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Purpose: People with epilepsy may experience seizure clusters despite a stable regimen of antiseizure medications. Such clusters 
have the potential to last ≥24 hours, typically occur in the community setting, and may progress to medical emergencies, such as status 
epilepticus, if untreated. Thus, long-acting rescue therapy for seizure clusters is needed that can be administered by nonmedical 
individuals outside a hospital. Benzodiazepines are the foundation of rescue therapy for seizure clusters. The approved outpatient 
treatments (ie, diazepam, midazolam) have differing profiles that may affect multiple aspects of health-care utilization. The current 
labeling of these medications allows for a second dose if needed to control the cluster. Although no head-to-head studies directly 
comparing rescue treatments have been conducted, differences between studies with generally similar designs may provide context for 
the potential importance of second doses of rescue therapy on health-care utilization.
Methods: For this analysis, large, long-term, open-label studies of approved seizure-cluster treatments designed for use by 
nonmedical caregivers were reviewed, and the percentage of seizure clusters for which a second dose was used or that were not 
controlled at 6, 12, and 24 hours was examined. Available data on hospitalizations were also collected.
Results: The 3 identified studies meeting the inclusion criteria were for use of diazepam rectal gel, intranasal midazolam, and 
diazepam nasal spray. Across these studies, the use of a second dose ranged from <40% at 6 hours to <13% at 24 hours. 
Hospitalizations and serious treatment-emergent adverse events were reported variably across these studies.
Conclusion: These results demonstrate the importance of second doses of rescue therapy for seizure clusters for optimizing health- 
care utilization. Need for second doses should be included as one component. In turn, when second doses are needed, they have the 
potential to curtail emergency department use and hospitalization and to prevent further seizure clusters.
Keywords: diazepam, midazolam, nasal, rectal, acute repetitive seizures, twenty-four hours

Plain Language Summary
Some people with epilepsy who take daily medicine may still have seizures. Groups of these seizures might occur in clusters, and 
they are an emergency. These clusters are more likely to happen at home than in a hospital. If not treated, these clusters can last 24 
hours or more and lead to status epilepticus. The 3 approved treatments are diazepam rectal gel, diazepam nasal spray, and 
intranasal midazolam. If a cluster does not stop, care partners can give a second dose of these drugs. Seizure clusters can be 
a burden to people with epilepsy and their families, and clusters may need an extra dose and even lead to a hospital visit. The 3 
types of rescue therapy may have different needs for second doses and hospital visits. Until now, though, no studies have 
compared rescue therapies for these differences. We searched for large, published studies on the treatment for seizure clusters. 
There were 3 similar studies, with one for each drug. For these studies, we looked at the number of times second doses were used 
or needed at 6, 12, and 24 hours after the first dose. We found that the need for second doses was different in each study. The 
diazepam nasal spray study had the lowest use of second doses. The different studies described hospital visits in ways that were 
not directly comparable. Differences between treatments may affect epilepsy burden. Results of our comparison may help with 
choosing a rescue therapy.

Neuropsychiatric Disease and Treatment 2022:18 2431–2441                                            2431
© 2022 Rabinowicz et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 14 June 2022
Accepted: 29 September 2022
Published: 25 October 2022

http://orcid.org/0000-0003-1299-0606
http://orcid.org/0000-0001-7415-8044
http://orcid.org/0000-0001-8788-0722
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Introduction
About 3.4 million persons in the United States live with epilepsy,1 and associated health-care spending for seizure or 
epilepsy was recently estimated to represent an incremental cost of $24.5 billion annually, a figure that has increased with 
time.2 Refractory epilepsy increases the risk of seizure emergencies and health-care utilization.3 Seizure clusters, also 
referred to as acute repetitive seizures, often occur outside the hospital4 and may persist for 24 hours or more.5 An 
empirical definition for a seizure cluster of ≥2 seizures across a period of time different from the person’s normal seizure 
pattern has been used in the literature.5,6 Weekly, monthly, and annual seizure cycles have also been described.7 Prompt, 
effective treatment of seizure clusters is critical to prevent prolonged seizures or status epilepticus.8 Untreated, seizure 
emergencies often require paramedic or emergency room (ER) treatment, creating a burden for the person with epilepsy, 
their family, and the healthcare system. Thus, seizure clusters may lead to a higher overall burden of epilepsy due to 
hospitalizations, reduced quality of life, and possibly increased risk of mortality.3

