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Abstract
Objective: An exploratory analysis from a long- term, phase 3, open- label, repeat- 
dose safety study of diazepam nasal spray for acute treatment of seizure clusters 
assessed the use of a second dose up to 24 hours after the initial dose and effec-
tiveness in potentially reducing the number of seizures.
Methods: Seizures and doses were recorded in diaries.
Results: Of 175 patients enrolled, 163 received ≥1 dose of diazepam nasal spray 
and were included in the safety population; those patients received a total of 4390 
doses for a total of 3853 seizure clusters. Less than half of these patients used a 
second dose a  least once during the study (79 patients [48.5%]), with a  total of 
485 second doses for seizure clusters (12.6% of all seizure clusters). Among these 
79 patients, 33  (41.8%) used only one  second dose during  the  study  (range: 1– 
82). The proportion of seizure clusters treated with a second dose over time was 
consistently low across 24 h: 0– 4 h, 152 (3.9%); 4– 6 h, 72 (1.9%); 6– 8 h, 39 (1.0%); 
8– 12 h, 55 (1.4%); 12– 16 h, 42 (1.1%); 16– 20 h, 42 (1.1%); 20– 24 h, 83 (2.2%). Rates 
of treatment- emergent adverse events (TEAEs) and treatment- related TEAEs oc-
curring within 1 day of a second dose were low (15.2% and 5.1%, respectively).
Significance: Patients with epilepsy may experience seizure clusters lasting up 
to 24 hours, and little is known about the effectiveness of rescue therapies for that 
duration. The current labeling of the US Food and Drug Administration (FDA)– 
approved outpatient treatments for seizure clusters (rectal diazepam, intranasal 
midazolam, and diazepam nasal spray) allows for a second dose,  if needed, for 
control. These findings support the safety profile of second doses, and the low use 
supports the effectiveness of diazepam nasal spray across 24 hours.
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1   |   INTRODUCTION

Intractable  epilepsy  is  associated  with  a  significant  risk 
of seizure clusters,1,2 which can be described as bouts of 
increased seizure activity3 that pose a risk of progression 
to prolonged seizures or status epilepticus and potentially 
death.1,4 The proportion of patients with epilepsy who ex-
perience seizure clusters has varied in published reports, 
as has the duration of seizure clusters, which may persist 
for 24 h or longer.2

A large study using a web-  and mobile- based seizure 
diary with data from 28 697 patients with epilepsy from 
a period of ≥60 days found that 5018 patients (17.5%) ex-
perienced seizures occurring as clusters (29 341 events), 
and 1177 had seizure clusters defined as two or more sei-
zures with specified timing within 24 h in a calendar day 
(12:00 am to 11:59 pm) (Fisher et al., 2015); 24.1% of the 
days  with  seizure  clusters  included  2– 5  events.  In  that 
study, seizure clusters had varying durations, with more 
than half (58.5%) of patients having clusters lasting 6 h or 
longer.2 This suggests that rescue therapies that provide 
both short- term and longer- term benefit are needed.

Response  to  rescue  therapy  can  differ  among  pa-
tients,  and  some  require  a  second  dose  of  medication 
should  seizures  persist  after  administration  of  a  first 
dose.  The  three  US  Food  and  Drug  Administration 
(FDA)─approved  rescue  therapies  for  outpatient  treat-
ment of seizure clusters (ie, rectal diazepam, intranasal 
midazolam, and diazepam nasal spray) all allow for sec-
ond doses if needed.5– 7 Examination of the use of second 
doses of rescue therapy for seizure- cluster control may 
better characterize seizure clusters. Evaluating whether 
and  when  second  doses  are  used  may  help  illuminate 
the  effectiveness  of  these  therapies  in  controlling  and 
potentially  mitigating  the  severity  and  duration  of  sei-
zure clusters.

