1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Neurol Sci. Author manuscript; available in PMC 2022 October 01.

-, HHS Public Access
«

Published in final edited form as:
Neurol Sci. 2021 October ; 42(10): 4017-4027. doi:10.1007/s10072-021-05468-9.

Rescue Therapies for Seizure Emergencies: Current and Future
Landscape

Debopam Samanta, MD
Child Neurology Section, Department of Pediatrics, University of Arkansas for Medical Sciences,
Little Rock, Arkansas

Abstract

Seizure emergencies- status epilepticus and seizure clusters- require rapid evaluation

and treatment. Several consensus-based guidelines support a prompt use of intravenous
benzodiazepines as the first-line therapy in seizure emergencies. However, most seizure
emergencies start outside the hospital settings. Until recently, approved prehospital rescue
therapies were limited to rectal diazepam and buccal midazolam(Europe only). The author
provides a narrative review of rescue therapies for seizure emergencies based on a comprehensive
literature review (PubMED and OvidSP vendors with appropriate keywords to incorporate recent
evidence). A commercial version of intranasal midazolam was approved by the FDA in 2019

for 12> years old with seizure clusters. In 2020, the FDA also approved a proprietary vitamin E
solution-based diazepam nose spray to abort seizure clusters in =6 years old subjects. Besides the
availability of new therapies from successful trials in controlled settings, the real-world challenges
of using rescue medicines in community settings are slowly emerging. With multiple options,

a more robust and updated cost-effective analysis of different rescue medicines needs to be
performed using effectiveness data from the literature and cost data from publicly available market
prices. Further research is also ongoing to develop alternative non-intravenous treatment options
for outpatient settings. Lastly, several other non-benzodiazepine drugs, such as allopregnanolone,
propofol, brivaracetam, etc., are also currently under development for seizure emergencies.
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Introduction

Seizure emergencies- status epilepticus (SE) and seizure clusters- require rapid evaluation
and treatment. Although the definition of SE proposed by the International League Against
Epilepsy (ILAE) Task Force is becoming well recognized and universally accepted, there
is no standard definition for seizure clusters.:2 (Table 1)Impact and severity of seizure
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clusters can have significant inter-and individual-subject variability; however, in most
situations, treatment of both these emergencies is time-sensitive. Besides rapid assessment
and supportive care, several consensus-based guidelines support prompt and early use of
intravenous (V) benzodiazepine (BZD) as the first-line therapy in seizure emergencies.3: 4 5
Delayed treatment of SE is associated with higher odds of death, prolonged seizure duration,
greater need for continuous anesthetic infusion to abort seizures, and a higher incidence of
hypotension.5-10 Additionally, inadequate treatment of seizure clusters may be associated
with further development of SE and an increased possibility of ER visits and hospitalization.
Moreover, seizure clusters have a negative impact on the quality of life, predictability of
daily routines, and productivity.

As most of these emergencies start outside of the medical facility, there has been
significant research searching for an ideal prehospital non-1V rescue medicine that would
be efficacious, safe, easy to use, inexpensive, and readily available. (Table 2) By aborting

a prolonged seizure promptly or preventing subsequent seizures, rescue medicines may
obviate the need for further invasive interventions and minimize escalated medical care costs
associated with ER visits and hospitalization. Having access to rescue medicines, patients
and caregivers may experience an increased sense of control, security, and confidence in
managing seizures at home. They may travel with less worry and have enhanced freedom to
make long-range plans.1 Although BZDs are universally regarded as the most appropriate
first-line medicine, the preferred BZD with a particular route of administration in the
out-of-hospital setting is currently open to debate.1? Besides biological characteristics

of patients, various pharmacokinetic(PK) and pharmacodynamics(PD) characteristics of
different BZDs such as rapidity of action, half-life, bioavailability, efficacy in seizure
suppression, and side effects, ease of preparation and administration, etc. are vital attributes
for selecting a BZD(with a specific route of administration) over others for a particular
patient. This problem in selecting appropriate BZD has been worsened in recent time with
the availability of two new commercial intranasal products containing midazolam (MDZ)
and Diazepam (DZP) besides the accessibility of rectal DZP gel in the US market since

the 1990s [additionally, off-label or geographically restricted approved use of MDZ nose
and oromucosal spray, clonazepam(CZP) wafer, sublingual, or IN lorazepam(LZP) has been
rampant globally]. A Class | evidence exists for rectal DZP and IM and IN MDZ based on
results available from randomized controlled studies. On the other hand, the efficacy of IN
DZP has not been directly evaluated yet, and there are no studies on CZP that meet Class

