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Abstract: Some patients with epilepsy continue to have seizures despite daily treatment with antiseizure medications. This includes seizure
clusters (also known as acute repetitive seizures), which are an increase in seizure frequency that is different from the usual seizure pattern for
that patient. In the literature, the term “rescue” is used for pharmacologic treatment for seizure clusters, but clarity regarding timing or whether
a caregiver or patient should wait until a moment of life-threatening urgency before administering the medication is lacking. Additionally, the
concept of waiting 5 minutes to identify and initiate treatment of status epilepticus has been carried over to the treatment of seizure clusters, as
well as the idea of waiting owing to safety concerns, without reevaluation in the context of the reported safety profiles for currently available as-
needed therapies when administered as prescribed. Delaying treatment of seizure clusters may have negative outcomes, including injury,
emergency room use, hospitalization, and progression to status epilepticus. Additionally, increased time for administration of benzodiazepines,
the cornerstone therapies for seizure clusters, may lower the potency and effectiveness once administration takes place, because of physiologic
changes. Thus, clarifying the importance of timing in the treatment terminology may be of benefit in the acute context. The term “immediate-
use seizure medication” (ISM), meaning treatment that is administered as quickly as possible once a seizure cluster is recognized, may help to
clarify the timing of as-needed treatment. This review examines the recognition and definitions of seizure clusters, the physiologic rationale for
ISM for seizure clusters, and the effectiveness and safety of early treatment. Remaining knowledge gaps are also discussed. The findings of this
review suggest that it may be time to revisit the terminology of “rescue”, which implies waiting to administer treatment for seizure clusters, as
doing so is not supported by pathophysiologic, effectiveness, or safety data.

Plain Language Summary: Some people with epilepsy have seizures even if they take daily medication for their seizures. If they have
more seizures than usual in a day, this may be called a seizure cluster. Drugs used to treat clusters are often said to be “rescue” medicines. But
the word “rescue” may imply that the medication should only be administered when serious danger is present. Additionally, possibly
because of previous instructions, people may think they have to wait to see if the seizure lasts more than 5 minutes to give the medicine, or
they may be concerned about how safe the medicine will be if they give it. This older approach needs to be revisited and replaced. Waiting to
give medicine could make it more likely that a person could get hurt or require a hospital or emergency room visit or their seizure condition
could worsen. Waiting also may allow for changes in the body that may make a medicine less effective once it is given. Because of this, it
may be better to say these medicines are for “immediate use” rather than for “rescue”. That way, the people giving the medicine know that
they should give it as soon as they see the patient needs it. This paper discusses how seizure clusters are described and what can happen if
someone waits to give medicine versus giving it right away. The paper shows that waiting may not be needed.
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Introduction
Epilepsy patients are primarily treated with daily antiseizure medications (ASMs) for controlling seizures; however,
some patients continue to have seizures despite taking ASMs.! Such drug-resistant patients may have a usual pattern to
their seizures and also may experience a variation to that pattern, such as when the frequency of the seizures may change
or severity may increase. An increase in seizure frequency within a defined time period (eg, 24 h) may be called a seizure
cluster or acute repetitive seizures.'” In the US, seizure clusters have been designated as an orphan indication.>* In other
geographic regions, such as the EU, regulatory bodies do not have an indication for seizure clusters but have somewhat
similar classifications for prolonged acute convulsive seizures® and epileptic and febrile convulsions.® This review will
use the available illustrative treatment timing data of seizure cluster medications approved by the US Food and Drug
Administration (FDA). The prescribing information for the approved benzodiazepines, 3 diazepam formulations and 1
midazolam formulation, do not specify a delay between recognition and usage of therapies upon recognition of seizure
clusters.>"?

When seizure clusters have occurred previously, caregivers may recognize the patient’s specific presentation as
distinguishable from the patient’s other seizures.'® If untreated, such events can increase the risk of negative patient