The  results  presented  here  are  from  the  completed 
long- term, phase 3, open- label, repeat- dose, safety study 
of  diazepam  nasal  spray  (Valtoco).8  Diazepam  nasal 
spray is a proprietary intranasal formulation that is ap-
proved by the FDA for the acute treatment of intermit-
tent, stereotypic episodes of frequent seizure activity (ie, 
seizure  clusters,  acute  repetitive  seizures)  in  patients 
with  epilepsy  6  years  of  age  and  older.7  In  this  study, 
second doses of diazepam nasal spray could be admin-
istered as needed to control a seizure cluster. This anal-
ysis assesses the use of a second dose of diazepam nasal 
spray  in  the  first  24  h  after  initial  treatment  during  a 

seizure cluster and reports treatment- emergent adverse 
events (TEAEs).

2   |   MATERIAL AND METHODS

2.1  |  Study design

This  was  a  long- term,  phase  3,  repeat- dose,  open- label, 
safety  study of diazepam nasal  spray  that was completed 
in July 2020 (ClinicalTrials.gov  identifier, NCT02721069). 
Overall results from this study have been published previ-
ously.8  Study  investigators  obtained  institutional  review 
board  or  ethics  committee  approval  of  the  protocol  and 
other documents, and the study was conducted in accord-
ance  with  the  Declaration  of  Helsinki  and  Good  Clinical 
Practice (GCP) according to the International Conference 
on  Harmonization  guidelines.  Written  consent  was  ob-
tained from each patient prior to participation in the study 
in compliance with the Declaration of Helsinki, GCP, and 
federal and local regulations.

Diazepam nasal spray was administered as needed for 
seizure clusters during a treatment period of 12 months, 
with study visits on day 30 and every 60 days afterward. 
After day 365, patients could elect to continue on therapy. 
The primary purpose of the study was to assess the safety 
of diazepam nasal spray for treatment of seizure clusters. 

K E Y W O R D S

acute repetitive seizures, diazepam, intranasal, rescue

Key Points
•  Patients  with  intractable  epilepsy  are  at  high 

risk for seizure clusters, which may have a du-
ration of 24 h or longer

•  Diazepam  nasal  spray  is  approved  by  the  US 
Food and Drug Administration (FDA) for acute 
treatment  of  seizure  clusters;  a  second  dose 
may be used if needed to control a cluster

•  This  analysis  from  a  phase  3  safety  study  as-
sesses use of a second dose of diazepam nasal 
spray within 24 h of the initial treatment

•  Of a total of 3853 seizure clusters, use of a sec-
ond  rescue  dose  of  diazepam  nasal  spray  was 
low overall (12.6% of seizure clusters)

•  The  safety  profile  of  the  subgroup  that  used 
≥1 second dose was consistent with that of the 
safety population for the overall study
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Use of a second dose, which was captured in patient dia-
ries, was used as a proxy for effectiveness.

2.2  |  Patients

Male or female patients, 6– 65 years of age, were enrolled 
if they had a diagnosis of epilepsy and their physician de-
termined  that  rescue  benzodiazepine  therapy  was  war-
ranted for management of seizure clusters that occurred 
at  least once every other month on average despite use 
of  chronic  antiseizure  medications.  Patients  had  a  di-
agnosis  of  either  focal  (localization- related)  or  general-
ized  epilepsy  and  still  experienced  clusters  of  seizures 
(eg,  frequent  breakthrough  seizures  or  acute  repetitive 
seizures) that produced either motor behavior or altera-
tion of awareness. Other key inclusion criteria were the 
availability  of  a  qualified  care  partner  or  medical  pro-
fessional who could administer study medication in the 
event of a seizure and no clinically significant abnormal 
findings in the medical history, physical examination, or 
electrocardiography.

Key exclusion criteria included history of active major 
depression, past suicide attempt, or suicidal ideation; his-
tory of clinically significant disease or medical condition 
that would jeopardize the safety of the patient; history of 
allergy or adverse response to diazepam; pregnancy; and 
positive blood screen for HIV, hepatitis B or C, or alcohol 
or drugs of abuse. Patients with a history of status epilep-
ticus were not excluded, neither were patients with con-
comitant chronic or  intermittent use of benzodiazepines 
or seasonal allergies/allergic rhinitis.

