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ABSTRACT

Introduction: Patients with epilepsy can experience seizure clusters (acute repetitive seizures), defined
as intermittent, stereotypic episodes of frequent seizure activity that are distinct from typical seizure
patterns. There are three FDA-approved rescue medications, diazepam rectal gel, midazolam nasal
spray, and diazepam nasal spray, that can be administered to abort a seizure cluster in a nonmedical,
community setting. Despite their effectiveness and safety, rescue medications are underutilized, and
patient/caregiver experiences and perceptions of ease of use may constitute a substantial barrier to
greater utilization.

Areas covered: The literature on rescue medications for seizure clusters is reviewed, including the
effectiveness and safety, with an emphasis on ease and timing of treatment and associated outcomes.
Barriers to greater utilization of rescue medication and the role of seizure action plans are discussed.
Expert opinion: Intranasal rescue medications are easier to use and can be administered more rapidly
than other routes (rectal, intravenous). Importantly, rapid administration of intranasal rescue medica-
tions has been associated with shorter durations of seizure activity as compared with rectal/intravenous
routes. Intranasal rescue medications are also easy to use and socially acceptable. These factors
potentially remove or reduce barriers to use and optimize the management of seizure clusters.
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1. Introduction diazepam nasal spray are approved by the FDA for acute

Some patients with epilepsy may experience seizure clusters
(also called acute repetitive seizures), which are generally
considered to be acute episodes of increased seizure activity
that differ from a patient’s usual seizure pattern [1]. Seizure
clusters are typically recognizable to caregivers [2] and may be
characterized differently for each patient [3]. Seizure clusters
can consist of any seizure type (eg, focal or generalized epi-
lepsy with motor seizures or alteration of awareness) [4] and
are more common in patients with pharmacoresistant epilepsy
[5]. Prompt treatment is critical to prevent additional seizures
in the cluster because seizure clusters can lead to status
epilepticus and potentially neuronal damage and death [6-
8]. Appropriately dosed benzodiazepines remain the mainstay
of treatment for seizure clusters, with the first treatment,
diazepam rectal gel, being approved by the US Food and
Drug Administration (FDA) in 1997 [8].

Intramuscular and buccal administration of benzodiaze-
pines are sometimes used for the treatment of seizure clusters
in prehospital seizure emergencies [9], and there are various
other antiseizure medications that show promise for the treat-
ment for various epilepsy conditions including rescue therapy
for seizure clusters, although so far these are unapproved by
the FDA [10]. Diazepam rectal gel, midazolam nasal spray, and

treatment of intermittent, stereotypic episodes of frequent
seizure activity (seizure clusters, acute repetitive seizures)
that are distinct from a patient’s usual seizure pattern in
patients with epilepsy [11-13]. Diazepam rectal gel is
approved for use in patients =2 years of age and diazepam
nasal spray is approved for patients =6 years, while midazolam
nasal spray is approved for patients >=12years [11-13].
A second dose of diazepam rectal gel or diazepam nasal
spray may be administered 4 h after the first dose [11,13],
and a second dose of midazolam nasal spray may be adminis-
tered 10 min after the initial dose [12]. Administering diaze-
pam rectal gel involves multiple steps [11] and carries privacy
considerations, all of which could affect time to treatment [14].
Easy access with fewer steps to administer nasal sprays [12,15]
make these formulations attractive alternatives to rectal gel.
Least restrictive rescue medications (ie, intranasal) are recom-
mended for treatment in a school setting by the National
Association of School Nurses (NASN) [16]. The FDA designated
diazepam nasal spray as clinically superior to diazepam rectal
gel owing to the inherently easier and less invasive route of
administration [17]. In the European Union (EU), seizure clus-
ters are not recognized as a clinical indication [1]. However,
buccal midazolam (oromucosal solution) is approved by the
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Article highlights

e Rescue medications (typically benzodiazepines) can be used to treat
seizure clusters in a community setting, with the potential to improve
rescue treatment outcomes

o FDA-approved rescue medications have shown effectiveness; how-
ever, these medications are largely underutilized

e Route of administration can differ across rescue medications (intra-
nasal vs rectal), affecting the ease and acceptability of use as well as
time to treatment

e Individual patient seizure action plans are useful adjuncts to
treatment

e Rescue medications that are easier to use and implemented with
seizure action plans may help address barriers to use

EU for treatment of prolonged, acute, convulsive seizures in
pediatric patients 3 months to less than 18 years of age [18],
and rectal diazepam solution is indicated for treatment of
epileptic and febrile convulsions [19-21].