I, I, or 111 criteria of evidence. The author followed a narrative review approach to allow
comprehensive discussion of rescue therapies for seizure emergencies to highlight changing
landscape of seizure rescue therapies: two previously approved therapies(rectal DZP and
buccal MDZ) are introduced first, followed by two newly available treatment options- DZP
and MDZ given by intramuscular(no commercially available options yet) and intranasal
routes. After that, two other alternatives, clonazepam wafer and sublingual and IN LZP, are
discussed.

Rectal Diazepam (DZP)

The presence of methyl group in the DZP contributes to its greater lipophilicity(compared
to other BZDs) and the faster absorption across the tissue membranes, resulting in
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higher brain concentrations quickly. Before introducing commercial rectal DZP gel in

the 1990s, physicians had used compounding preparations of parenteral DZP for rectal
use(administered by a rubber tube). However, approval of commercially available rectal
DZP gel made that practice obsolete for various reasons: difficulty with handling glass
ampules containing DZP solution, long preparation time, injury risk to the patients and
caregivers, potential dosing error, need to store the solution at a controlled temperature, and
limited shelf life.

The rectal route has been explored since early in the research as thinner rectal epithelium
can absorb DZP faster, and the rectum can handle larger volume than other transmucosal
surfaces. DZP rectal gel provides the peak plasma concentration within 90 mins with a
bioavailability of 80-90% and compares favorably to the slow and erratic absorption of

DZP suppositories.13 Dreifuss et al. compared rectal DZP gel (2 doses in 4 hours apart in
children and three doses in adults 4-8 hours apart to maintain target plasma concentration
150-300 ng/ml) with placebo in 91 subjects.4Seizure recurrence was significantly less in
the DZP group (P<0.001) both globally and separately in children and adults. The difference
was apparent in 30 mins after the 15t dose. The global assessment of treatment outcome(a
combination of seizure frequency, seizure severity, and drug toxicity) by caregivers was
significantly better in the DZP group (globally and in children but not in adults; it is unclear
if an extra dose in adults caused more somnolence to minimize the benefits from seizure
reduction). Cereghino et al. conducted a randomized, placebo-controlled, double-blind study
of rectal DZP gel given by caregivers at home in 114 patients recruited from 29 centers.1®
DZP treated patients had fewer seizures than the placebo group (P=0.029), and more patients
in the DZP group remained seizure-free for 12 hours in the post-administration observation
period. Kaplan-Meier Survival curves further showed that DZP not only delayed the next
seizure but prevented further seizures. Both caregiver and investigator global assessment
scores showed better outcomes with DZP than placebo. The most common adverse effect
was somnolence, and there was no observable effect on respiration. Further, Mitchell et

al. evaluated persistent efficacy and safety of recurrent use of rectal DZP at an interval

of >5 days for seizure clusters in patients with intractable epilepsy.1® The study showed

the efficacy of DZP did not decrease with recurrent administration. Approximately 77% of
patients remained seizure-free for 12 hours after the use of rectal DZP. There was also a
significant reduction of the need for ER visits (only 3-6% patients evaluated in the ER after
1-3 doses of DZP) compared to a historical cohort of seizure cluster patients treated with
placebo(13% patients required ER visit). Until recent times, rectal DZP was the only FDA-
approved home medicine for seizure clusters in the US. However, the use of rectal DZP

is particularly troublesome if a seizure occurs in public places. In general, it is difficult to
use, except in very young children, due to privacy issues. Administration can be specifically
challenging in individuals who use wheelchairs. Though there are advantages of no need

for refrigeration and IV access for administration of rectal DZP, care providers-almost
universally- prefer alternative routes of medication administration. Moreover, rectal DZP can
be erratically absorbed with variable plasma exposure and may take a relatively long time to
reach peak concentration. DZP’s high lipid solubility results in rapid in vivo redistribution
into peripheral tissues and may lead to a decrease in brain concentrations rapidly with a
shorter duration of clinical effectiveness.
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Buccal Midazolam (MD2Z)