2.3  |  Administration and dosing

Care partners and patients were trained to administer age-  
and weight- based doses (5, 10, 15, or 20 mg) of diazepam 
nasal spray, and were given instructions to administer a 
second dose 4 to 12 h after the first dose if needed to con-
trol a seizure cluster (Figure S1). Study investigators could 
adjust the dose of diazepam nasal spray as clinically war-
ranted  for  effectiveness  or  safety,  and  they  could  adjust 
the  timing  of  the  second  dose  as  well.  Second  doses  for 
treatment of a single cluster were allowed throughout the 
study and were not necessarily administered to a patient 
on a regular basis.

Care partners and patients were given a  study  subject 
diary and  instructions on how to record seizure and dos-
ing  information,  including  the  time  the seizure occurred, 
when it ended, the dose, and the date and time of the dos-
ing.  Treatment- emergent  adverse  events  (or  TEAEs),  in-
cluding TEAEs at  least possibly related  to  the study drug 

that  occurred  in  the  home  setting  after  dosing  were  also 
recorded in the diary. During study visits, information from 
the diary was recorded on the patient's case report form.

2.4  |  Analysis

This  analysis  assessed  how  many  times  second  doses 
were  used  per  patient  for  a  seizure  cluster  and  the 
percentage  of  each  patient's  seizure  clusters  that  were 
treated  with  second  doses  during  the  study.  Seizure 
clusters were defined as two or more seizures in a 24- h 
period. The percentage of each patient's seizure clusters 
treated with second doses was grouped  in ranges  from 
1%– 5%,  6%– 10%,  11%– 20%,  21%– 40%,  and  >40%  in  the 
analyses. Times to the second dose in a seizure cluster 
were  analyzed  by  grouping  in  categories  of  <4,  >4– 6, 
>6– 8,  >8– 12,  >12– 16,  and  >16– 24  h  after  the  initial 
dose (use of second doses <4 or >12 h was not specified 
in the protocol but was allowed).

TEAEs  were  recorded  by  Medical Dictionary for 
Regulatory Activities preferred terms. Summary data were 
provided for all patients and specifically for the subgroup 
of patients who received a second dose of diazepam nasal 
spray at least once during the study. In addition, for those 
receiving a second dose, TEAEs occurring within a day of 
that dose were summarized.

3   |   RESULTS

At the completion of the phase 3 safety study of diazepam 
nasal spray, 175 patients had been enrolled, and 163 pa-
tients  were  treated  (54.6%  female;  mean  age  23.1  years 
[range: 6– 65]) and included in the safety population (Table 
1). A total of 117 patients completed the study, resulting in 
an overall retention rate of 71.8% (117/163). No patients 
discontinued due to a treatment- related TEAE or lack of 
efficacy. The majority of the 46 discontinuations (≥5 pa-
tients) were due to withdrawal by the patient (n = 19), lost 
to follow- up (n = 11), and study closure (n = 7).

Most  patients  (81.6%)  had  a  duration  of  exposure 
≥12  months,  and  the  median  duration  in  the  study  was 
15.0 months (mean, 17.4 months; range, 1.8– 40.4 months). 
Based on total doses a patient received, including second 
doses,  a  majority  of  patients  (52.8%)  averaged ≥2  doses 
per month, and mean doses per patient per month were 
2.3  (median,  2.0;  range  1– 10).  During  the  duration  of 
the study, 16 patients had their dose adjusted to the next 
higher  dose  (ie,  an  additional  5  mg  to  the  prior  dose), 
two had doses adjusted up two dose levels (10 mg added to 
the prior dose), and one had the dose reduced to the next 
lower level (decreased 5 mg from the prior dose).
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In the overall safety population of 163 patients, a total 
of 4390 doses of diazepam nasal spray were administered 
for a total of 3853 seizure clusters. Among patients, slightly 
less than half of the safety population, 79 patients (48.5%) 
used a second dose of diazepam nasal spray within 24 h of 
the first dose on one occasion or more during the study; 84 
patients (51.5%) did not use a second dose after receiving 
the  initial  dose. The  percentage  of  patients  using  second 
doses was not consistent across the duration of this long- 
term  study,  Patients  included  in  the  second  dose  group 
had used a second dose at any point during the study. As 
a proportion of treated seizure clusters, a second dose was 
administered within 24 h of the first dose for 485 (12.6%); 
thus, the large majority of seizure clusters in the study were 
controlled with one dose. For 52 doses, the patient diaries 
did not specify whether the doses were administered as the 
first or second dose within 24 h.