Rescue medications for seizure clusters are underutilized
in the community setting [8]. In a survey published in
2017, 20years after approval of diazepam rectal gel, only
20% of adult patients reported use of rescue medications
for seizure-cluster treatment [22]. The objective of this
manuscript is to discuss potential barriers to the use of
rescue medications for seizure clusters and how the under-
lying characteristics of rescue medications impact these
barriers, including such factors as ease of use, conveni-
ence, time to onset, and duration of effectiveness.

2. Barriers to use of rescue medication for seizure
clusters

Potential barriers include route of administration (ie, rectal)
[22], which is intertwined with the degree of difficulty in
administering the treatment, which in turn affects the time
to treatment and therefore the time to seizure cessation
[23]. Seizure action plans (SAPs) [22], a general resource for
care, and acute SAPs (ASAPs), focused on acute treatment
during a seizure [3], help to optimize rescue medication
use, but these are not, however, utilized by most patients.
Lack of access to rescue medications may also be an issue
due to lack of insurance coverage, requirement for prior
authorization, limited pharmacy availability, or cost.

A potential barrier to use of rescue medication is the
absence of a consensus definition for seizure cluster [1];
thus, some patients may not receive a diagnosis and res-
cue medication. Further, even when rescue medication is
available, confusion over identification of a seizure cluster
may prevent timely administration [1], which is associated
with faster cessation of seizure activity [24]. Additional
barriers may include a lack of understanding of the role
for rescue treatment (use, effectiveness, and safety) as well
as emotional barriers of fear and anxiety [22,25]. Fear and
anxiety reflect the stress felt by patients and caregivers
when experiencing a seizure cluster and may involve
such issues as public embarrassment (particularly with rec-
tal administration), when and if to use a second dose, and
length of time needed to recuperate [25].

Improved understanding of rescue medications, includ-
ing ease of use and administration, and use of SAPs could
reduce barriers and lead to greater utilization, which could
empower patients/caregivers to optimize management of
seizure clusters. This could be especially true for those with
excessive seizure worry (anticipatory anxiety of seizures),
who have an elevated fear of seizures and could benefit
from counseling on treatment options [26]. In general,
nonadherence with an epilepsy medication regimen is
associated with an external locus of control [27], which is
a person’s belief that their life is controlled by outside
factors over which they have Ilimited control [28].
A better understanding of easy-to-use options for rescue
medication and subsequent increased utilization could
potentially improve how patients perceive their level of
control over seizures, thereby promoting a patient-centric
treatment approach.

Prompt treatment of seizure clusters with rescue medi-
cation may prevent negative outcomes (eg, physical injury
and quality of life in addition to progression to status
epilepticus, emergency-department use, and neuronal
injury) [6,7,29]. Moreover, continuous seizure activity is
associated with a diminished response to benzodiazepine
treatment [30].

3. Rescue medications for seizure clusters

An ideal rescue medication should be easy to use, safe
with good tolerability, and potent and have consistent,
efficient absorption with high bioavailability, resulting in
a rapid onset of action and sufficient duration [8]. The
efficacy of approved rescue medications (diazepam and
midazolam) to terminate seizure clusters has been estab-
lished in randomized placebo-controlled trials [2,31,32].
Importantly, because seizure clusters are recognizable to
caregivers, administration instructions for these formula-
tions do not require occurrence of a second seizure or
waiting a specified amount of time prior to administration
[11-13]. However, these rescue medications may differ
according to route of administration and formulation,
including molecules, excipients, and solvents [8].

The route and steps for administration may affect who
can administer treatment and time to treatment, which
could influence overall time to seizure cessation and the
potential risks of status epilepticus [7,24]. Prompt treat-
ment for seizure clusters is reinforced by guidelines for
the treatment of status epilepticus, which recommend
treatment initiation well in advance of the 30-minute
mark defining onset of status epilepticus [33]. Associated
advantages and disadvantages (Table 1) of different rescue
medications may influence ease of use and time to
administration.

