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Methods
• The results presented here are from the long-term, phase 3, open-label,
­repeat-dose safety study of diazepam nasal spray (ClinicalTrials.gov identifier: 
NCT02721069)14,15

	–Second doses for a seizure cluster used an operational ­definition of a dose 
of diazepam nasal spray given within a 24-hour period of the first dose
	–The study had a 12-month treatment period with study visits at days 30, 90,
and every 90 days afterward; patients could elect to remain on therapy after
the main treatment period ended
	–Each patient or care partner was provided with a diary to record seizure
timing and drug administration
• At each visit, the seizure and dosing information from the diary, including

the time when the seizure occurred, when it ended, and the time of dosing,
were recorded on the case report form

• Seizure types were not specified in the diary; untreated ­s­eizures were not 
recorded

Patients
• Enrolled patients had a clinical diagnosis of epilepsy and, in the opinion of

the investigator, might need benzodiazepine treatment for seizure control at
least once every other month on average (ie, ≥6 times a year) despite a stable 
regimen of daily ASM

• Key inclusion criteria
	–Female or male patients aged 6–65 years
	–Diagnosis of partial (ie, focal) or generalized epilepsy with motor seizures or
seizures with clear alteration of awareness
	–Availability of a qualified care partner or medical professional who could 
administer study medication in the event of a seizure

• History of status epilepticus or seasonal allergies/rhinitis was permitted; no
restriction was made on concomitant use of benzodiazepines (eg, clobazam)

• Key exclusion criteria
	–History of a clinically significant medical condition that would ­jeopardize the 
patient’s safety
	–Major depression or a past suicide attempt or suicidal ideation 

Treatment
• Age- and weight-based doses of diazepam nasal spray were administered14,15

	–Care partners and patients were instructed to administer a second dose of
diazepam nasal spray 4–12 hours after the first dose if ­needed to control a 
seizure cluster

– Investigators could adjust doses or timing of second doses (eg, up to 24 hours)
for effectiveness or safety if there were no safety concerns associated with 
the change

• Incidence and severity of treatment-emergent adverse events were collected,
and relationship to therapy was assessed

Seizure-Cluster Temporal Analysis 
• Seizure clusters were identified from the seizure diaries of 163 patients in the 

safety population, and timing of seizure that prompted treatment, diazepam
administration, and seizure termination were calculated

• Data preparation included removal of observations with missing date/time
information, duplicate entries, seizures >24 hours in duration, and dose
administration or seizure termination >1 minute before seizure start

• Descriptive statistics were calculated to describe temporal patterns and
evaluate the impact of time of dose on seizure patterns

• An analysis was performed on data that excluded all observations with a
seizure duration of <2 minutes; this reduced the possible confounding of
seizures that may have terminated spontaneously without treatment12

• Analyses were also completed on observations from patients with ≥20 treated 
seizures and adult (aged ≥18 years) and pediatric (aged 6–17 years) patients

Results
Overall Study
• A total of 175 patients were enrolled in the phase 3 safety study, and
163 patients received ≥1 dose of diazepam nasal spray and were included in 
the safety population (54.6% female; mean age, 23.1 years); overall safety
and effectiveness results have been published14

	–A total of 3853 seizure clusters were treated with a total of 4390 doses 
	–The mean number of doses per month per patient was 2.3

–The majority of the patients (81.6%) had a duration of exposure ≥12 months
• The safety profile for diazepam nasal spray was consistent with that for 

rectal diazepam14 (Table 1)
• The proportion of clusters for which a second dose of diazepam nasal spray
was administered was used as a proxy for effectiveness in the study

	–Overall, second doses were used in a low proportion of all seizure clusters
(485 seizure clusters; 12.6%)

Table 1. Safety Profile for the Overall Safety Population 

Variable, n (%)

Overall 
Safety Population 

(n=163)

Patients with TEAEs 134 (82.2)

Patients with serious TEAEs   50 (30.7)

   Treatment related 0

   Death     1 (0.6)a

Patients with treatment-related TEAEs   30 (18.4)

Discontinuation due to TEAE     1 (0.6)a

TEAE, treatment-emergent adverse event. aSudden unexpected death in epilepsy, not deemed treatment related.