Baseline demographic characteristics for the subgroup 
who  received  second  doses  were  similar  to  those  of  the 
overall population (Table 1). As in the overall population, 
most  patients  who  received  second  doses  (82.3%)  had  a 
duration  of  exposure  of ≥12  months. The  retention  rate 

in the study for this subgroup was 73.4%. The number of 
second  doses  administered  ranged  from  1  to  82  per  pa-
tient during the duration of the study (median, 2.0 second 
doses; mean, 6.1 second doses). Of the 79 patients using 
a second dose, 33 patients (41.8%) received a second dose 
only once during the study (Figure 1).

Of  the  patients  who  used  at  least  one  second  dose, 
nearly half (36 of 79 [45.6%]) received a second dose for 
<11%  of  their  seizure  clusters,  and  only  5.1%  (four  pa-
tients)  had  >40%  of  their  clusters  treated  with  second 
doses (Figure 2). Among seizure clusters occurring in the 
79 patients who ever used a second dose, a median pro-
portion of 11.5% were treated with both a first and second 
dose for ≥1 seizure cluster.

Second doses were distributed relatively evenly across the 
time periods up to 24 h (Figure 3). Because patients could use 
second  doses  at  different  timepoints  throughout  the  study, 

F I G U R E  1  Frequency of second dose use of diazepam nasal 
spray in the safety population (N = 163 patients)

F I G U R E  2  Percentage of an individual patient's total seizure 
clusters treated with a second dose of diazepam nasal spray (N = 79 
patients)

Variable
Second- dose subgroup
(n = 79)

Overall population
(N = 163)

Sex, n (%)

Male 39 (49.4) 74 (45.4)

Female 40 (50.6) 89 (54.6)

Age, years

Mean (SD) 22.7 (15.1) 23.1 (15.1)

Range 6 to 59 6 to 65

Weight, kg, mean (SD) 60.0 (36.0) 60.2 (33.6)

Duration of exposure, n (%)

<6 mo 2 (2.5) 9 (5.5)

6 to <12 mo 12 (15.2) 21 (12.9)

≥12 mo 65 (82.3) 133 (81.6)

T A B L E  1   Demographics and 
exposure to diazepam nasal spray in 
the second- dose subgroup and overall 
population
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some patients were counted in multiple timing categories. Of 
the 152 second doses used within 4 h of the first dose, second 
doses for discrete periods were similar across the timepoints: 
44 (11 patients) were administered in 0– 10 min, 23 (13 pa-
tients) in >10– 30 min, 16 (10 patients) in >30 min to 1 h, 28 
(17 patients) in >1– 2 h, 17 (n = 10 patients) in >2– 3 h, and 24 
(12 patients) in >3– 4 h. A total of 485 second doses were used 
within 24 h (79 patients) of the first dose.

3.1  |  Safety

TEAEs were reported for 134 patients (82.2%) in the overall 
safety population (163 patients), with events considered to 
be at least possibly treatment- related (TR- TEAEs) reported 
in 18.4% of patients  (Table 2). Of  the 79 patients using at 
least  one  second  dose  during  the  study,  67  (84.8%)  had 
TEAEs,  and  19  (24.1%)  had  TR- TEAEs.  Twenty- eight  pa-
tients (35.4%) had serious TEAEs, including 6 (7.6%) with 
important medical events and 25 (31.6%) requiring or pro-
longing  hospitalization;  no  serious  TEAE  was  considered 
treatment  related.  Among  163  patients,  “seizure  cluster” 
specifically  was  listed  as  a  serious  TEAE  in  two  patients. 
One death (sudden unexpected death in epilepsy) and one 
discontinuation due to a TEAE (major depression) was re-
corded for patients in the subgroup that used second doses; 
neither event was considered to be treatment- related.

Treatment- emergent adverse events within 1 day of a 
second dose were reported for 12 patients (15.2%) (Table 
3). The  most  common TEAEs  within  1  day  of  a  second 
dose  (≥2% of patients) were seizure, epistaxis, and vom-
iting (each 2.5%). Four patients (5.1%) had TEAEs within 
1  day  of  a  second  dose  that  were  TR- TEAEs;  the  most 

common and only event in ≥2% of these patients was ep-
istaxis (2.5%).