Benzodiazepines are the cornerstone of rescue therapy for people with epilepsy who experience seizure clusters.6 

Rectal diazepam was approved by the US Food and Drug Administration (FDA) for the treatment of seizure clusters 
more than 20 years ago.8 However, this route of administration may raise concerns for many people with epilepsy and 
caregivers (eg, social acceptability) and may have substantial interperson variability in bioavailability.6,9

Intranasal administration of rescue therapy offers advantages over other routes of administration, including being 
more socially acceptable than rectal administration, ease of administration, and rapid onset of action.10 Nasal spray 
formulations of midazolam and diazepam are now FDA approved for treatment of seizure clusters.11,12

Epilepsy may be associated with a high economic burden, with estimated annual per-person direct costs due to 
epilepsy of nearly $8000 to more than $11,000 per person (2013).13 In particular, substantial burden is associated with 
lack of seizure control. For people with uncontrolled epilepsy, annual epilepsy-related overall health-care costs were 
$6658 and $9713 higher (2007–2009) for adults and children, respectively, when compared with adults and children 
whose epilepsy was controlled.14,15 The odds ratios for epilepsy-related ER usage and hospitalization were about twice as 
high in uncontrolled epilepsy, and were associated with 33.2% (adults) and 47.1% (children) of the additional cost.14,15 

Before enrollment in a study of diazepam rectal gel, 24% of people with epilepsy who had seizure-cluster episodes 
required treatment by paramedics or in the ER.16 An analysis of efficacy results from that study suggested that rescue 
with diazepam rectal gel may reduce the need for ER treatment by ≥50% vs placebo.16

Indications and approved rescue treatments reflect regulatory differences across regions. In the United States, labeling 
of approved rescue medications for seizure clusters allows for a second dose, if needed to control the cluster in order to 
potentially reduce additional morbidity and more extensive health-care utilization. Although no head-to-head studies 
directly comparing rescue treatments have been conducted, the side-by-side examination of studies and use of second 
doses suggestive of real-world experience described here may help to form context for understanding how the use 
of second doses to control clusters may impact overall epilepsy cost burden.

Materials and Methods
A literature search was conducted to identify long-term open-label studies of seizure-cluster drug treatments for use in 
people with epilepsy by nonmedical caregivers in the community setting. Only studies of ≥100 people with epilepsy and 
≥1000 treated seizure clusters with a duration of ≥12 months were to be included, in order to capture a sufficient number 
of clusters that were not controlled by the first dose, given the sporadic nature of the clusters.

PubMed was searched using the search string “seizure clusters AND open label AND treatment”, which returned 
31 records (Figure 1). Article titles were then screened for appropriateness; 19 records were excluded for not 
reporting the following: treatment for epilepsy, people with epilepsy, original research, seizure clusters, drug 
treatment, and nonintravenous treatment. Full-text article contents were reviewed for the remaining 12 records; 9 
of these articles were excluded: 6 that were secondary reports from studies with published primary results, 2 that 
included <100 people with epilepsy, and 1 because the treatment was subsequently approved for an indication other 
than seizure clusters.

The remaining 3 studies were reviewed to gather details, including initial rescue dose as well as requirement for 
a second rescue dose. Other data collected included the following:
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● Number of doses given (if second dose not available per protocol, lack of control after first dose was used as 
a proxy for need for a second dose; this is explained in further detail as relevant to the results from one of the 
studies).

● Characteristics of participant populations.
● Available information on serious treatment-emergent adverse events (TEAEs) and overall relationship to study 

drug.

Brief details on the history of the rescue therapies, study design, and general study results were summarized to provide 
context for the results of the analysis.

