for trial participation.

Patients had to be on a stable regimen of antiepileptic drugs 
(AEDs); dose changes were allowed provided the new dose 
was stable for ≥7 days before trial drug administration. Use of 
benzodiazepines was allowed as rescue therapy, or for nonepi-
lepsy indications, if used ≤3 days in a 7‐day period, but not for 
maintenance therapy as an AED. Patients were ineligible if they 
had status epilepticus due to cluster progression 2 years; psycho-
genic nonepileptic seizure(s) 5 years; major depressive episode 
6 months; or suicidal ideation/attempts, nonpostictal psychosis, 
or drug or alcohol abuse 1  year before screening. They were 
also ineligible if they had a diagnosis of acute narrow‐angle 
glaucoma, or progressive neurologic or severe cardiorespiratory 
disease. Sexually active women of childbearing potential were 
required to use contraception. Restrictions on concomitant med-
ications included those with potential relevant pharmacokinetic 
(eg, significant cytochrome P450 (CYP)3A4 inhibitors or induc-
ers) or pharmacodynamic (eg, opioids) interactions with MDZ.

2.3  |  Randomization and blinding
Patients were randomized using the Interactive Response 
Technology System. The randomization code was generated 
using fixed blocks by a nonblinded statistician not otherwise 
involved in the trial. Patients, caregivers, investigators, and 
trial personnel were unaware of treatment assignment, and 
the sponsor did not have access to the randomization code 
until after database lock.

2.4  |  Procedures
During the TDP, patients (in a stable condition and not ex-
periencing seizures) received two 5‐mg MDZ–NS doses 
10 minutes apart. Dose selection was based on results of two 
phase I trials23,24 and published literature. Initially, patients 
could not proceed from the TDP to the CP until an independ-
ent Data and Safety Monitoring Board (DSMB) reviewed 
TDP data from ≥25 patients. Enrollment was paused during 
the review; when resumed, patients progressed directly from 
TDP to CP. Safety reviews were also conducted after approx-
imately 33, 66, 99, 132, and 165 patients completed the CP.

Caregivers were trained on trial drug administration, 
safety monitoring, trial‐related measurements, and cardiopul-
monary resuscitation. They were provided with information 
in PMPs on when to administer the trial drug, requirements 
for administration of the second dose, an emergency rescue 
protocol, and contact information for trial nurses and emer-
gency services, as well as a diary to record seizure informa-
tion, trial drug administration, and safety data.

At the start of the CP, patients were randomized 2:1 to re-
ceive 5 mg MDZ–NS or placebo administered by their care-
giver when they experienced an SC. There was a 6‐month 
window for patients to receive double‐blind treatment for a 
qualifying SC. The double‐blind dose could be followed by 

F I G U R E  1   Trial design. At screening, each patient's individualized patient management plan (PMP) was reviewed by a member of the 
Epilepsy Study Consortium who determined whether the cluster description met the protocol definition and provided final approval for trial 
participation. A review of safety data from at least the first 25 patients who completed the TDP was required before patients could progress to the 
CP. The review was conducted by an independent Data and Safety Monitoring Board (DSMB), as were further reviews at periodic intervals during 
the trial. MDZ–NS, midazolam nasal spray
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an optional, open‐label 5‐mg MDZ–NS dose if the cluster did 
not terminate within 10 minutes, or another seizure occurred 
up to 6 hours after initial drug administration and the patient 
did not have <8 breaths/minute, did not require emergency 
rescue treatment and assisted breathing or intubation, and did 
not have excessive sedation. Patients and caregivers returned 
to the clinical site 24–120 hours after drug administration.

2.5  |  Outcomes

2.5.1  |  Efficacy outcomes
The primary efficacy outcome was the proportion of patients 
achieving treatment success, a composite measure defined 
as seizure termination within 10 minutes of, and no seizure 
recurrence 10 minutes to 6 hours after, double‐blind adminis-
tration of trial drug during the CP. There were two secondary 
efficacy outcomes: proportion of patients with seizure recur-
rence 10 minutes to 4 hours after trial drug administration, 
and time‐to‐next seizure occurring >10  minutes after trial 
drug administration.