4   |   DISCUSSION

Second doses of rescue medication may be needed to con-
trol seizure clusters when seizures persist after an initial 
dose  of  rescue  drug.  In  this  cohort  with  intractable  epi-
lepsy, the use of a second rescue dose of diazepam nasal 
spray  within  a  seizure  cluster  was  relatively  low  overall 
(12.6%  of  seizure  clusters)  and  relatively  uncommon  in 
most who used a second dose. Most patients who required 
a second dose only used  that dose one or  two  times,  for 
a  small  proportion  of  their  clusters  over  the  duration  of 
the study. The amount of diazepam was adjusted upward 
in only a small number of patients during the study, and 
this had a modest effect on the need for second doses; the 
ability to safely increase the initial dose represents a ben-
efit of the drug, allowing physicians to accommodate pa-
tient need. Finally,  the  rate of TEAEs  for patients using 
second doses was similar to that in the overall population, 
so  there  appears  to  be  no  significant  added  risk  when  a 
second dose is used in a seizure cluster.

The rate of use of a second dose by timepoints was con-
sistently  low throughout  the 24- h period, with relatively 
similar use between early and late timepoints after initial 
dosing, suggesting that there is no loss of effectiveness of 
the first dose over time. In a separate study that used di-
aries to characterize untreated seizure clusters, one- third 
of second seizures occurred within 3 h of the initial sei-
zure  and  two- thirds  of  second  seizures  occurred  within 
6 h of the initial seizure in the cluster, with the number 
of  seizures  at  later  timepoints  increasing  over  time  (ie, 
<10 min, 5  second seizures; 11– 30 min, 438 second sei-
zures; 31– 60 min, 409 second seizures; 1– 2 h, 818 second 
seizures; 2– 3 h, 852 second seizures; 3– 6 h, 1929 second 
seizures).2 A historically controlled study in patients with 
seizure cluster or status epilepticus measured seizure du-
ration prior to the introduction of intermittent home ther-
apy. During the period without treatment, 611 events were 
reported, and 75.6% had a duration  longer  than 30 min, 
most lasting hours to days.9 In the present study, the effec-
tiveness of the first dose of diazepam nasal spray is sup-
ported  by  the  reduced  need  for  second  doses  over  24  h; 
this  suggests  that  the  first dose of diazepam nasal  spray 
alters  the  natural  history  of  the  cluster. This  may  occur 
because of the persistent bioavailability of diazepam over 
24 h, or more likely, because the first diazepam dose “re-
sets” the system and abolishes the tendency for additional 
seizures. The time- limited duration of some clusters un-
doubtedly contributes to the lack of need for a second dose 
in some patients as well.

F I G U R E  3  Time to second dose when used
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Second dose use in large (≥100 patients with ≥1000 sei-
zure clusters), long- term (≥12 months), open- label studies 
with generally similar designs evaluating rectal diazepam 
and intranasal midazolam also can provide context to the 
results  of  this  study  of  diazepam  nasal  spray.  Together, 
these  studies may offer  insights  into  the need  for multi-
ple doses of rescue therapy for controlling a seizure clus-
ter and the timing associated with those doses. The three 
studies all included populations with intractable epilepsy 
and seizure clusters that were treated with rescue therapy 
by nonmedical caregivers in the community setting. The 
rectal diazepam study included 149 patients 2 to 76 years 
of age who were treated for a total of 1578 seizure clusters 
defined by 12 h; although second doses of rectal diazepam 
were not provided for all patients per protocol, 363 of the 

initial  administrations  (23%)  lacked  efficacy,  suggesting 
that a second dose may have been appropriate.10 The open- 
label  extension  trial  of  midazolam  nasal  spray  study  in-
cluded 161 patients 12 to 62 years of age who were treated 
for 1998 total seizure clusters; a second dose was used for 
38.5% of administrations within 6 h. In the present study, 
second doses of diazepam nasal spray were administered 
at a lower rate than reported for rectal diazepam and in-
tranasal midazolam.  In  this  study,  second doses of diaz-
epam  nasal  spray  were  used  for  5.8%  of  administrations 
in 6 h, 8.3% in 12 h, and 12.6% in 24 h. However, our co-
hort may have differed in its cluster characteristics  from 
those in previous studies, and a randomized comparison 
trial would be required to definitively assess differences in 
need for a second dose.