4. Diazepam rectal gel

An open-label, repeat-dose study with 149 treated patients
examined safety, efficacy, and tolerance to diazepam rectal
gel for treatment of seizure clusters, breakthrough seizures,



Table 1. Advantages and disadvantages of FDA-approved rescue medications.
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Route Drug(s) Advantages Disadvantages
Rectal Diazepam ¢ Can administer relatively large dose volume ¢ Inconsistent absorption and bioavailability, which could potentially
¢ Relatively painless influence treatment response
» Patient cooperation not needed [11] o Preparation for administration could delay treatment, prolonging sei-
zure duration [24]
e Invasive [16]
e Limited medications can be delivered by this route
o Poor social acceptability
¢ Potential for leakage [11]
« Difficulty with positioning the patient for proper administration [34]
Intranasal Diazepam ¢ Quick and easy administration, potentially expediting ¢ Need for delivery device (eg, atomizer)
Midazolam time to seizure cessation e Possible CNS AEs

Noninvasive [16]

Relatively fast absorption and onset of action
Patient cooperation not needed

Relatively painless

Avoids first-pass metabolism

Socially acceptable vs rectal route

Possible direct-to-brain delivery of drug

» Variable absorption and bioavailability depending on mucosal health
and specific benzodiazepine

o Formulations require high drug concentration in a small volume

o Nasal/throat discomfort, inflammation, lacrimation, abnormal taste

¢ Need to enhance drug solubility

Note: Abbreviations: AEs, adverse events; CNS, central nervous system; FDA, US Food and Drug Administration.

Adapted from Cloyd et al, 2021 [8] with permission from John Wiley and Sons

or prolonged seizures in patients aged =2 years [29]. Few
adverse events (AEs) related to treatment occurred, with
somnolence reported in 17% of patients, although as few
as 9% of cases were considered related to treatment. Two
patients reported transient hypoventilation; no serious AEs
were treatment related. Three patients withdrew from the
study owing to AEs that were considered possibly related
or related to treatment. A single dose of diazepam rectal
gel was sufficient to prevent additional seizures for 77% of
seizure episodes during the 12 h following treatment. Time
to administration of diazepam rectal gel was not captured
in this study [29].

4.1. Ease of use

Relative to an intravenous (IV) treatment, diazepam rectal gel
is easy for nonmedical personnel to administer (limited train-
ing, no IV preparation needed) [35]. For some, the familiarity/
experience with diazepam rectal gel [29,34] might improve
comfort with administration. However, diazepam rectal gel
has social limitations, particularly at school, work, or public
settings [34]. Administration is a 14-step process that requires
positioning the patient on their side [11], which may not be
easy for some situations (eg, heavier patients or those who
utilize wheelchairs).

4.2. Time to administration

The rectal route has been associated with shorter times to
treatment for seizure emergencies compared with an IV route
[35]. In a study that compared time to administration with
diazepam rectal gel vs IV lorazepam for treatment of status
epilepticus in adults with developmental disabilities, time to
administration was shorter by ~8 min with diazepam rectal gel
(12 vs 20 min) [35]. Nurses began rescue treatment after 10
min of seizure activity [35]. The delay in administration with IV
lorazepam is likely a product of preparation and infusion [8],
which can cause substantial delays in treatment compared
with diazepam rectal gel. This is noteworthy as diazepam

rectal gel also requires time to prepare the patient (eg, dis-
robing and turning) for administration [34]. The mean time
from administration to seizure cessation was longer with dia-
zepam rectal gel than IV lorazepam (7 vs 4 min), but the total
seizure duration was shorter with diazepam rectal gel (18 vs
25 min) [35]. This suggests that the difference between rectal
diazepam and IV lorazepam in time to administration has
a meaningful effect on the overall treatment outcome.