12 and progression to status epilepticus,'®> which is

15

outcomes such as injury, emergency room use, hospitalization,
associated with morbidity and mortality.'* Recent data support prompt treatment for seizure clusters.
Traditionally, the term “rescue” has been used to refer to pharmacologic treatment for acute management of this type

of seizure (ie, seizure cluster),'®'®

and drug formulations with benzodiazepines such as diazepam and midazolam have
been the cornerstone for such treatment in the community.'® A 2021 publication from a group of epilepsy experts and
stakeholders examined terminology associated with seizure clusters with the goal of reaching consensus for a common
language.' That publication noted that treatments used to abort seizure clusters are typically called rescue medicines/
therapies and “are given at a specified time in relation to when the change in seizure frequency happens™;' however, the
specific meaning of the word “rescue” and timing of treatment administration was not discussed. Although “rescue” is
widely used in this context, lack of clarification is also persistent. The reason for the treatment (to stop seizures) is
addressed by this term; however, the current use of “rescue” does not clearly address when administration should occur
and thus could lead to misinterpretation. For example, an observer would not wait 5 minutes when someone is drowning;
he or she would act immediately to attempt a rescue. Additionally, “rescue” medication for acute asthma exacerbations
(ie, with an inhaler) or anaphylaxis (ie, by epinephrine injection) may be associated with administration at moments of
life-threatening urgency.

Delay in administering treatment for acute episodes such as seizure clusters may lead to ongoing and prolonged
seizures with a risk of increased morbidity and mortality and potentially lower potency of benzodiazepines once
administered.'” Thus, clarifying the importance of timing in the treatment terminology may be of benefit to eliminate
the suggestion of waiting to administer in the acute context. With newer, easier to administer as-needed formulations now
available, it may be the time for new guidance in which the adjective “rescue treatment” transitions into the more direct
term “immediate-use seizure medication” (ISM), meaning treatment that is administered as quickly as possible once the
patient’s stereotypic seizure cluster pattern is recognized (Figure 1). One potential timing option is for caregivers to go to
get the ISM treatment and administer it if the patient is still seizing when they return.

Barriers to immediate use exist, such as timing limitations due to the route of drug administration, potentially
outdated definitions of when to intervene, and excessive concerns about long-lasting adverse events. Preparation and
administration for the as-needed medication with the longest FDA approval, diazepam rectal gel, requires timing for
positioning and undressing the patient, as well as for undertaking several steps to complete administration.”"
Additionally, caregivers and patients may be reluctant to use rectal administration, causing delay in administration.'
Regarding when to intervene, no clear timing has been set for seizure clusters; however, the historical use of 5 minutes to
define T1 (time regarded as defining continuous seizures) for status epilepticus'**' has been applied to fill this gap. Also,
delays may have occurred because of a perception of the potential for adverse events, such as long-term somnolence or

respiratory depression.
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Figure | A proposed roadmap for treatment. Initial steps are shown in green boxes; secondary steps, if needed, shown in yellow boxes; emergency steps, if needed, shown
in red boxes.

This paper examines the hypothesis that ISM may be beneficial for fast resolution of a seizure cluster and to reduce
the risk of negative outcomes; thus, caregivers and patients should not wait to treat a recognized seizure cluster. This
narrative review provides a roadmap for understanding the concept and importance of immediate-use treatment for
seizure clusters across available therapies and is illustrated with examples from the available timing data in
a noncomparative, nonexclusive manner. Comprehensive reviews and papers providing details on the available therapies

for seizure clusters and their efficacy and safety can be found elsewhere.'®** %

Recognition and Definition of Seizure Clusters

Currently, no consensus definition for a seizure cluster exists in the literature, and the literature is rife with multiple ways
in which seizure cluster is defined.! Recently, an expert working group recommended defining a seizure cluster as “an
abnormal increase in seizure frequency compared with the individual patient’s usual seizure pattern”.?® This proposed
definition does not include a specific number of seizures (eg, >2) and a period of time (eg, 24 h), which have been
components of previous definitions. This expert group recommended treating prolonged seizures and seizure clusters as
soon as they are recognized.?®

Historically, for administration of diazepam rectal gel, it was shown that caregivers could be taught how to
recognize the onset of acute repetitive seizures, and the stereotypic presentation was often immediately
recognized.”’ To recognize a seizure cluster, family members used such variables as number, type, and severity of
the seizures; patient behavior changes; and time of day of the seizures.”® In 1997, diazepam rectal gel was the first ISM
approved by the FDA for treatment of seizure clusters and was the only approved treatment for >20 years.'® However,
due to the limitations associated with the route of administration of diazepam rectal gel, development of intranasal
formulations was pursued.'®

For the clinical trials of midazolam nasal spray and diazepam nasal spray, which were approved by the FDA in 2019
and 2020, respectively, definitions of seizure clusters were used that incorporated a number of seizures within a limited
time interval. The Phase 3, long-term, open-label, repeat-dose safety study evaluating diazepam nasal spray enrolled
patients with frequent seizure clusters; seizure timing and drug administration were recorded in a patient diary.”” The
empirical definition of seizure clusters for the study was >2 seizures in 24 hours, which was used to assess the proportion
of seizure clusters for which second doses of diazepam nasal spray were used, as a proxy for effectiveness.*’