Analysis
This analysis summarizes the proportion of treated seizure clusters that require a second dose. The percentage of seizure 
clusters was calculated based on number of initial doses of treatment compared with clusters requiring a second dose 
before 6, 12, and 24 hours, and relative number needed to treat across the different formulations was calculated. No 
adjustment was made for baseline hospitalization rates or severity of epilepsy.

Results
Three studies met the inclusion criteria.16,18,19 These studies evaluated diazepam rectal gel, intranasal midazolam, and 
diazepam nasal spray. Although these studies looked at different time points for use of second doses, the designs of the 3 
studies were generally similar, enrolling populations with highly intractable epilepsy and seizure clusters, and their 
indications in the United States are identical,20–22 allowing for side-by-side evaluation. However, there were some 
differences such as age range, inclusion of concomitant benzodiazepines, and exclusion owing to a history of status 

Figure 1 PRISMA diagram for literature search via PubMed. Adapted from Page MJ, McKenzie, JE, Bossuyt, PM et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ. 2021;n71.17 

Abbreviations: ARS, acute repetitive seizures; IV, intravenous; SC, seizure cluster.
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epilepticus. The diazepam rectal gel study included 149 people with epilepsy who were treated for 1578 total seizure 
clusters; duration of treatment ranged from 2 months to 2.5 years, with 48% on the study for more than 2 years.16 In the 
intranasal midazolam study, 161 people were treated for 1998 total seizure clusters, and the median duration on the study 
was 16.8 months.19 In the diazepam nasal spray study, 163 people were treated for 3853 total seizure clusters, and the 
median duration on the study was 15.0 months.18 None of these studies addressed individual responsiveness to treatment, 
precluding this level of analysis.

Diazepam Rectal Gel
Diazepam rectal gel was approved by the FDA in 1997 and is intended for the acute treatment of intermittent, stereotypic 
episodes of frequent seizure activity (ie, seizure clusters, acute repetitive seizures) that are distinct from the person’s 
usual seizure pattern in people with epilepsy 2 years of age and older.20 It became the mainstay of rescue therapy for 
seizure clusters outside the hospital setting in the United States.8,20 Owing to social concerns about the route of 
administration, this formulation is more likely to be used for younger children rather than adults or older children.23

People with epilepsy in the diazepam rectal gel study were aged 2 to 76 years; 48.3% were 11 years or younger 
(median age not reported).16 Included participants had been enrolled in 1 of 3 previous studies of diazepam rectal gel and 
had not been terminated from that study owing to an adverse event (AE). Participants were excluded if they had habitual 
progression to status epilepticus despite intervention or significant psychiatric disorder. Caregivers of people with 
epilepsy enrolled in the study were instructed on the administration of diazepam rectal gel, which was provided in 
a prefilled single-use syringe. The participant’s dose of study drug was prescribed by a physician based on age and 
weight: 2 to 5 years, 0.5 mg/kg; 6 to 11 years, 0.3 mg/kg; adults (12–76), 0.2 mg/kg. Caregivers were provided with 
a booklet in which to record the episode treated, respiratory rates for 4 hours, and seizure control and AEs for 12 hours.

Because only 1 of the previous source studies had required multiple doses of diazepam rectal gel (2 for children, 3 for 
adults) per episode (N = 125, diazepam rectal gel vs placebo),24 there was limited provision for a second dose of 
diazepam rectal gel in this study.16 If the investigator determined it was necessary for treating the episode, participants 
continuing from that earlier study were allowed 2 doses, 4 hours apart. Other participants received a single dose for each 
episode.16 Current labeling permits a second dose.20

Intranasal Midazolam
Intranasal midazolam was approved by the FDA in 2019 for acute treatment of intermittent, stereotypic episodes of 
frequent seizure activity (ie, seizure clusters, acute repetitive seizures) that are distinct from a person’s usual seizure 
pattern.11,21 It is approved for use in people with epilepsy aged 12 years and older.21