Efficacy was further evaluated using three explor-
atory outcomes: treatment success with the second dose 
(open‐label 5 mg MDZ–NS), return to baseline function-
ality within 24 hours of drug administration according to 
caregiver evaluation, and proportion of patients with sei-
zure recurrence 10  minutes to 24  hours after trial drug 
administration.

2.5.2  |  Safety outcomes
Patients were monitored throughout the trial for treat-
ment‐emergent AEs (TEAEs), coded according to Medical 
Dictionary for Regulatory Activities version 16.1. Given that 
MDZ has a short half‐life and that there may have been a 
long interval between the TD and exposure to double‐blind 
drug during the CP, presentation of TEAEs within 2 days of 
administration was included to provide a more relevant as-
sessment of TEAEs (independent of investigator causality 
assessment) that might be attributable to trial drug. Analysis 
of AEs of special interest (AESI) was also performed to eval-
uate specific risks and meet regulatory requirements based 
on the known pharmacology of MDZ, its use as an AED, 
and route of administration (see supplement for full details). 
Safety assessments also included vital signs measurements; 
12‐lead electrocardiograms; physical, nasal, and neurologic 
examinations; clinical laboratory tests; and the Columbia‐
Suicide Severity Rating Scale (C‐SSRS).

2.6  |  Statistical analyses
Originally, a sample size of 132 was planned based on a 
placebo response of 30%, but this was amended following 

publication of a trial with another benzodiazepine reporting 
a higher placebo response in the treatment of patients with 
SCs.25 In the updated plan, treatment success in the placebo 
arm was assumed to be 40%; therefore a larger sample size 
of 240 patients (160 MDZ–NS and 80 placebo) completing 
the CP was deemed necessary to reach 90% power in demon-
strating a clinically meaningful difference in treatment suc-
cess between MDZ–NS and placebo (odds ratio 2.9).

Three interim analyses were planned for when 132, 
165, and 204 patients had received ≥1 dose of trial drug 
during the CP. Patients lost to follow‐up or with missing 
data were considered treatment failures. At each point, a 
one‐sided Fisher's exact test for treatment success for pos-
sible early stopping was performed and results compared 
with critical values for the efficacy boundary were calcu-
lated according to the Lan‐DeMets Pocock approximation 
(using R package gsDesign version 2.8‐8). Predictive prob-
ability of success at the maximum sample size was also 
calculated at each interim analysis, and if <10%, the trial 
was to be stopped for futility. If stopped early, the P value 
required for success would be the value determined for the 
final analysis (N = 240) according to the prespecified Lan‐
DeMets Pocock boundary (P = 0.0085). Interim analyses 
were conducted by a monitoring committee, independent 
of both the sponsor and DSMB.

The primary outcome was analyzed by Fisher's exact 
test, and a chi‐square test performed as a sensitivity analysis. 
Patients without sufficient data to confirm treatment success 
were classified as treatment failures. Fisher's exact test was used 
to analyze the proportion of patients with seizure recurrence 
10 minutes to 4 hours after double‐blind drug administration. 
The Kaplan‐Meier method was used to analyze time‐to‐next 
seizure after double‐blind drug administration. Time‐to‐next 
seizure in treatment groups was compared using log‐rank test.

Statistical comparisons were performed using two‐sided 
tests at the α  =  0.05 significance level (except for interim 
analyses). For the primary and secondary efficacy outcomes, 
a statistical gate‐keeping procedure was applied to control for 
multiplicity. All analyses were conducted using SAS version 
9.1.3 or higher (SAS Institute, Inc.).