In the Acute Rescue Therapy in Epilepsy With Midazolam Intranasal Spray 1 (ARTEMIS-1) trial and an open-label
extension study, seizure clusters were defined as having >2 seizures (focal or generalized) lasting >10 minutes.’'
Additionally, seizure clusters had a pattern that was recognizably different from the patient’s usual seizure pattern and
with another seizure occurring in <6 hours.*!*

Although oral ASMs (eg, lorazepam, clonazepam) have been prescribed oft-label as acute therapy for seizure clusters
in adults,* oral administration has potential shortcomings. These include aspiration risk, inability to swallow, delayed

absorption, and delayed efficacy.®* 3¢
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The current prescribing information for the FDA-approved as-needed seizure medications indicated for patients with
seizure clusters does not specify the number of seizures or timing limit for seizure clusters but rather patient-specific
“stereotypic presentation”. >’ The FDA indication specifies acute treatment of intermittent stereotypic episodes of
frequent seizures that are distinct from a patient’s usual seizure pattern.”’~° The FDA-approved drugs for seizure clusters
in both pediatric patients and adults are rectal diazepam gel for patients aged >2 years,” diazepam nasal spray for patients
aged >6 years,” and midazolam nasal spray for patients aged >12 years’ (Table 1). Recently, the FDA approved an
additional medication for only a small range of pediatric patients (ie, diazepam buccal film for ages 2—5 y).® In the EU,
buccal midazolam is approved for the treatment of prolonged acute convulsive seizures, primarily in pediatric patients
aged 3 months to <18 years,’ a rectal diazepam formulation in solution is approved for epileptic and febrile convulsions
in patients aged >1 year,® and a nasal midazolam formulation is authorized for treatment of prolonged acute convulsive
seizures but is not currently marketed.’’

The existence of multiple definitions of seizure clusters without a clear consensus may lead to ambiguity about when
a seizure cluster is occurring and when treatment should be initiated. Thus, an acute seizure action plan developed with
the patient’s physician can provide patient-specific guidance that may help with identification and clarification regarding
what to do when a seizure cluster occurs.*® Such a plan should be brief and easy to use with simple wording and images.
The plan should include individually customized content about what to look for in the seizures associated with a seizure
cluster and when and how to treat a seizure cluster once recognized. Such a plan could be easily used by school
personnel, babysitters, roommates, and coworkers, as well as traditional caregivers, family, and friends.*® In a recent
study of action plan use in an adult epilepsy center, 83% of patients who reported they did not have the knowledge to
recognize seizure emergencies before using the action plan reported an improvement after using the plan.*'

Flexible, individualized seizure cluster definitions (rather than one all-encompassing definition) allow for customized
variations in descriptions of the number of seizures and duration that define a seizure cluster for that patient, which may
enhance a caregiver’s ability to recognize a seizure cluster quickly.** A study comparing traditional definitions with
a computerized algorithm using individualized patient-specific definitions (taking into account baseline seizure frequency
and natural variation) found that traditional definitions were more likely to miss or misidentify seizure clusters.*? This
suggests that customized definitions may be more sensitive for identifying seizure clusters.

As there is such variability to the definitions of seizure clusters, the specific details of a patient’s seizure-cluster
experience could be used to determine the best immediate-use treatment approach. Consideration of such patient
variables as frequency of and severity of seizure clusters supports flexibility in the determination of an appropriate
individualized treatment plan.

Pathophysiologic Rationale for Immediate Use

Negative pathophysiologic outcomes can occur when treatment of seizure clusters is delayed. Over time, an untreated
seizure cluster will become less responsive to benzodiazepines.*® Benzodiazepines bind to gamma-aminobutyric acid
(GABA) A (GABA,) receptors and increase the affinity of those receptors for GABA.** The ability of benzodiazepines
to act on receptors in cell membranes contributes to their effectiveness early in the course of a seizure episode by
modulating receptor activity. However, with prolonged seizures, benzodiazepine effectiveness may decrease owing to
internalization of GABA, receptors over time.* In addition to the loss of GABA , receptors, seizures over time lead to
N-Methyl-p-aspartic acid receptors moving from the cell interior to the cell wall, which increases neuronal excitability.
Thus, the effectiveness of the treatment may diminish the longer seizures continue.*’