People with epilepsy in the intranasal midazolam study were aged 12 to 62 years, with 5.0% younger than 18 years 
(mean age, 32.9 years).19 Included participants had completed a prior study evaluating the safety and efficacy of 
intranasal midazolam for outpatient treatment of seizure clusters (N = 292, intranasal midazolam vs placebo), and 
>75% of participants had focal seizures.25 Participants were on stable antiseizure-drug regimens but were excluded if 
they had status epilepticus due to cluster progression or a major depressive episode, psychosis, or active suicidality.19 

Caregivers of people with epilepsy enrolled in this study received a treatment kit with 2 doses (ie, first dose and, if 
needed, a second dose) of 5 mg intranasal midazolam at their first study visit. The 5-mg dose was used for all participants 
regardless of age or weight. A trial workbook was provided to caregivers in which to record seizure events. Caregivers 
were to use a single dose for treating a seizure-cluster episode; a second dose could be used if the seizure cluster lasted 
more than 10 minutes or another seizure happened 10 minutes to 6 hours after the initial dose, provided the person with 
epilepsy did not require emergency treatment. Success was assessed as seizure termination within 10 minutes and no 
seizure recurrence 10 minutes to 6 hours after drug administration. In cases in which seizure activity persisted beyond use 
of a second dose, caregivers were instructed to begin rescue protocol per the person’s individualized management plan.19

Diazepam Nasal Spray
Diazepam nasal spray was approved by the FDA in 2020 for the acute treatment of intermittent, stereotypic episodes of 
frequent seizure activity (ie, seizure clusters, acute repetitive seizures) that are distinct from a person’s usual seizure 
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pattern in people with epilepsy.12,22 It is approved for use in people with epilepsy aged 6 years and older.22 Compared 
with diazepam rectal gel, the FDA states that the route of administration for diazepam nasal spray makes it less invasive, 
more comfortable, and easier to administer.26

People with epilepsy in the diazepam nasal spray study were aged 6 to 65 years, with 27.6% younger than 12 years 
(mean age, 23.1 years).18 Included participants were on a stable antiseizure-drug regimen and had an anticipated need for 
benzodiazepine intervention for seizure control on average 6 times per year according to investigator opinion, and 
a history of status epilepticus or concomitant benzodiazepine use was permitted. Participants could not have active major 
depression, past suicide attempt, or history of suicidal ideation.18 Participation in a prior study of diazepam nasal spray 
was not required, and people with epilepsy and caregivers were trained in the proper administration of the diazepam nasal 
spray device at screening and as needed. Dose was based on the person’s age (6–11, 0.3 mg/kg; ≥12 years, 0.2 mg/kg) 
and weight, as 5, 10, 15, or 20 mg, with the 5- and 10-mg doses administered as 1 spray, and the 15- and 20-mg doses as 
1 spray in each nostril. A diary was to be used to record seizures and administration of diazepam nasal spray. People with 
epilepsy and caregivers were instructed that a second dose could be administered, if needed, 4 to 12 hours after the initial 
dose for a seizure cluster.18 Use of second doses was assessed at 6, 12, and 24 hours.28,29

Data from these 3 studies are outlined in Table 1. Across the studies, median treatment durations ranged from ~1 to 2 
years. Cohort age ranges differed, particularly with regard to the inclusion of pediatric participants. Calculated frequency 
of seizure episodes per person per year varied, with approximately twice as many in the diazepam nasal spray study than 
in the other studies.

Observation of Second-Dose Administration
Use of a second dose appeared to vary substantially across benzodiazepines and formulations. The proportions of seizure 
clusters for which no second dose was needed at 6, 12, and 24 hours is illustrated for the 3 studies in Figure 2. Because of 
the differences in studies regarding the timing of recording second doses, all studies are not represented for all time 
periods. At 6 and 12 hours, diazepam nasal spray had a higher percentage of seizure clusters controlled with a single dose 
compared with the other study represented in the time period, and only the diazepam nasal spray study reported results 
for 24 hours.18

Table 1 Summary of Data from the Included Seizure-Cluster Studies

Diazepam Rectal Gel 
(N=149 Enrolled; n=149 

Treated)