The safety population included all patients who re-
ceived  ≥1 dose of trial drug, including those who dis-
continued following the TDP, before randomization. The 
randomized safety population consisted of randomized 
patients who received  ≥1 trial drug dose during the CP. 
Analyses of all efficacy outcomes were conducted with data 
from the modified intent‐to‐treat (mITT) population, which 
consisted of patients in the randomized safety population 
who had any posttreatment efficacy assessment. The per 
protocol population (PPP) included all patients in the mITT 
population who did not discontinue, or who had excludable 
protocol deviations. Data from the PPP were used for sup-
portive analyses to assess robustness of the primary analysis.
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3  |   RESULTS

The trial was stopped early, before the third interim analysis, 
due to acquisition of the original sponsor company. The trial 
remained blinded until database lock, and the US Food and 
Drug Administration was informed of the decision. Given 
early termination, a conservative statistical approach was 
taken by using the prespecified P  value (P = 0.0085, one‐
sided Fisher's exact test) required for treatment success for 
the final target enrollment (N = 240).

Of 402 patients screened, 292 entered the TDP and re-
ceived ≥1 MDZ–NS dose (safety set; Figure 2). Subsequently, 
262 patients were randomized and entered the CP; 201 re-
ceived ≥1 double‐blind dose of trial drug and had posttreatment 
efficacy assessments, constituting the mITT set (134 received 
MDZ–NS, and 67 placebo). Overall, 200 patients completed the 
trial and 92 discontinued: 30 during the TDP, 61 during the CP, 
and one after the CP, before completing procedures at visit 4.

Demographics and disease characteristics were similar in 
the treatment arms (Table 1). According to the protocol, all 
patients were on stable AED regimens (Table S1).

3.1  |  Efficacy outcomes

Among patients who received MDZ–NS, 53.7% (95% confi-
dence interval [CI] 45.3‐62.2) experienced treatment success 
compared with 34.3% (23.0‐45.7) who received placebo. The 
difference was statistically significant (P = 0.0069, one‐sided 
Fisher's exact test; P = 0.0109, two‐sided). Results of the sen-
sitivity analysis based on PPP data were consistent with those 
of the mITT analysis, with a significantly greater proportion 
of MDZ–NS‐treated patients achieving treatment success than 
placebo‐treated patients (54.4% [45.7, 63.1] vs 32.8% [21.3, 
44.3]; P = 0.0056, Fisher's exact test; P = 0.0049, chi‐square 
test). For the components, seizure(s) termination occurred 
within 10 minutes in 80.6% of patients treated with MDZ–NS 
and 70.1% of those treated with placebo; 58.2% of MDZ–NS‐
treated and 37.3% of placebo‐treated patients did not experi-
ence seizures starting 10 minutes and up to 6 hours after trial 
drug administration (patients who were administered the sec-
ond dose of trial drug were assumed to have had a seizure).

Results of the secondary outcomes supported those of 
the primary outcome. A significantly smaller proportion of 

F I G U R E  2   Patient disposition over the course of the trial and analysis populations. DB, double‐blind; MDZ–NS, midazolam nasal spray; 
mITT, modified intent‐to‐treat; OL, open‐label aOther reasons for discontinuation included: patient did not experience/treat seizure cluster(s) 
according to trial criteria within protocol‐specified time period; caregiver no longer available; trial drug unavailable at site; patient/caregiver 
unable to comply with trial procedures/visits; trial terminated; site closure bOne patient received treatment in the CP and had postdose efficacy 
assessments, but subsequently withdrew consent before completing procedures at visit 4
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T A B L E  1   Demographics and baseline disease characteristics

 

Safety population Randomized safety population

MDZ–NS (N = 292) MDZ–NS (n = 134) Placebo (n = 67)

Age (years)

Mean (SD) 33.0 (11.96) 34.0 (11.23) 31.5 (12.83)

Median (range) 31.5 (12–65) 32.0 (14–61) 27.0 (12–62)