Due to social and legal concerns of rectal administration, researchers continued to search for
an alternative rescue medicine. MDZ has been evaluated extensively due to its comparable
lipid solubility and efficacy to DZP with a faster onset of action. In 2011, the European
Medicines Agency approved the prefilled MDZ oromucosal solution(2.5-10 mg) to stop
prolong convulsive seizures in the age group of 3 months to 18 years of age.1’ Specific
buccal formulations are available in Europe, but formulation intended primarily for injection
is given buccally in most other countries.

Scott et al. reported a randomized study of 42 young patients in a residential facility

with seizures>5 mins to compare the efficacy of buccal MDZ compared to rectal DZP.
MDZ(75%) was noted to be at least as effective as DZP(59%, P=0.16) in the cessation

of seizures.18Ashrafi et al. reported an unblinded study from 2 hospitals in Tehran, Iran.1°

A total of 98 patients >3 months old with >5 mins of seizure were exposed to either

buccal MDZ or rectal DZP. In the MDZ group, the seizure was controlled in 42 out of

49 patients(82%) within 4 mins, and all patients stopped seizing within 5 mins. On the

other hand, in the DZP group, only 24(49%) and 40(82%) patients had seizure cessation
within 4 and 5 mins, respectively. Whereas 94% of patients were satisfied with buccal
dispensing, only 14% of parents were pleased with the rectal mode of administration. It was
hypothesized that other than the potential difference in onset of action between MDZ and
DZP, removing clothing and appropriate positioning necessary for rectal DZP might have
caused an additional delay in the seizure control. Talukdar et al. reported a comparative
unblinded study between buccal MDZ and IV DZP in 120 children with any seizure duration
in a pediatric hospital in India. They detected no statistical difference in controlling seizures
between these two groups within 5 mins.20 As expected, the MDZ group received faster
administration of medicine, but after the agent’s administration, the IV DZP group had more
immediate cessation of seizures. In a single-blind randomized placebo-controlled study,
Mpimbaza et al. compared buccal MDZ and rectal DZP in 330 children (3 months- 12 years)
from Uganda with seizures longer than 5 mins.2! Malaria was the most common underlying
etiology (67.3%). Treatment success(cessation of seizure activity within 10 mins with no
recurrence over the next 1 hour) in the MDZ group was statistically superior only in a subset
of patients without malaria. Mclntyre et al. conducted a multicenter, randomized controlled
trial to compare buccal MDZ and rectal DZP in 177 patients(>6 months old) with active
seizures in a UK hospital.22 The positive response was attributed to the cessation of seizures
within 10 mins with no subsequent recurrence over the next hour. The responder rate in the
MDZ group was 56% and only 27% in the DZP group.

Despite positive results in the research settings and approved indication, buccal
administration can be complicated in patients with a clenched jaw(pushing the syringe’s
nozzle between lips and gums may help), clonic jaw movements, or the presence of
hypersalivation. Patients may also swallow a proportion of buccal medicine, causing variable
PK effect and delayed onset of action.23 Other disadvantages include unpleasant taste,

risk of aspiration, caregiver injury potential (eg, bitten finger), and the requirement for
refrigeration of some liquid medicines.
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Intramuscular(IM) BZD therapies