Midazolam Nasal Spray 
(N=175 Enrolled; n=161 

Treated)

Diazepam Nasal Spray 
(N=175 Enrolled; n=163 

Treated)

Age range, y 2–76
● 2–5, n=33
● 6–11, n=39
● 12–76, n=77

12–62
● <18, n=8
● 18–64, n=153

Mean, 32.9; median, 31.0

6–65
● 6–11, n=45
● 12–65, n=118

Mean, 23.1; median, 18.0

Duration of treatment Range, 2 mo–2.5 y
● 48% >2 y

Median, 16.8 mo
● <6 mo: 12%
● ≥6–<12 mo: 22%
● ≥12 mo: 66%

Median, 15.1 mo
● <6 mo: 5.5%
● ≥6–<12 mo: 12.9%
● ≥12 mo: 81.6%

Seizure clusters treated (mean number of 

clusters per treated person with epilepsy)

1578 (10.6a) 

Median: 8 per person,b or 

~5.3 per person per yearc,d

1998 (12.4a) 

~8.9 per person per yearc

3853 (23.6%a) 

~18.8 per person per yearc

Doses per mo Median, 0.4b

● Monthly range, 0.03–4.3

Doses not available
● Median treated clusters, 5.9/y 

(range, 0.5–50.4/y)

Mean, 2.3
● Monthly range, 1–10

Notes: aCalculated as number of seizure clusters divided by the number of treated participants in the study; bFor the 125 participants with at least 2 treatments, 24 received 
a single treatment during the study; cCalculated as total number of ([seizures / treated participants] / median months duration) × 12 months; dCalculated using an 
approximate median 24 months duration.
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Seizure episode data at 6, 12, and 24 hours are reported as these were available for the 3 studies for first doses, second 
doses, and mean number of doses per episode (Table 2). For 6 and 12 hours, the mean number of doses was lower in both 
time periods for diazepam nasal spray compared with the other study represented in the time period. Based on the 
proportion of seizure clusters treated with a second dose at 6 hours, participants receiving midazolam nasal spray needed 
an average of 1.38 doses per cluster, while participants receiving diazepam nasal spray received and average of 1.06 

Figure 2 Seizure episodes treated with only one dose for control at 6, 12, and 24 hours. aIn the midazolam study, an additional 28 doses were administered more than 6 
hours after the first dose.

Table 2 Number of Doses Used per Seizure Episode at 6, 12, and 24 Hours

Doses Diazepam Rectal Gela Midazolam Nasal Sprayb Diazepam Nasal Spray

0–6 hours

First doses Not reported 1998 3853

Second doses 769 224

Doses per seizure episodec 1.38 1.06

0–12 hours

First doses 1578 Not reported 3853

Second doses 363a 318

Doses per seizure episodec 1.23 1.08

0–24 hours

First doses Not reported Not reported 3853

Second doses 485

Doses per seizure episodec 1.13

Notes: aIn the diazepam rectal gel study, second doses were not provided for all participants per protocol and all doses were assumed to be first 
doses; however, a second dose may have been appropriate for 363 seizures owing to lack of efficacy. bIn the midazolam study, an additional 28 doses 
were administered more than 6 hours after the first dose. cCalculated as (first doses + second doses) / first doses.
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doses per cluster, and, relative to midazolam nasal spray, the number needed to treat with diazepam nasal spray to prevent 
need for 1 second dose was 3.1. Likewise, at 12 hours, relative to diazepam rectal gel, the number needed to treat with 
diazepam nasal spray to prevent need for 1 second dose was 6.7.