Age group, n (%)

<18 years 18 (6.2) 5 (3.7) 5 (7.5)

≥18 to <65 years 272 (93.2) 129 (96.3) 62 (92.5)

≥65 years 2 (0.7) 0 0

Sex, n (%)

Male | female 146 (50.0) | 146 (50.0) 68 (50.7) | 66 (49.3) 33 (44.8) | 37 (55.2)

Race, n (%)

White 275 (94.2) 125 (93.3) 65 (97.0)

Black or African American 7 (2.4) 3 (2.2) 1 (1.5)

Other 5 (1.7) 2 (1.5) 1 (1.5)

Asian 2 (0.7) 2 (1.5) 0

American Indian or Alaska Native 2 (0.7) 2 (1.5) 0

Native Hawaiian or Other Pacific Islander 1 (0.3) 0 0

Body mass index (kg/m2) n = 1 (0.3) n = 0 n = 0

Mean (SD) 26.05 (5.924) 25.89 (5.745) 25.01 (5.066)

Typical duration of cluster (min) n = 278 n = 129 n = 63

Mean (SD) 259.10 (548.79) 270.77 (572.75) 239.34 (528.05)

Median (range) 67.5 (2.5–4320.0) 65.0 (2.5–4320.0) 60.0 (8.5–2880.0)

Number of years since clusters onset n = 283 n = 133 n = 63

Mean (SD) 9.24 (9.93) 9.88 (10.11) 6.69 (6.30)

Median (range) 6.0 (0.3–62.0) 5.0 (0.3–48.0) 5.0 (0.5–32.0)

Number of episodes in year before visit 1

Mean (SD) 50.8 (109.99) 56.3 (128.53) 49.1 (98.43)

Median (range) 15 (3–999) 18 (3–999) 15 (4–600)

Number of seizures in cluster episode  n = 291    

Mean (SD) 12.23 (21.02) 12.81 (23.60) 14.16 (25.57)

Median (range) 6.0 (2–200) 5.2 (2–200) 6.0 (2–170)

Seizure type(s) in cluster, n (%)a 

Focal impaired awareness (complex partial) 153 (52.4) 71 (53.0) 33 (49.3)

Focal to bilateral (secondary generalized) 97 (33.2) 46 (34.3) 20 (29.9)

Focal aware (simple partial) 60 (20.5) 23 (17.2) 17 (25.4)

Primary generalized tonic‐clonic 20 (6.8) 8 (6.0) 7 (10.4)

Tonic 18 (6.2) 8 (6.0) 3 (4.5)

Absence 13 (4.5) 7 (5.2) 0

Other 11 (3.8) 7 (5.2) 0

Myoclonic 10 (3.4) 3 (2.2) 3 (4.5)

Atonic 2 (0.7) 2 (1.5) 0

All values are based on the safety or randomized safety populations unless specified otherwise. Abbreviations: MDZ–NS, midazolam nasal spray; SD, standard 
deviation
aPatients may have reported >1 seizure type. 



      |  1803DETYNIECKI et al.

patients in the MDZ–NS group experienced seizure recur-
rence 10 minutes to 4 hours after drug administration than 
those in the placebo group (38.1% vs 59.7%; P = 0.0043, 
Fisher's exact test). Time‐to‐next seizure after double‐blind 
drug administration was longer (P = 0.0124) in the MDZ–
NS group than in the placebo group (25th percentile, 2.6 
vs 0.9 hours); median time‐to‐next seizure could not be es-
timated since <50% of cluster episodes for which patients 
received a first MDZ–NS dose were followed by another 
seizure within 24 hours. Based on the Kaplan‐Meier anal-
ysis, the probability of experiencing no seizures over the 
24‐hour observation period after 10 minutes of drug admin-
istration was significantly greater in the MDZ–NS group 
than in the placebo group (58.3% vs 37.1%; P = 0.0124, 
log‐rank test) (Figure  3). Separation between MDZ–NS 
and placebo curves was apparent from 30  minutes after 
double‐blind administration. In this analysis, 50 patients 
(37.3%) in the MDZ–NS group and 31 (46.3%) in the pla-
cebo group experienced a next seizure within 24 hours of 
drug administration.