Additionally, repeated brief seizures evoked in animal models have shown an association with GABAergic inter-
neuron cell loss and reduction in seizure inhibition processes.*® This may contribute to self-sustaining seizures, increased
neuronal excitability, and the development of intractable epilepsy.*>**¢

Acute seizures that continue untreated are a risk factor for injuries and a worsening condition.*”** The long-standing
theory of “seizures beget seizures” is sometimes quoted in discussions of the pathophysiology of epilepsy, suggesting that
seizures affect the brain in ways that contribute to disease progression and the likelihood of future seizures; this continues
to be an area of investigation that should not be generalized without being taken in the context of other factors associated
with seizure-related risks.*’ The repetitive and prolonged seizures associated with status epilepticus have been associated
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Table | Currently Approved Immediate-Use Seizure Medications

Formulation

Dosages

When to Give First/
Second Dose

When to Call 911

FDA approval for seizure clusters

Diazepam rectal gel’

Patients aged 22 y

Dosage by age and weight

® 2-5y, 0.5 mg/kg

® 6-11y, 0.3 mg/kg

® [2+y, 0.2 mg/kg
Doses: 2.5, 5, 7.5, 10, 12.5, 15,
17.5, and 20 mg

First dose: Based on
doctor’s directions or
prescription

Second dose: 4-12 h after
first dose

® Seizure(s) continues |15 min after administra-
tion or per doctor’s instructions

® Seizure behavior is different from other
episodes

® Caregiver is alarmed by the frequency or
severity of the seizures

® Caregiver is alarmed by the color or breathing
of the person

® The person is having unusual or serious problems

Diazepam nasal spray*>®

Patients aged 26 y
Dosage by age and weight
® 6-11y, 0.3 mgkg
® |2+y, 0.2 mg/kg
Doses: 5, 10, 15, and 20 mg

First dose: Based on
doctor’s instructions
Second dose: After 4 h

® Seizure clusters are different from that of
other seizures the person has had

® The caregiver is alarmed by how often the
seizures happen, by how severe the seizure is,
by how long the seizure lasts, or by the color
or breathing of the person

Midazolam nasal spray’

Patients aged 212 y
Dose: 5 mg for all patients

First dose: Use as
healthcare provider
instructs and follow the
Instructions for Use

Second dose: After 10 min

® Seizure or seizures continue after giving the
drug to the person as instructed by the
healthcare provider

® Seizure behavior in the person is different
from other episodes

® The caregiver is alarmed by the number or
severity of the seizure or seizures in the person

® The caregiver is alarmed by the color or

breathing of the person

Diazepam buccal film®3°

Only pediatric patients aged 2-5 y
Dose: based on weight; 5, 7.5, 10,
12.5, or 15 mg

First dose: Give the drug
exactly as the child’s
healthcare provider
instructs

Second dose: After 4 h

Shallow or slowed breathing
Breathing stops

Excessive sleepiness

If there are serious side effects

Seizure behavior is different from other epi-

sodes the child has had

® The caregiver is alarmed by how often the
seizure happens, by how severe it is, by how
long it lasts, or seizure is alarming

® The child has unusual coloring or breathing

® |f too much drug is used

® |f the treatment is spit out or the dose cannot
be given

® There is an increase in seizure frequency that

does not stop after using the drug as instructed

by the child’s healthcare provider

European approval for other indications

Buccal midazolam®

Approved by EMA for treatment of
prolonged acute convulsive
seizures in patients aged 3 mo to
<|8y

Dose: by age; 2.5, 5, 7.5, and 10 mg

First dose: Not provided
Second dose: Caregivers
should only administer

a single dose

If the seizure has not stopped within 10 min,
emergency medical assistance should be sought

(Continued)
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Table | (Continued).

Formulation Dosages When to Give First/ When to Call 911
Second Dose

Diazepam rectal Approved by the EMA for First dose: Not provided Not provided
solution (specifically treatment of epileptic and febrile Second dose:
Desitin)® convulsions in patients aged 21 y ® Pediatric—if no effect is

Pediatric dose: by age and weight; seen after 10 min, the

5- or 10-mg tube dose can be repeated

Adult dose: two 10-mg tubes ® Adults—if no effect is

seen after 10 min, an
additional 10-mg tube can

be given

Abbreviations: EMA, European Medicines Agency; FDA, US Food and Drug Administration.

with neurologic damage to the brain that has been demonstrated in animal models,’*"

and such damage potentially may
occur with shorter seizures that are not treated promptly. However, epilepsy is a condition with variations in presentation
and progression among patients, so the likelihood of physiologic change should not be oversimplified.