Hospitalizations and Serious TEAEs
Hospitalizations and serious TEAEs may sometimes occur when a seizure cluster is not controlled by the second dose, 
and these measures were reported variably across the studies. In the rectal diazepam study,16 16 of 363 seizure clusters 
were subsequently treated in the ER. As previously noted, there was no provision for a second dose in this study, and not 
all hospitalizations were due to seizures. Serious TEAEs were not specifically reported; 2 deaths were not considered 
related to diazepam rectal gel.16

In the intranasal midazolam study,19 hospitalizations were not reported. Four participants each had 1 serious TEAE 
categorized as possibly (although unlikely) treatment related (convulsion, status epilepticus, dysesthesia, and upper 
gastrointestinal hemorrhage). Eighteen (11.2%) participants had a total of 45 serious TEAEs; most common were seizure 
cluster and convulsion in 4 people (2.5%) each, and epilepsy and status epilepticus in 2 people (1.2%) each.19

In the diazepam nasal spray study, hospitalizations were not summarized in the published paper.18 No serious TEAEs 
were considered treatment related. One participant died (not treatment related). Serious TEAEs occurred in 50 partici-
pants (30.7%), and those occurring in ≥2 participants were seizure in 24 people (14.7%); status epilepticus and 
pneumonia in 7 people (4.3%) each; epilepsy in 5 people (3.1%); and seizure cluster, pancreatitis, vomiting, pyrexia, 
aspiration pneumonia, anxiety, and scoliosis in 2 people (1.2%) each. Overall, 44 people (27.0%) had serious TEAEs that 
required or prolonged hospitalization.18

Discussion
This is a review of large, long-term studies of FDA-approved seizure-cluster treatments designed for use by nonmedical 
caregivers outside the hospital setting. These were all open-label studies, and participants could withdraw at any time. 
The duration of exposure in all studies is suggestive that the medications were viewed as effective, so people with 
epilepsy and their care partners would have had an incentive to adhere to treatment recommendations. Percentages of 
clusters controlled by the initial dose were compared at 6, 12, or 24 hours, with duration of activity and need for a second 
dose varying substantially among the studies. In the diazepam rectal gel study, 77% of administrations prevented further 
seizures in 12 hours. In the midazolam study, a second dose was not administered within 6 hours in 61.5% of 
administrations. In the diazepam nasal spray study, second doses were not administered for 94.2% in 6 hours, 91.7% 
in 12 hours, and 87.4% in 24 hours.

Available data on hospitalizations were also collected. In the diazepam rectal gel study, 16 seizure clusters were 
subsequently treated in the ER. In the intranasal midazolam study, 4 participants each had 1 serious AE categorized as 
possibly (unlikely) treatment related; possible association with second dose was not reported. In the diazepam nasal spray 
study, no serious AEs were treatment related; overall, 27.0% of participants had serious TEAEs that required or 
prolonged hospitalization.

All 3 study populations had highly intractable epilepsy and seizure clusters, but specific inclusion and exclusion 
criteria varied. Enrollment requirements for the 3 studies selected participants with seizure clusters; however, differences 
in inclusion/exclusion criteria (eg, history of status epilepticus) likely contributed to between-study differences in seizure 
cluster prevalence. The rectal diazepam and diazepam nasal spray studies included young pediatric participants (ie, ≥2 
and ≥6 years, respectively), while the intranasal midazolam study included participants aged 12 years and older. In the 
midazolam study, people were ineligible if they used benzodiazepine antiepileptic medication maintenance therapy or 
status epilepticus due to cluster progression within 2 years,25 potentially due to concerns about respiratory depression, 
while these criteria did not result in exclusion from the other 2 trials. In addition, participants in the diazepam nasal spray 
appear to have had roughly twice as many seizure clusters per year, suggestive of a high degree of intractability in that 
population. Notably, the diazepam nasal spray study included children with developmental and epileptic encephalopa-
thies (30 of 78 patients 6–17 years of age received concomitant clobazam30), while a substantial majority of the 
intranasal midazolam population were adults with a focal form of seizures,19 suggesting that the diazepam nasal spray 
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population may have had a higher level of seizure intractability. Although people with allergic rhinitis were not excluded 
from the midazolam study, the impact of this condition was not formally evaluated.19 In the diazepam nasal spray study, 
exploratory analyses of the groups taking concomitant benzodiazepines, with higher and lower frequencies of usage, and 
having a history of seasonal allergies/rhinitis found that use of second doses was consistent with the overall 
study.18,27,31,32