With regard to exploratory outcomes, fewer MDZ–NS‐ 
than placebo‐treated patients required administration of the 
open‐label dose (31.3% vs 61.2%). Of patients receiving the 
open‐label dose, 54.8% (39.7, 69.8) in the MDZ–NS group 
(5 mg + 5 mg) and 65.9% (51.3, 80.4) in the placebo group 
(placebo  +  5  mg MDZ–NS) achieved treatment success. 
Based on the assumption that a seizure had occurred if the 
open‐label dose was administered, 49.3% (40.8, 57.7) of 
patients in the MDZ–NS group compared with 74.6% (64.2, 
85.0) in the placebo group experienced seizure recurrence 
within 10 minutes to 24 hours from double‐blind adminis-
tration (P = 0.0008, Fisher's exact test). Among MDZ–NS‐
treated patients, 72.4% (64.0, 79.8) had documented return 

to baseline functionality within 24 hours after double‐blind 
drug administration compared with 43.3% (31.2, 56.0) of 
placebo‐treated patients (P < 0.0001, Fisher's exact test).

3.2  |  Safety outcomes
Of 292 patients in the TDP, 286 received two MDZ–NS 
doses and six received one dose. During the CP, of 134 pa-
tients randomized to MDZ–NS, 91 (67.9%) received a sin-
gle double‐blind dose of trial drug, and 43 (32.0%) received 
the double‐blind and open‐label doses. Corresponding val-
ues among the 67 patients in the placebo group were 26 and 
41 (38.8% and 61.1%).

3.2.1  |  Test dose phase
During the TDP, 51.4% of patients experienced  ≥1 TEAE 
(Table 2). The most frequently reported TEAEs within 2 days 
of MDZ–NS administration are summarized in Table 3, and 
overall in Table S2; most were mild or moderate in intensity. 
TEAEs considered related to trial drug occurred in 108 pa-
tients (37%).

Fourteen patients (4.8%) experienced 18 SAEs; however, 
only three patients had events considered treatment‐related 
by the investigator. One patient each experienced sedation 
and somnolence. The third patient experienced an SC 9 days 
after administration of the test dose, likely reflecting under-
lying disease.

Seventeen patients discontinued due to AEs; one patient 
had a brain tumor recurrence diagnosis before in‐clinic ad-
ministration that was not disclosed until postdosing. Among 
the remaining 16 patients, 13 discontinued for TEAEs con-
sidered treatment‐related. Sedation‐type TEAEs (sedation, 

F I G U R E  3   Secondary efficacy outcome: probability of experiencing no seizures over the 24‐hour observation period after 10 minutes of 
double‐blind trial drug administration based on a Kaplan‐Meier analysis of time‐to‐next seizure in the modified intent‐to‐treat population. Patients 
who did not have another seizure before the end of the 24‐hour observation period, and who had not been administered the second dose of trial 
drug, were censored at the end of the observation period. Those administered the second dose of trial drug who did not have a seizure before the 
administration of the second dose were censored at the time of the second dose
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somnolence, hypersomnia) were the most common, con-
tributing to discontinuation of eight patients. Four of these 
patients, however, had protocol‐defined exclusions (OAA/S 
score) prohibiting progression to CP, which were recorded 
as discontinuations due to TEAEs. Four patients had TEAEs 
relating to route of administration that contributed to dis-
continuation. TEAEs in the AESI category of acute central 
respiratory depression (ACRD) led to discontinuation in 

one patient but were also contributory factors in the discon-
tinuation of a further 4 of the 13 patients (Table S3). Only 
two patients who experienced an AESI in the category of 
ACRD were considered to have experienced events likely 
indicative of clinically meaningful respiratory depression. 
One patient, with bradypnea and decreased oxygen satura-
tion, had an intercurrent seizure considered to be due to un-
derlying disease, while the other, with prolonged decreased 