IM administration of BZDs has been researched due to the risk of blowing or spitting

out of the active drug administered via other transmucosal routes and potential use in

nerve agent mass casualty management.2# Several BZDs can be given via the IM route to
quickly achieve maximum concentration (Tmax). Many paramedics [Emergency medical
services(EMS)] prefer to use IM therapy over IV administration to leverage ease and

speed of IM injection. Autoinjector(Al) can be further beneficial over conventional IM
administration. IM DZP may provide higher average exposure than rectal administration.2>
Lamson et al. demonstrated in a phase I, randomized, open-label study that DZP Al
produced higher plasma peaks and better absorption with less variability than DZP rectal
gel in healthy adult volunteers.26 Abou-Khalil et al. conducted a double-blind, randomized,
placebo-control trial of DZP Al (administered over the mid-lateral anterior thigh) in 234
patients with acute repetitive seizures.2’The time to the next seizure was significantly longer
(P=0.012), and the requirement of other rescue medicines was lower (P=0.01) in the DZP
group in the 12-hour post-dose period. Absolute risk reduction of seizure or need of other
rescue drugs was approximately 20 %(55% in the placebo group vs. 35% in the DZP
group). Adverse effects were similar between the two groups, with the most common being
injection site pain and hemorrhage. A higher rate of accidental injection during the early trial
period was improved later with further training and Al redesigning. Rogin et al. published
part 2 of the study that demonstrated the long-term safety and effectiveness of DZP Al

in an open-label continuation phase.28 Out of 129 patients with refractory seizure clusters
receiving 1380 Al treatments, 77.6% had no subsequent seizure or need of rescue therapy
in the next 12 hour period. Al was used over the bare skin but can be administered through
clothes. However, the sponsor did not apply for FDA approval for an unknown reason.
DZP IM injection, using a conventional syringe over the deltoid muscle, had not been that
successful as it might be associated with slow and incomplete absorption. Similarly, DZP
may absorb erratically following IM injection into the gluteus muscle.

A randomized, double-blind study [RAMPART (Rapid Anticonvulsant Medication Prior

to Arrival Trial]) provided evidence of the non-inferiority of IM MDZ(administered by
Al) to IV LZP. These rescue medicines were administered by paramedics for successful
termination of clinically evident seizures at the arrival to the ER.2930 Frequency of
intubation, recurrent seizures, safety outcomes were similar between the two groups, but
fewer subjects in the MDZ group(P=0.01) required hospital admission. As expected, the
time needed for IM administration was shorter than the administration of IV medicine, and
the onset of action was faster in the IV LZP group after the administration of medication.
In a secondary analysis among pediatric patients, Welch et al. further showed similar safety
and effectiveness of IM MDZ compared to IV LZP for prehospital treatment of seizure by
paramedics.3!

Intranasal midazolam(IN MDZ)

IN route is considered an attractive alternative to other BZD administration methods due

to its non-invasiveness, the potential for a direct nose to brain delivery, high vascularity of
the nose, relatively sizeable absorptive area, and avoidance of the first-pass metabolism.32
However, the poor water solubility of BZDs limited the initial development of a commercial
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product. The solubility of MDZ, a 1, 4 BZD, is pH-dependent: freely water-soluble if pH

is <4, but becomes lipid soluble with the closure of the BZD ring in physiological pH and
capable of rapidly crossing the blood-brain barriers to exert its action promptly. As MDZ
undergoes hydroxylation by hepatic microsomal oxidative system, IN administration has the
advantage of bypassing portal circulation to accelerate systemic availability. Parenteral MDZ
preparation has been used for IN administration with the atomization device to transform
the liquid into tiny particle sizes. Large droplets without atomization pass through the
nasopharynx and are swallowed. McMullan et al. performed a meta-analysis of 6 studies
involving 774 individuals(mostly children with a maximum age of 22 years) to compare
MDZ(administered by any routes) to DZP.33 MDZ was noted to be superior to DZP(by

any route) in terms of efficacy in seizure cessation. Thakker et al. conducted a RCT to
compare IN MDZ(0.2 mg/kg) and 1V DZP(0.3 mg/kg) in 50 children(1 month-12 years)
with seizure duration >10 mins.34The administration of medication and seizure cessation
since the arrival to the ER was significantly faster in the MDZ group; however, cessation of
seizure since medication administration was faster in the DZP group. The overall efficacy
of seizure cessation within 10 mins was equivalent in both groups. A prehospital pediatric
study of IN MDZ and rectal DZP demonstrated 19 minutes shorter median seizure time in
the MDZ group than those who received rectal diazepam (P =.003).3> Additionally, the
DZP group patients had a higher risk of subsequent seizures or the need for intubation,
hospitalization, or placement in the intensive care unit. Holsti et al. performed an RCT to
compare IN MDZ and rectal DZP for home treatment of seizures longer than 5 mins in a
pediatric population.38The median time for seizure cessation after medication administration
was faster in the MDZ group by 1.3 mins. The study was underpowered to show statistical
significance, and there was no detectable difference in efficacy and adverse effects between
these groups.