Data Preparation
• A total of 4466 observations were identified from seizure diaries
• After data preparation (Figure 1), 3225 observations were included in

this analysis

Figure 1. Flowchart of Data Preparation for Analysis of 
Temporal Patterns of Treated Seizure Clusters

Data Preparation

Subanalyses
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1567 observations, ≥18 y)

2496 observations 2484 observations

Deleted observations:
• With invalid values for the date/time of dose

(234 observations)
• With seizure stop time before seizure start

time (3 observations)
• With seizure duration >24 h (15 observations)
• That are duplicates (14 observations)
• With dose date/time not within seizure

start-stop dates/times (975 observations)

Selected observations from
patients with ≥20 treated
seizures

Deleted observations
with total seizure duration
0–2 min (729 observations)

Temporal Analysis
• Overall (n=3225 observations), median times (ranges) to dose administration,

from administration to seizure termination, and total seizure duration
were 2 (0–750), 3 (0–1440), and 7 (0–1440) minutes, respectively

• When grouped by median times from seizure start to dose administration,
median time from administration to seizure termination was substantially
faster for seizures treated 0 to <5 minutes after seizure start (2 min)
­compared with doses ­administered ≥5 minutes after seizure start (10 min)
(Figure 2)

	–Similar results were obtained when all observations of treated seizures
<2 minutes in duration were removed (not shown)

• Results were nearly identical for a subset of patients with ≥20 ­observations
(n=2484 total observations from 61 patients) (Figure 3)

	–Among those in this group treated in <5 minutes, median time to dose
was 1 minute; dosing to seizure termination, 3 minutes; and total seizure
duration, 4 minutes
	–For those treated in ≥5 minutes, median time to dose was 10 minutes; 
dosing to seizure termination, 11 minutes; and total seizure duration,
25 minutes

Figure 2. Time to Dose Administration, Time From Dose to  
Seizure Termination, and Total Seizure Duration by Time to 
Dose Administration (n=3225 Observations)a 

25.0

20.0

15.0

10.0

5.0

0
Dose Administered <5 min Dose Administered ≥5 min

(n=2169) (n=1056)

M
e

d
ia

n
 T

im
e

 (
m

in
)

2.0
(0–1440)1.0

(0–4)

4.0
(0–1440)

10.0
(0–1150)

10.0
(5–750)

23.0
(5–1170)■ Time to Dose Administration

■ Time to Seizure Termination
■ Total Seizure Duration

aBecause reported times are median, time to dose administration and time from dose to termination do not 
necessarily sum to total seizure duration.

Figure 3. Time to Dose Administration, Time From Dose to  
Seizure Termination, and Total Seizure Duration Among Patients 
With ≥20 Seizures (n=2484 Observations) 
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• When analyzed by age groups of adults (18–65 years; n=1567 observations) and pediatric patients (6–17 years; n=1658 observations), 
results were comparable (Figure 4)

Figure 4. Time to Dose Administration, Time From Dose to Seizure Termination, and Total Seizure Duration for 
Pediatric Patients (n=1658 Observations) and Adult Patients (n=1567 Observations) 
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Conclusions and Nursing Implications
• In this long-term study of diazepam nasal spray as seizure-cluster RT, shorter time to treatment was associated

with shorter time to seizure-cluster termination and overall shorter seizure duration in real-world settings

– Time to seizure termination was substantially shorter in patients treated in <5 minutes after seizure onset than
in patients with delayed treatment (≥5 min)

– Seizure clusters are often readily recognizable16 and provide an opportunity to treat quickly

• This post hoc analysis supports the applicability of these findings to multiple populations, including the overall 
study population, a group with a large number of treated seizure clusters, and adults and pediatric patients

–These data reinforce the value of prompt recognition and treatment intervention, which may help minimize
risk of injury and additional healthcare utilization

–Prompt treatment can potentially increase patients’ and caregivers’ sense of empowerment and enhance their
quality of life

• Nurses, who are central to patient care, can incorporate these findings, along with their own clinical expertise, 
into their knowledge and use of RTs in epilepsy

– This information can be translated and integrated appropriately into patient care and education and be shared
with other healthcare professionals

Acknowledgments  Editorial support was provided by David McLay, PhD, of The Curry Rockefeller Group, LLC (Tarrytown, NY), and was funded by Neurelis, Inc.