T A B L E  2   Overview of treatment‐emergent adverse events during the TDP (safety population) and CP (randomized safety population)

 

Test dose phase Comparative phase MDZ–NS Comparative phase placebo

N = 292 DB only (n = 91) DB + OL (n = 43)
DB PBO only 
(n = 26)

DB PBO + OL 
MDZ–NS (n = 41)

≥1 TEAE 150 (51.4) 24 (26.4) 13 (30.2) 6 (23.1) 9 (22.0)

Mild 81 (27.7) 17 (18.7) 9 (20.9) 5 (19.2) 4 (9.8)

Moderate 49 (16.8) 4 (4.4) 3 (7.0) 1 (3.8) 5 (12.2)

Severe 20 (6.8) 3 (3.3) 1 (2.3) 0 0

≥1 Treatment‐related 
TEAE

108 (37.0) 20 (22.0) 13 (30.2) 5 (19.2) 7 (17.1)

Mild 63 (21.6) 13 (14.3) 9 (20.9) 4 (15.4) 3 (7.3)

Moderate 34 (11.6) 4 (4.4) 3 (7.0) 1 (3.8) 4 (9.8)

Severe 11 (3.8) 3 (3.3) 1 (2.3) 0 0

≥1 Serious TEAE 14 (4.8) 1 (1.1) 0 0 1 (2.4)

≥1 Treatment‐related 
serious TEAE

3 (1.0) 0 0 0 0

Discontinuation due to 
TEAE

16 (5.5) 0 0 0 0

Note: Adverse events were assigned to TDP if they occurred after administration of test dose and before CP dose, and to CP only at/after the CP dose, not based on 
randomization
Abbreviations: DB, double‐blind; MDZ–NS, midazolam nasal spray; OL, open‐label; PBO, placebo; TEAE, treatment‐emergent adverse event

T A B L E  3   Treatment‐emergent adverse events reported for ≥ 5% of patients in any treatment arm within 2 days after trial drug administration 
during the TD (safety population) and CP (randomized safety population)

Preferred term, 
n (%)

Test dose phase Comparative phase

MDZ–NS MDZ–NS Placebo

N = 292 DB only (n = 91) DB + OL (n = 43)
DB PBO only 
(n = 26)

DB PBO + OL 
MDZ–NS (n = 41)

Any TEAE 109 (37.3) 21 (23.1) 13 (30.2) 6 (23.1) 9 (22.0)

Nasal discomfort 47 (16.1) 5 (5.5) 7 (16.3) 2 (7.7) 3 (7.3)

Somnolence 29 (9.9) 9 (9.9) 4 (9.3) 1 (3.8) 4 (9.8)

Lacrimation 
increased

20 (6.8) 1 (1.1) 1 (2.3) 0 1 (2.4)

Product taste 
abnormal

17 (5.8) 4 (4.4) 0 0 0

Throat irritation 15 (5.1) 2 (2.2) 3 (7.0) 0 1 (2.4)

Headache 1 (0.3) 6 (6.6) 1 (2.3) 0 0

Note: Adverse events were assigned to TDP if they occurred after administration of test dose and before CP dose, and to CP only at/after the CP dose, not based on 
randomization.
Abbreviations: DB, double‐blind; MDZ–NS, midazolam nasal spray; OL, open‐label; PBO, placebo; TEAE, treatment‐emergent adverse event.



      |  1805DETYNIECKI et al.

oxygen saturation, had a history of sleep apnea that was 
likely contributory.