5. Midazolam nasal spray

An open-label extension study of a phase 3 trial was con-
ducted to examine the safety and efficacy of midazolam
nasal spray for treatment of seizure clusters in patients
aged =12years (N=161 treated patients) [36]. Common
treatment-emergent AEs were nasal discomfort (12.4%) and
somnolence (9.3%). There were no reports of respiratory
depression attributed to treatment. (In the test-dose phase
of the parent placebo-controlled study, 5 of 292 patients
experienced respiratory depression and discontinued the
study [32]). Two patients (1.2%) discontinued the study
owing to treatment-related AEs (1 case each of somnolence
and nasal discomfort). Most seizure-cluster episodes (61.5%)
were treated with a single dose of midazolam nasal spray
within the protocol-defined period of up to 6 h from seizure
onset [36]; notably, this was half the 12-hour period after
administration that was used in the diazepam rectal gel study
[29]. The median time for patients to return to normal func-
tion following treatment was 1.2 h [36]. Time to administra-
tion has not been fully characterized and ease of use has not
been described with the approved formulation of midazolam
nasal spray [36], although early time to treatment has been
associated with increased rates of sustained control of sei-
zure clusters (24 h) [37].

5.1. Ease of use

In a survey that compared intranasal administration of an
IV formulation of midazolam administered using an
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atomizer (prior to approved formulations of midazolam
and diazepam nasal sprays) with rectal diazepam for treat-
ment of acute seizures, more than two-thirds of caregivers
felt that intranasal midazolam was easier to use and
explain and was more comfortable to use than rectal dia-
zepam [38]. Another survey of caregivers also reported that
administration was easier with atomized midazolam com-
pared with rectal diazepam for treatment of prolonged
seizures [39]. Intranasal administration of atomized mida-
zolam has been associated with less use of emergency and
urgent care services as compared to rectal diazepam [40],
which the authors felt could be attributed, in part, to ease
and comfort of use [38].

5.2. Time to administration

Few studies have specifically examined the difference in
time to administration between intranasal midazolam and
rectal diazepam. One study reported a shorter time from
preparation to administration with intranasal midazolam
(nasal drops, 50.6 s) than rectal diazepam (68.3 s) for
treatment of acute seizures [41]. In contrast, a study of
home use of rescue medications for treatment of pro-
longed seizures did not report a difference in the median
time to administration between intranasal, atomized mid-
azolam and rectal diazepam (5 min for both) [39].
However, in addition to differences in intranasal adminis-
tration (atomized solution vs nasal drops), this study
recorded the timing of the administration of atomized
solution from caregivers who were instructed to treat sei-
zures lasting >5 minutes [39], while the nasal-drop study
was conducted in a medical facility and healthcare profes-
sionals administered the rescue medications [41].

A recent systematic review and meta-analysis of rescue
medications used in children for treatment of acute sei-
zures reported similar durations from time to administra-
tion to seizure cessation between intranasal midazolam
(nasal drops or atomized solution) and rectal or IV benzo-
diazepines [24]. However, the duration from hospital arrival
to seizure cessation was shorter with intranasal midazolam,
suggesting that intranasal treatment required less time to
administer compared with rectal or IV treatment [24].

6. Diazepam nasal spray

The safety and effectiveness of diazepam nasal spray for
treatment of seizure clusters was examined in a phase 3,
long-term, open-label, repeat-dose, safety study that con-
sisted of 163 treated patients [4]. The most common AEs,
aside from seizure, were nasopharyngitis (12.3%) and
upper respiratory tract infection (12.3%). Treatment-
related nasal discomfort and somnolence occurred in
6.1% and 1.8% of patients, respectively. There were no
reports of either respiratory depression or serious treat-
ment-related AEs. No patients discontinued the study
owing to a treatment-related AE. A single dose of diaze-
pam nasal spray was used in 87.4% of seizure clusters
across 24 h [4] (twice the 12-hour period in the rectal gel
study [29]), a surrogate that supports the effectiveness of

treatment [4]. Most patients (59.4%) who responded to
a patient-experience survey indicated that they returned
to their usual self within 1 h of administration [42].
Similarly, more than half of caregivers (59.5%) responding
to the survey reported they (caregivers) were able to
return to normal activities within an hour of administration
[42].