Seizure clusters may persist 24 hours or longer, as was shown in a study of the seizure diaries of 1177 people with 
epilepsy and seizure clusters, in which 58.5% documented a seizure occurring 6 to 24 hours after the initial seizure.5 

Thus, rescue therapies for seizure clusters that provide long-lasting activity (eg, 6, 12, 24 hours) are necessary, and 
formulation-specific characteristics including bioavailability (midazolam nasal spray, 44%; diazepam rectal gel, 90%; 
diazepam nasal spray, 97%)20–22 should be considered. However, few data are available in the literature for rescue 
therapies across these time periods after the start of the cluster. Thus, this review, which examines rescue therapy dosing 
of seizure clusters for the FDA-approved medications at 6, 12, and 24 hours, provides data to address that gap.

Route of administration and formulation of rescue therapies may have roles in effectiveness and use of a second dose. 
Although diazepam rectal gel has well-established safety and efficacy,33 diazepam nasal spray is less intrusive and offers 
advantages for caregivers and people with epilepsy with comparable safety and pharmacokinetics.9,34–37 The pharma-
cokinetic profiles of midazolam and diazepam differ, and there are also differences in their intranasal formulations that 
potentially may contribute to differing levels of effectiveness in individuals over time. The midazolam intranasal 
formulation includes several organic solvents including ethanol, PEG-6 methyl ether, polyethylene glycol 400, and 
propylene glycol.21 The diazepam nasal spray formulation includes dodecyl maltoside (Intravail® A3; 0.25% w/v), an 
alkylsaccharide, and vitamin E.10,22,38

Limitations
This review is limited by the number of studies fulfilling the inclusion criteria at the time of the search. There is no clear 
definition of seizure clusters,39 and it is not defined by the International League Against Epilepsy as a specific 
syndrome.40 The studies included in this review were all based in the United States, where regulatory authorities 
recognize seizure clusters as an entity. Also, comparing the included studies may be difficult because of unrecognized 
differences in populations of people with epilepsy, including severity of epilepsy and historic duration of seizure clusters, 
availability of second doses, study designs, and how seizure clusters were defined in each study. Two of the studies 
included people with epilepsy who had completed a prior study for the rescue therapy (ie, rectal diazepam and intranasal 
midazolam); these populations may have been more tolerant to the study medication than those in the general epilepsy 
population. All studies required subjects have seizure clusters; however, the likelihood that a treated seizure would have 
resulted in a seizure cluster might have varied between studies. Additionally, the number of treated seizure clusters 
differed (~5 seizure clusters per person per year in the diazepam rectal gel study, ~9 in the midazolam nasal spray study, 
and ~19 in the diazepam nasal spray study).

In addition, data relied on diary entries by participants and caregivers, reporting only seizure clusters treated with the 
study drug. Furthermore, the reports of these studies did not provide details on any changes to the daily antiseizure 
medications, seizure triggers if the cause could be determined, or type of seizures in the clusters. However, this review 
does address parallel outcomes between the 3 approved rescue therapies for seizure clusters that are available for use by 
nonmedical individuals outside the hospital setting, and this preliminary study provides the foundation for further 
research with existing databases and real-world data.

Conclusions
Beyond the initial dose of rescue therapy treatment for seizure clusters, health-care utilization analysis should include 
a second dose and even hospitalization. Because seizure clusters may last 24 hours or longer, long-acting rescue therapies 
are needed to maximize control over an extended period of time with single doses. When needed for additional 
control, second doses may contribute to prevention of further episodes—and need for related health-care utilization— 
in a seizure cluster.
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Across the noncomparative open-label studies reviewed here, the need for a second dose with the approved agents 
ranged from <40% at 6 hours to <10% at 12 hours. Differences among approved therapies and routes of administration 
appear to have the potential to affect healthcare burden and should be considered when selecting rescue therapy for 
treatment of seizure clusters.

Abbreviations
AE, adverse event; ARS, acute repetitive seizure; ER, emergency room; FDA, US Food and Drug Administration; IV, 
intravenous; SC, seizure cluster; TEAE, treatment-emergent adverse event.
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