3.2.2  |  Comparative phase
After administration of the double‐blind trial drug in the CP, 
27.6% and 22.4% of patients in the MDZ‐NS and placebo 
groups, respectively, experienced ≥1 TEAE (Table 2). The most 
frequently reported TEAEs within 2 days of MDZ–NS admin-
istration during the CP are summarized in Table 3, and overall 
in Table S4; most were considered mild or moderate in inten-
sity. Four patients in the MDZ–NS group reported five severe 
TEAEs; these were somnolence, headache, nasal discomfort, 
nausea, and vomiting. No severe TEAEs were reported by pla-
cebo‐treated patients. No notable differences (>10% absolute 
difference) in the incidence of TEAEs between the MDZ–NS 
and placebo groups were observed. There was a difference in the 
reported rate of nasal discomfort between patients in the MDZ‐
NS group who received one vs two doses (5.5% vs 16.3%).

Forty‐five patients (22.4%) experienced ≥1 treatment‐re-
lated TEAE, including 20 (22.0%) in the MDZ–NS group 
who received the double‐blind dose only, and 13 (30.2%) 
who received both doses; corresponding values in the pla-
cebo group were 5 (19.2%) and 7 (17.1%). Treatment‐related 
TEAEs were similar qualitatively to overall TEAEs. Two 
patients, one in the MDZ–NS group and one in the placebo 
group who received open‐label MDZ‐NS, had an serious ad-
verse event (SAE); neither SAE was considered treatment‐re-
lated. There were no AESIs in the category of ACRD (Tables 
S5 and S6), and no discontinuations due to TEAEs.

Throughout the trial, no notable safety trends in labo-
ratory parameters; vital signs; C‐SSRS scores; or physical, 
nasal, and neurologic examinations were observed.

4  |   DISCUSSION

Results of ARTEMIS‐1, a double‐blind, randomized, pla-
cebo‐controlled trial, provide evidence for the safety and ef-
ficacy of MDZ–NS as an outpatient therapeutic option for 
patients requiring acute intervention during an SC. Based 
on the primary composite end point—seizure termination 
within 10 minutes of, and no seizure recurrence 10 minutes 
to 6 hours after trial drug administration—treatment with a 
5‐mg MDZ–NS dose during the double‐blind CP provided 
rapid, sustained seizure control for patients. The observed 
treatment effect was clinically meaningful and statistically 
significant (19.4% difference between MDZ–NS and pla-
cebo; P = 0.0109). The conservative statistical approach em-
ployed for the final analysis ensured integrity of the results, 
given that the trial was stopped early.

Based on the Kaplan‐Meier analysis of time‐to‐next sei-
zure after drug administration, there was early and clear 

separation (within approximately 30  minutes) between 
MDZ–NS and placebo that was maintained throughout the 
observation period, with a statistically significant and clin-
ically relevant effect size of 21% at 24 hours. The duration 
of treatment response observed in the double‐blind CP is of 
note, given that MDZ is a short‐acting benzodiazepine based 
on its relatively short half‐life in plasma.26 In MDZ–NS clin-
ical trials, the median elimination half‐lives of MDZ and its 
hydroxy metabolite ranged from 2.1 to 6.2 hours and 2.7 to 
7.2 hours, respectively, independent of dose (data on file). 
Results suggest that the antiseizure effect of MDZ–NS does 
not correlate with its short half‐life, unlike the sedative effect. 
This observation was corroborated by results of the time‐
to‐return to baseline functionality analysis, which showed 
that a substantially larger proportion of patients treated with 
MDZ–NS had documented return to full baseline functional-
ity within 24 hours after drug administration compared with 
those who received placebo (72.4% vs 43.3%). Rapid return 
to full functionality and absence of continued AEs such as 
sedation are especially important considerations for patients 
(and caregivers) in full‐time employment or education.