6.1. Ease of use

Patient and caregiver experiences with diazepam nasal
spray were assessed with surveys administered near the
end of the long-term safety study [42]. Administration of
diazepam nasal spray was rated extremely or very easy by
93.8% of caregivers (Figure 1a). Nearly two-thirds (64.3%)
of caregivers who had used diazepam rectal gel in the past
felt that it was not at all easy to use compared with
diazepam nasal spray (Figure 1b), and 87.0% were not at
all comfortable using diazepam rectal gel in public com-
pared with diazepam nasal spray. As an important indica-
tion of ease of use, among 67 patients who responded to
the survey, 27 (40.3%) reported participating in their care
by self-administering treatment. Three-quarters (77.8%) of
this group rated administration extremely or very easy
(Figure 1a). In addition, two-thirds (66.7%) were extremely,
very, or somewhat comfortable with its use in a public
setting. Patients self-administered primarily at first sign of
an oncoming seizure (48%) or between seizures (24%),
which would suggest ease of use during potentially stress-
ful situations. The rate of medication errors in self-
administering patients was low (1.1%), primarily as
a result of missing the nostril during administration or
misunderstanding directions [42]. The overall rate of med-
ication errors in the safety study was 1.0% [4].

6.2. Time to administration

In the safety study, time to administration of diazepam
nasal spray from onset of seizure activity was recorded in
seizure diaries [4]. Fifty percent of treated seizure clusters
were dosed in <2 min (range, 1-750 min) from onset
(Figure 2a), and 75% were treated in <5 min [43]. In
children aged 6-11years (diazepam nasal spray is the
only approved intranasal rescue medication for this age
group [12,13]), 50% of treated seizure clusters were treated
in <2 min from onset, and 75% were treated in <5 min
[43]. In addition, treatment times in patients who self-
administered were comparable to the full cohort
(Figure 2b) [43].

The median time from treatment to seizure-cluster ces-
sation was 4 min in the full cohort [43] and 3 min in the
subgroup of patients aged 6-11years. The median time
from seizure onset to cessation was 6 min for both the
full cohort [43] and the age 6-11 subgroup. It is worth
noting that both diazepam and midazolam intranasal res-
cue medications utilize a device for intranasal delivery that
does not require a particular head position for successful
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a. Ease of Administering Diazepam Nasal Spray for Caregivers and

Self-Administering Patients
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b. Caregiver Ease/Comfort With Administration of Diazepam Rectal Gel

Compared With Diazepam Nasal Spray
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Figure 1. Ease of Use of Diazepam Nasal Spray and Diazepam Rectal Gel. a: Ease of administering diazepam nasal spray for caregivers and self-administering
patients. b: Caregiver ease/comfort with administration of diazepam rectal gel compared with diazepam nasal spray.

administration, which also aids ease and speed of admin-
istration [44].

7. SAPs

Having a written action plan that provides customized
treatment information for seizures can also facilitate sei-
zure-cluster management. An SAP is a general resource for
care, including patient information and medications, sei-
zure information (eg, triggers), first aid, and contact infor-
mation [3,45,46]. An acute SAP (ASAP) is a more concise

plan focused on acute treatment during a seizure,
designed to provide easy-to-understand treatment instruc-
tions, individualized to each patient and seizure type [3].
As such, the ASAP may be ideal for improving consistency
of management of seizure emergencies in the community
and providing caregivers with reassuring guidance during
a stressful time. Formalized plans for seizure care could
reinforce timely treatment and appropriate dosing.
However, SAP use differs across adult and pediatric popu-
lations [3], with more pediatric patients utilizing SAPs,
possibly because of school requirements [34]. Overcoming
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a. All Patients (n=162: 3627 seizures)

1% .
75% of seizure
4% clusters treated
5% within 5 minutes

H 0 minutes (25th percentile)
M 5 minutes (75th percentile)
30 minutes (95th percentile)

M 2 minutes (50th percentile)
¥ 15 minutes (90th percentile)
235 minutes (99th percentile)

b. Self-Administrators (n=26: 814 seizures)

1% ]
75% of seizure
4% clusters treated

5% within 10 minutes

[l 0 minutes (25th percentile)
M 10 minutes (75th percentile)
53 minutes (95th percentile)

¥ 2 minutes (50th percentile)
[ 25 minutes (90th percentile)
250 minutes (99th percentile)

Figure 2. Time to Diazepam Nasal Spray Administration. Time to administration
expressed as cumulative percentiles of patients (eg, 25th, 50th, 75th), from onset of
the seizure cluster to treatment for all patients (a: n = 162; 3627 seizures) and self-
administrators (b: n = 26; 814 seizures). For example, 75% of all patients (a) received
diazepam nasal spray in <5 minutes from seizure-cluster onset.

barriers to adult use of SAPs and encouraging the use and
sharing of information in the workplace might also lead to
greater utilization of rescue medication.