Disclosures  Dr Becker is a consultant/speaker for Neurelis, Inc; SK Life Science; UCB; and Jazz Pharmaceuticals and received research support from SK Life Science.
Dr Jarrar is an advisor for Neurelis, Inc. Dr Stern is a consultant for Eisai; Jazz; Neurelis, Inc.; SK Life Science; and UCB. Dr Rabinowicz is an employee of and has received stock 
options from Neurelis, Inc. Dr Carrazana is an employee of and has received stock and stock options from Neurelis, Inc. 

References  1. Chen Z, et al. JAMA Neurol. 2018;75(3):279-286.  2. Gidal B, et al. J Pharm Pract. 2022;doi:10.1177/08971900221126570:
8971900221126570.  3. De Baetselier E, et al. Nurs Open. 2022;9(6):2562-2571.  4. Prevos-Morgant M, et al. Rev Neurol (Paris). 2019;175(3):189-193. 
5. Almohaish S, et al. J Clin Med. 2021;10(8):1754.  6. Gainza-Lein M, et al. JAMA Neurol. 2018;75(4):410-418.  7. Mitchell WG, et al. Epilepsia. 1999;40(11):
1610-1617.  8. Nayzilam® (midazolam nasal spray). Full Prescribing Information. UCB, Inc.; 2023.  9. VALTOCO® (diazepam nasal spray). Full Prescribing
Information. Neurelis, Inc.; 2023.  10. Cloyd J, et al. Epilepsia. 2021;62(4):846-856.  11. Penovich P, et al. Epilepsy Behav. 2021;121(Pt A):108013.  
12. Meritam Larsen P, et al. Epilepsia. 2023;64(2):469-478.  13. Glauser T, et al. Epilepsy Curr. 2016;16(1):48-61.  14. Wheless JW, et al. Epilepsia.
2021;62(10):2485-2495.  15. Sperling MR, et al. Epilepsia. 2022;63(4):836-843.  15. Dreifuss FE, et al. N Engl J Med. 1998;338(26):1869-1875.

Abstract Description 
• Nurses play a central role in medication management

for people with epilepsy, and they require up-to-date
information on rescue therapy for seizure clusters. This
post-hoc analysis explored temporal patterns of seizure
clusters treated with diazepam nasal spray, finding that 
treatment within 5 minutes was associated with faster
seizure termination.

Introduction
• More than one-third of people with epilepsy continue to

have seizures despite a stable regimen of daily antiseizure
medication (ASM)1

• Benzodiazepines are the cornerstone of rescue therapy
(RT) for seizure clusters2

• Nurses play a central role in caring for patients with
epilepsy, including educating patients and families on
the appropriate use of RT3

	–Nurses also provide an important educational resource
for other healthcare professionals on advances in
epilepsy care4

• Delay in initiating treatment has been associated with
­longer times to achieve seizure control, lower effectiveness,
more adverse events, and worse outcomes5,6

• Prompt treatment with rectal diazepam gel has been
calculated to decrease emergency room visits7; the
administration requires multiple steps, including partial
disrobing of patient and preparation of the device,2 which
may delay treatment

• Intranasal formulations of midazolam8 and diazepam9

in prefilled delivery systems are easy to use and 
lend themselves to rapid administration,10 including
self-administration11

• Diazepam nasal spray (Valtoco®) is indicated for the acute
treatment of intermittent, stereotypic episodes of frequent
seizure activity (ie, seizure clusters, acute repetitive seizures)
that are distinct from a patient’s usual seizure pattern in
patients with epilepsy 6 years of age and older9

• Seizures typically stop spontaneously within 2 minutes,12

and guidelines from the American Epilepsy Society for
the treatment of status epilepticus recommend an initial
5-minute period of seizure first aid before initiating RT, 
preferably with a benzodiazepine13

• Little is known about the impact of timing of administration
of RT during a seizure in a seizure cluster

• Seizure diary data collected during a long-term safety
study of diazepam nasal spray provided an opportunity to
explore temporal patterns of seizure clusters treated with
diazepam nasal spray RT

Objectives
• The research objective was to characterize temporal 

patterns of time to seizure-cluster treatment with diazepam
nasal spray in relation to time to seizure termination

• The education objective is to provide nurses with new 
information about diazepam nasal spray showing that
treatment of seizure clusters within 5 minutes of onset
leads to shorter time to seizure-cluster termination