Mahmoudian et al. conducted an RCT to compare IN MDZ (0.2 mg/kg; administered by
dripping the medicine in the nostrils without the use of atomizer) with IV DZP(0.2 mg/kg)
in 70 children(2 months-15 years) in a pediatric emergency department in Iran.3” The

time required to secure the IV line was not documented. IV DZP was faster to control
seizure (2.94 mins vs. 3.58 mins; P=0.007). Lahat et al. compared the safety and efficacy

of IN MDZ(0.2 mg/kg) with IV DZP(0.3 mg/kg) in 47 children(6 months-5 years) with
prolonged(>10 mins) febrile seizures.38 As expected, children received MDZ faster than the
DZP (mean 3.5 mins vs. 5.5 mins). The MDZ group had an overall shorter seizure duration
since arrival at the hospital (6.1 mins vs. 8 mins). However, both medicines were effective
for the cessation of seizures.

Due to the limited volume of the nasal cavity, there has been a strong interest in developing
a highly concentrated IN MDZ product. Additional focus was to create a prefilled, easy

to use, delivery device as the use of parenteral MDZ with atomization device can be
complicated: drawing up the appropriate dose of medication from the 1V vial, switching
syringe tips, and preparing IN delivery with atomization device, all while one’s child
continues to have ongoing seizure activity. Hardmeier et al. performed a PK/PD study
using highly concentrated IN MDZ containing absorption-enhancer chitosan in 12 healthy
adults and compared with 1V MDZ.3° Majority of the subjects attained maximum plasma
drug concentration with increase beta band frequency changes in the EEG within 10 mins
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of IN administration(median time to onset 5.5 and 6.9 mins for 6 mg and 3 mg IN MDZ,
respectively compared to 1.2 mins for 5 mg IV MDZ).

A novel MDZ commercial, standardized formulation (USL261/Nayzilam) optimized for
delivery as a single-dose nasal spray had been developed in conjunction with its delivery
device as a combination product. Rapid delivery of this product by IN route showed
excellent absorption compared to IV MDZ in a pilot study.4? Further phase | PK/PD,
randomized, double-blind studies provided evidence of increasing exposure of MDZ with
increasing IN dose from 2.5 mg to 7.5 mg.#142 Another study demonstrated that doses up
to 20 mg could be tolerated without significant adverse effects.*3 Berg et al. compared
PK/PD data of USL261 (2.5 and 5 mg) between geriatric and non-geriatric adults.4

MDZ was rapidly absorbed in both groups with a similar time to reach maximum plasma
concentration; however, maximum plasma concentration is 20% higher in the geriatric
population. Detyniecki et al. conducted a phase 111, randomized, double-blind, placebo-
controlled trial to compare 5 mg MDZ nose spray(prefilled atomizer) to placebo in 292
patients =12 years old.#> During randomized phase, MDZ was associated with higher rate
(53.7% vs. 34.4%, P=0.0109) of treatment success (seizure termination within 10 mins and
no subsequent recurrence over the next 6 hours). Moreover, fewer patients in the MDZ group
had seizure recurrence (38.1% vs. 59.7%; P=0.0043). Time to subsequent seizure analysis
showed similar results to the pivotal rectal DZP study: early benefit evident within 30 mins
(as MDZ peaks in less than 10 mins after IN administration) and the persistence of benefit
until 24 hours (perhaps due to effective termination of accelerated seizure progression phase
rather than persistence of effective plasma concentration as MDZ has a short elimination
half-life of 1.5-6 hours). This commercial version of IN MDZ was approved by the FDA in
2019 for > 12 years old with seizure clusters.46