8. Conclusions

Prompt administration of rescue medication is a critical com-
ponent of seizure-cluster treatment. Ease of use and patient
satisfaction with intranasal rescue medications suggest that

these agents help provide patient-centric management of
seizure clusters. Intranasal rescue medications are associated
with prompt administration, supporting rapid, effective treat-
ment during seizure clusters. Time to treatment, time to sei-
zure cessation, and ease of use are improved with intranasal
rescue medications, with reported differences in duration of
action measured across noncomparative studies. In all, the
incorporation of easy-to-use and effective intranasal rescue
medications into a patient-centric treatment approach along
with SAPs/ASAPs could empower patients/caregivers to take
on a greater role in the rapid treatment and management of
seizure clusters.

8.1. Expert opinion

The unpredictable nature of drug-resistant epilepsy and sei-
zure clusters can create a substantial burden on patients and
caregivers [5,47]. Clinicians can help patients and families
understand appropriate use of first aid and rescue treatment
options, which provide an opportunity to increase adherence
and improve overall treatment by empowering patients and
caregivers to take a larger role in management of prolonged
seizures and clusters.

The introduction of a relatively easy-to-use rectal gel in
1997 made it possible for nonmedical caregivers to treat
seizure clusters at home and in the community [8], potentially
reducing emergency room visits by half [29]. More than just an
advance in convenience, treatment could be provided quickly,
without delay for transport to the hospital. Despite this phar-
macologic achievement, barriers to treatment remained. For
example, one study found that although 4 in 5 physicians
advised their patients to use rescue medication for a seizure
cluster, only 1 in 5 adults used rescue treatment for seizure
clusters [22]. For adult patients, in particular, social considera-
tions may have limited even the consideration of rescue
treatment.

The more recent availability of easy-to-use, safe, and effec-
tive intranasal rescue medications may encourage their use
and promote patient/caregiver management of serious seizure
events. This aligns with the recommendations from NASN that
support the least restrictive option for rescue medication in
school settings [34]. Intranasal therapy may be administered
rapidly (no need to position or disrobe the patient), more
easily (fewer steps in administration [34], premeasured doses
[48], option for self-administration [22]), and with potentially
less interpatient variability in bioavailability [49] than rectal
therapy. Moreover, intranasal therapies are associated with
a rapid onset of action (within minutes) [50]. Formulations
that people feel comfortable using in public may result in
people talking more openly about their epilepsy and help
dispel fear of seizures.

Future developments in clinical use include expanding
patient-centric management strategies, such as creating writ-
ten SAPs with the patients and/or caregivers. This would
reinforce consistent and appropriate use of rescue treatment.
It could also start a discussion of other self-management
strategies and may lead to improved quality of life and
reduced need for emergency care [51], further expanding



patient and caregiver empowerment. SAPs seem likely to be
further incorporated into practice, which is a pressing need
for adult patients. Easy-to-use patient- and family-friendly
formats could be integrated into electronic medical record
systems, for example [3]. Future research should be aimed
toward better identification of patients with seizure clusters
and strategies to increase the proportion with both SAPs and
rescue medication. In addition, further research into what
endpoints are important to patients and families is needed.
A better understanding of aspects of that burden and the
effect of rescue treatment for patients and caregivers (eg,
anxiety, social interaction, and quality of life) as well as the
healthcare system (eg, need for emergency department vis-
its) could reinforce the value of treatment and minimize
underuse.

Another goal of future research would be to expand the
benefits of intranasal treatment to younger patients who
could benefit from ease and speed of administration, as well
as characterizing blood levels of rescue medication (benzodia-
zepines) in these patients. (Of note, pediatric blood levels have
not been assessed for diazepam rectal gel [52]). Stellina
(NCT05076838) is an ongoing open-label pharmacokinetic
and safety study of diazepam nasal spray in children 2 to 5
years of age with epilepsy needing benzodiazepine interven-
tion for seizure control [52,53].

Together, a more nuanced definition of the burden
imposed by seizure clusters, quantification of benefits of treat-
ment, and expansion of treatment options for seizure clusters
will help address a range of important yet currently unmet
clinical needs for patients, their families and caregivers, and
clinicians.
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