Although it has been found that many single seizures are self-limiting and may terminate within 2 minutes of
initiation,”> immediate treatment can still be beneficial. Treating immediately, once a seizure cluster is recognized, may
have the potential to limit the risk of morbidity (eg, injury) and mortality and possibly post-ictal recovery time.'?*%3375°
Accidents and physical injuries may be associated with acute seizures, including head trauma, fractures, joint dislocations

or sprains, and soft tissue injuries.*® Some injuries may lead to hospitalization.*®

Effectiveness of Early Treatment

Prompt treatment of seizure clusters has been shown to be feasible for caregivers and patients and to lead to faster seizure
termination. In a proof-of-concept study, an immediate treatment paradigm was used to assess an inhaled formulation of
alprazolam, a benzodiazepine for the treatment of anxiety disorders, as a treatment to suppress epileptiform activity in patients
with epilepsy and photosensitive seizures; alprazolam is being investigated as a potential acute treatment option for seizures.>®
In the small group of patients previously diagnosed with epilepsy (n=5), all doses of alprazolam (0.5, 1.0, and 2.0 mg) showed
effectiveness at 2 minutes.’® Immediate use once the seizure type was identified was also included in the protocol for a phase
2b study of alprazolam for rapid seizure termination®” and the phase 3 study of midazolam nasal spray.>®

In another illustrative example of timing data, early effectiveness was specifically investigated with an FDA-approved
medication for seizure clusters in an exploratory post hoc analysis that was performed using timing data for treated seizure clusters
of patients from the phase 3, open-label, repeat-dose safety study of diazepam nasal spray for acute treatment of seizure clusters.'
Doses were based on age and weight; if needed, second doses could be administered 4—12 hours after the initial dose, and
investigators could adjust dosing if needed.”® During the study, details on seizure timing and drug administration were reported in
a patient diary.®® For the post hoc analysis, mean times from the seizure prompting treatment to drug administration and from drug
administration to seizure termination were calculated.'> Temporal patterns were expressed as descriptive statistics.'

The median time to administration was 2 minutes after the start of the seizure cluster, and the majority of
administrations occurred in 05 minutes (2169/3225 [67.3%])."> Of the doses administered within 5 minutes of the
start of the seizure cluster, nearly two-thirds (65.2%) were administered <1 minute (Neurelis, data on file). The median
time from dose to seizure termination was 3 minutes, and the mean total seizure duration was 7 minutes. For seizure
clusters treated in <5 minutes, the median time to administration was 1 minute, the time from administration to
termination was 2 minutes, and mean duration of seizure was 4 minutes. For seizure clusters treated in the 5—15 minutes
after the start of seizure cluster, the median time to administration was 6 minutes, median time from dose to seizure

. . . . . . 1
termination was 7 minutes, and the mean duration of seizure was 15 minutes.'”
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When a sensitivity analysis removing seizure durations of 0 to 2 minutes (729/3225 [22.6%]) was performed to
reduce potential confounding by seizures that may have been self-limited, the results were comparable.'® Again, the
majority of administrations were in <5 minutes (1440/2495 [57.7%]) and time to seizure termination as well seizure
duration were shorter with earlier intervention.'> That the results were similar shows that self-terminating seizures did
not skew the results, which is supportive of the ability of caregivers to accurately identify seizure clusters.

Implications Beyond “Rescue”

Additionally, for the diazepam nasal spray safety study, the proportion of seizure clusters during which a second dose was
administered within a 24-hour period was used as a proxy for effectiveness.”’ Of a total of 3853 seizure clusters, second
doses were administered for 485 (12.6%).%’ Exposure to diazepam nasal spray was also evaluated using a population
pharmacokinetic (PK) model developed with data from three Phase 1 studies (n = 126 [healthy volunteers, n = 78;
patients with epilepsy, n = 48]).>° The model evaluated the effect of the dosing interval on diazepam exposure and found
that dosing intervals from 1 minute to 4 hours had comparable exposures as later doses without affecting safety.””