Intranasal diazepam(DZP)

Besides IN MDZ, DZP has been extensively investigated as a potentially good candidate
for IN therapy. DZP has superior bioavailability and longer elimination half-life and
duration of action compared to MDZ. Following IN administration, MDZ exhibits a

faster but lower and more variable absorption compared to intranasal DZP.4” Sperling

et al. conducted an open-label, multicenter PK study of IN DZP (inactive ingredients

were methyl laurate, diethylene glycol monoethyl ether, N-methyl-2-pyrrolidone, propylene
glycol monocaprylate, ethanol, and water).*8 A total of 30 patients received DZP during

or after a convulsive tonic-clonic seizure. Median Tmax was 45 mins. Approximately 65%
of patients were seizure-free during the post-dose 12 hour period with good tolerance.
However, this product subsequently failed to demonstrate bioequivalence with DZP rectal
gel in patients with epilepsy.*® A proprietary vitamin E(to improve solubility) solution-
based DZP nose spray(Valtoco) was later evaluated.>C Intravail technology- a patented
alkylsaccharide transmucosal delivery enhancer- has been adopted for this nose spray to
increase intranasal bioavailabilities with less risk of mucosal irritation. Adult bioavailability
studies, PK studies, and open-label safety studies were performed to compare Valtoco with
DZP rectal gel. Valtoco is 97% bioavailable, produces peak plasma concentration in 1.5
hours, and elimination half time (10 mg DZP) of 49.2 hours.>1 Moreover, the absorption of
Valtoco was noted to be 2—4 fold less variable compared to the DZP rectal dose. Among
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190 patients receiving Valtoco, the most commonly reported adverse effects were local,
nasal discomfort, congestion, mild epistaxis, and dysgeusia. Other than an allergic reaction
to BZDs, these nasal sprays are also contraindicated in the presence of acute angle-closure
glaucoma. Valtoco has 10.5 mg benzyl alcohol as a preservative/0.1 ml and may cause the
gasping syndrome in premature neonates and low birth-weight infants. Although there have
not been any direct evaluation, the efficacy of IN DZP had been extrapolated from the rectal
DZP experience in the clinical trial and open-label studies (section 505(b)(2) of the FDA,
which allows the application to use information from previous studies done by others). In
2020, the FDA approved Valtoco to terminate seizure clusters in =6 years old subjects.

There has been concern raised about nasal passage blockage by mucus and poor absorption
of IN MDZ and DZP, particularly if the patient has upper respiratory tract infection or
seasonal allergies. However, the infection can increase local blood flow and potentially
accelerate absorption and counteract the diluting effect of nasal secretions. Although, the
two new FDA-approved IN formulations may mitigate privacy concern associated with
rectal DZP, many children will not meet the required age criteria for these preparations.
There is no head-to-head study to compare the efficacy between the 2 IN formulations. It
is also unknown if one product would be better depending on the patient and/or seizure
characteristics. The dose and administration protocol are different in these 2 IN products.
The IN midazolam has a single 5 mg dose that can be repeated in 10 minutes, whereas
intranasal DZP has an age- and weight-based dose(can be repeated in 4 hours). The high
cost and insurance approval of these two products may also be a significant barrier to afford
these.

Clonazepam wafer (orally disintegrating tablet)

After oral administration, CZP is rapidly absorbed with a bioavailability of 909.52:53
Maximum plasma concentration is achieved within 1-4 hours.52 CZP is highly metabolized
with an elimination half-life of 30—40 hours.52 However, comparison PK data on
transmucosal absorption from wafer versus absorption via the enteral route of CZP is
lacking. CZP wafer can be administered between check and teeth to avoid the risk of any
trauma to the individual administering the wafer. Troester et al. published an anonymous
patient-survey report to evaluate the efficacy of the CZP wafer.>* Only 56 responses were
received among 381 questionnaires mailed to individuals treated with CZP over six years. A
total of 38 of the 56 patients (68%) reported efficaciousness: the cessation of seizure within
10 mins of wafer administration. Despite the lack of robust supportive studies, CZP is the
preferred first-line treatment for seizure clusters(except in very young patients) among US
pediatric neurologists, most likely due to its ease of administration and inexpensive cost.>®