The safety profile of MDZ, and other benzodiazepines, 
is well known; through potentiation of γ‐aminobutyric acid 
receptor A (GABAA) activity, their global central nervous 
system (CNS) inhibitory effects lead to diverse AEs, includ-
ing motor and sensory impairment and cardiorespiratory de-
pression.5,27,28 Throughout the trial, TEAEs experienced by 
most patients were, not unexpectedly, sedation‐type events, 
and given the route of administration, nasal discomfort. The 
incidence of events considered likely indicative of clinically 
meaningful respiratory depression related to the trial drug was 
low (0.7%) and occurred only during the TDP. It is important 
to note that no treatment‐related SAEs, discontinuations due 
to TEAEs, or AESIs in the category of ACRD were reported 
after double‐blind administration of MDZ–NS during the CP. 
Finally, there were no TEAEs in the category of depression 
and suicidality/self‐injury indicative of suicide or attempted 
suicide, or abuse. These results confirm the acceptable safety 
profile of MDZ–NS and support the feasibility of administra-
tion by non‐HCPs in outpatient settings.

Antiseizure agents that can be administered rapidly 
and safely by non‐HCPs in the outpatient setting can help 
patients experiencing SCs achieve seizure cessation, re-
duce seizure‐related complications, and prevent progres-
sion to more serious sequelae.5‒7 Early intervention may 
help avoid emergency department visits and also provide 
a greater sense of control for patients and their caregivers, 
which may have a positive impact on their quality of life.6 
In one study, patients who used acute therapeutic interven-
tion experienced significantly fewer injuries and visits to 
the emergency department over a 1‐year prospective fol-
low‐up.29 After oral lorazepam, intranasal MDZ (IN‐MDZ) 
was the most frequently used agent.29 In effect, off‐label 
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IN‐MDZ has been used in the treatment of patients with 
seizure disorders for over two decades; however, random-
ized controlled trials, as required for regulatory approval, 
have not been conducted.

Given the difference in routes of administration, an ad-
equately powered, blinded, comparative trial of MDZ–NS 
and PR‐DZP would be complex. Results of several pro-
spective, randomized, open‐label studies, however, indicate 
that IN‐MDZ appears to be as effective as PR‐DZP. In two 
studies, children with acute seizures presenting to emer-
gency care were randomized to treatment with IN‐MDZ 
or PR‐DZP.16,18 In both, seizure cessation within 10 min-
utes of drug administration was observed in a significantly 
greater proportion of children treated with IN‐MDZ than 
PR‐DZP.16,18 Use of IN‐MDZ and PR‐DZP has also been 
compared in the outpatient setting. In one study, adult pa-
tients in a residential epilepsy center experiencing seizure 
exacerbation received both drugs alternately for six sepa-
rate episodes, and in another, caregivers were randomized 
to administer IN‐MDZ or PR‐DZP to children experiencing 
prolonged seizures.21,22 Although no detectable differences 
in the effectiveness or safety profiles of the drugs were 
noted in either study, most patients and caregivers in both 
stated a preference for IN administration.21,22 In noncom-
parative studies conducted in outpatient settings, caregiv-
ers also expressed a preference for IN‐MDZ over PR‐DZP 
in terms of ease of use and ability to administer in public 
if necessary.19,30

In the aforementioned studies, MDZ solution was deliv-
ered into the nostrils directly or via an atomization device. 
However, use of MDZ solution has drawbacks; notably, solu-
tion acidity may cause local irritation, and preparing a sy-
ringe or dripper from a vial may be challenging for a caregiver 
while the patient is experiencing a seizure. Furthermore, pre-
filled syringes of the solution may have limitations in terms 
of shelf‐life and/or storage requirements. Consequently, a 
standardized, commercially available system for delivery of 
MDZ optimized for intranasal administration should facili-
tate use of this agent.

Use of MDZ–NS in the outpatient setting was associated 
with rapid and sustained seizure control in patients experi-
encing SCs, and its safety profile, in patients as young as 
12 years, was acceptable. These results demonstrate the po-
tential of MDZ–NS in addressing an important unmet clinical 
need.
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