Twenty-seven patients reported on an exit survey that they had self-administered diazepam nasal spray at least once
during the safety study.>* When asked when they primarily administered diazepam nasal spray, 48% of the patients in this
group responded that they did so “at the first signs that a seizure may be coming”.>* Studies of alprazolam for rapid
seizure termination and diazepam buccal film also have looked at self-administration.’”-*

An additional sign of effectiveness among patients in the diazepam nasal spray safety study has been the increase in
interval between treated seizure clusters (SEIVAL) over time in both the overall population and specific subgroups.
A post hoc analysis found that the mean duration between seizure clusters with as-needed use over a 1-year period was
associated with doubling in time from the first 90-day period to the last 90-day period (day 1-day 360), a significant
increase (P<0.001 by ¢ test).®' A consistent pattern of increasing SEIVAL over time was seen in patient age subgroups,
patients with and without changes in concomitant ASMs,°' by patient sex,? and in patients who self-administered
diazepam nasal spray.®?

Safety and Tolerability Profile Supports Immediate Use
There are class warnings regarding concomitant use of opioids and benzodiazepines for all of the FDA-approved
therapies for adults and pediatric patients with seizure clusters.”” ° These approved benzodiazepines have demonstrated
favorable safety profiles in clinical studies. For rectal diazepam gel and diazepam nasal spray and for midazolam nasal
spray during double-blind treatment, no reports of respiratory depression were attributable to the study drugs in the
respective long-term studies.”’**%* In the test-dose phase of the midazolam nasal spray study, <1% of patients had
clinically meaningful treatment-related respiratory depression,** and there also was 1 report of respiratory failure that
was possibly treatment related in the phase 3, open-label safety study of diazepam buccal film (n = 118).°°

In the diazepam nasal spray long-term safety study, those patients receiving second doses <4 hours after the initial
dose for a seizure cluster (152 of 485 second doses [31.3%]) had generally similar rates of adverse events to the overall
study, with slightly higher rates of treatment-related adverse events that were related to treatment administration (eg,
epistaxis and nasal discomfort [7.9% of the patients each] in the second doses in <4 h group vs 1.8% and 6.1%,
respectively, in the overall safety population]).>

Somnolence is a common concern for treatment with benzodiazepines; however, it may be difficult to distinguish
between somnolence related to medication and the patient being in a post-ictal state.°* In the open-label diazepam rectal
gel study (n = 149), somnolence was the most frequently reported adverse event (17% of the patients; considered
treatment related in 9%).%* In the open-label diazepam nasal spray study (n = 163), somnolence was reported in 6.7% of
patients, with 1.8% of patients having treatment-related somnolence.?’ In the open-label midazolam nasal spray study
(n = 161), somnolence was reported in 9.3% of patients.’’ A discussion between the clinician and patient on this
consideration should also be balanced with information on post-treatment recovery times.

Among patients responding to a question on the diazepam nasal spray safety study exit survey about how quickly they
returned to their usual selves (n = 64), 59.4% reported the time to be within an hour of their most recent administration of
diazepam nasal spray.”* Among caregivers (n = 80) who administered the drug to patients in the study, 8.8% said they did
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so at the first sign of a seizure, while the majority said they did so during a seizure (81.4%). Of these caregivers (n = 79),
59.5% said they could return to their daily activities within an hour.”* For midazolam nasal spray, return to baseline
functionality within 24 hours after treatment of a seizure cluster episode with 1 or 2 doses was seen in 97.2% (1167/
1201) and 94.2% (749/795) patients, respectively, in an open-label extension trial (n = 161), with estimated return to
baseline median times of 1.2 and 1.3 hours, respectively.®’

Knowledge Gaps

Although the findings from this review appear to support the hypothesis that immediate treatment is beneficial for fast
resolution of a seizure cluster, additional knowledge gaps will need to be addressed to further clarify this. It would be
helpful to know the effect of earlier treatment on cognitive function and post-ictal recovery. Additionally, more data
should be obtained on treatment across the spectrum of different lengths of seizures, the impact of consistent early
treatment on outcomes, time to use of second doses, and observed change in frequency of prolonged seizures with
treatment.

Conclusion

The findings of this review suggest that it may be time to reconsider the use of the term “rescue” for medication used as
needed to shorten or abort seizure clusters, as this term may imply waiting to administer treatment, which is not
supported by current data. The term “immediate use” may more appropriately address the guidance to treat seizure
clusters when first recognized. Immediate use is consistent with the prescribing information indication for FDA-approved
medications and similar to the terminology used for treating acute asthma attacks. Such treatment may help to lower the
risk of morbidity and mortality associated with seizure clusters.
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