Category, n (%)
Second- dose subgroup
(n = 79)

Overall population
(N = 163)

Number of patients with TEAEs 67 (84.8) 134 (82.2)

Number of patients with SAEs 28 (35.4) 50 (30.7)

Death 1 (1.3)a 1 (0.6)a

Important medical events 6 (7.6) 10 (6.1)

Requires/prolongs 
hospitalization

25 (31.6) 44 (27.0)

Number of patients who 
discontinued due to a TEAE

1 (1.3)a 1 (0.6)a

Number of patients with 
treatment- related TEAEs

19 (24.1) 30 (18.4)

Most common TEAEs (>5% in the second dose group)

Seizure 16 (20.3) 31 (19.0)

Nasopharyngitis 15 (19.0) 20 (12.3)

Upper respiratory tract 
infection

10 (12.7) 20 (12.3)

Influenza 9 (11.4) 13 (8.0)

Pyrexia 8 (10.1) 17 (10.4)

Somnolence 8 (10.1) 11 (6.7)

Vomiting 7 (8.9) 9 (5.5)

Diarrhea 6 (7.6) 9 (5.5)

Headache 6 (7.6) 7 (4.3)

Nausea 6 (7.6) 8 (4.9)

Constipation 5 (6.3) 8 (4.9)

Epilepsy 5 (6.3) 6 (3.7)

Nasal discomfort 5 (6.3) 10 (6.1)

Status epilepticus 5 (6.3) 7 (4.3)

Urinary tract infection 5 (6.3) 11 (6.7)

Cough 4 (5.1) 8 (4.9)

Ear infection 4 (5.1) 7 (4.3)

Pneumonia 4 (5.1) 12 (7.4)

Abbreviation: SAE, serious adverse event.
aNot deemed possibly or probably treatment related.

T A B L E  2   Treatment- emergent 
adverse events (TEAEs) in the second- 
dose subgroup and overall population
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4.1  |  Limitations

Seizure  diaries  were  used  to  collect  patient-   and  care 
partner– reported outcomes. Diary use has limitations, as it 
depends on such factors as understanding of instructions, 
completeness of reporting, and awareness of seizures.11 In 
addition, as a safety study with no controls, this study was 
not powered to test statistical differences between groups 
of patients, thereby limiting the ability to make strong con-
clusions. However, controls were not required in the diaz-
epam nasal spray approval pathway due to the use of the 
proven  agent  (diazepam)  and  bioavailability  comparable 
to that of the reference formulation (diazepam rectal gel).

5   |   CONCLUSIONS

Second  doses  of  diazepam  nasal  spray  are  infrequently 
needed  in  seizure  clusters,  suggesting  that  a  sustained 
treatment  effect  is  obtained  after  administration  of  the 
first  dose.  Because  there  is  no  increasing  need  for  the 

second dose over 24 h, this suggests that the natural his-
tory of clusters is altered by therapy. Should a second dose 
be needed, the data support safety and tolerability of this 
dose.
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Category, n (%)
Second- dose subgroup
(n = 79)

Number of patients with TEAEs 12 (15.2)

Seizure 2 (2.5)

Epistaxis 2 (2.5)

Vomiting 2 (2.5)

Administration site pain 1 (1.3)

Dysgeusia 1 (1.3)

Gastrointestinal reflux disease 1 (1.3)

Headache 1 (1.3)

Hematuria 1 (1.3)

Infected cyst 1 (1.3)

Nausea 1 (1.3)

Pyrexia 1 (1.3)

Sedation 1 (1.3)

Somnolence 1 (1.3)

Status epilepticus 1 (1.3)

Thrombocytopenia 1 (1.3)

Tooth infection 1 (1.3)

Number of patients with treatment- 
related TEAEs

4 (5.1)

Epistaxis 2 (2.5)

Administration site pain 1 (1.3)

Dysgeusia 1 (1.3)

Somnolence 1 (1.3)
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