Sublingual and Intranasal Lorazepam(LZP)

LZP has been extensively studied as rescue therapy with the potential for a more prolonged
effect to reduce seizure-recurrence due to its long half-life and slower redistribution from
the brain because of lower lipid solubility.Arya et al. randomized 141 consecutive children
(614 years old) with active convulsion in an emergency department of an Indian hospital to
receive either 1V or IN(without atomizer device) LZP (0.1 mg/kg, 4 mg max).>6The primary
outcome of this open-label trial was clinical seizure remission within 10 mins of medication
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administration. The efficacy of IN LZP (83.1%) was noted to be non-inferior to IV LZP
(80%). Continued seizure remission after 1 hour of medication administration, the median
time to achieve seizure cessation (3 mins), and adverse effects were similar between these
two groups. Yager et al. used sublingual LZP in 10 children with seizure clusters and noted
intra-and inter-subject variability in the effective dose (0.05 mg/kg to 0.15 mg/kg).>’ Ahmad
et al. compared IN LZP with IM paraldehyde in 160 children (>2 months) presented to

the ED with seizures>5 mins.>8 Clinical seizure remission within 10 mins of medication
administration was present in 75% of the LZP group vs. 61.3% in the paraldehyde group.
Approximately 10% of patients had seizure recurrence within 24 hours in the LZP group and
about 14% in the paraldehyde group. Malu et al. conducted an RCT to compare sublingual
LZP (0.1 mg/kg) with rectal DZP(0.5 mg/kg) in 436 children(5 months-10 years) with
seizures >5 mins.>? Seizure cessation within 10 mins was lower in the LZP group (56%)
than the patients treated with rectal DZP(79%, P<0.001).

It has been suggested that buccal absorption of LZP can be slower than the intake through
the nasal mucosa. LZP plasma level necessary for seizure control (60-80 ng/ml) may not be
achieved consistently with sublingual administration(reported to peak at 14-16 ng/ml). IN
LZP is also assumed to be a less optimal candidate than IN DZP or MDZ due to its slower
absorption and onset of action because of its lower lipid solubility. Some authors suggested
a higher dose of non-1V LZP (8 mg irrespective of weight) to achieve the target plasma level
and desired benefit. Finally, LZP has a short shelf life without refrigeration, limiting its use
in the prehospital setting.

Current Status and Future Directions

Real-World Situation—The real-world benefits and challenges of rescue medicines

in community settings by parents, teachers, and other caregivers are slowly emerging.
Vigevano et al. reported a European retrospective observational survey-based study
regarding home rescue medication use(mostly rectal DZP and buccal MDZ) for prolonged
acute convulsive seizures >5 mins in non-institutionalized children(3-16 years).5% Rescue
medication use was associated with a significant reduction of seizure duration <5 mins.
However, it was noted that one-third of patients did not receive rescue medicine within 5
mins, and approximately one-quarter of patients did not receive rescue medication at the
time of the most recent prolonged convulsion. Gainza-lein et al. conducted a cross-sectional,
observational, survey-based study to understand the prehospital rescue medicine use in

the pediatric population.8! Patients with average seizures longer than 30 seconds and a
history of SE were more likely to receive rescue medicines. However, some other specific
categories associated with a high risk of seizure emergencies, such as epilepsy diagnosis

at less than two years of age, polypharmacy with more than 3 AEDs, history of seizure
clusters, or uncontrolled epilepsy, were not more likely to receive a prescription of rescue
medicines. Approximately three-quarter of families preferred non-rectal medication, and
even in a higher proportion in patients with typical development. Although >85% of patients
were prescribed rescue medicines, approximately two-third received training for medication
administration and less than half had a seizure action plan. It was also noted that the
underdosing of the rescue medicines for rectal DZP is common in pediatric patients due to
the growing weight of the child, not consulting dosing chart during prescribing, and being
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apprehensive of adverse effects with a higher dose. In addition, traditional training (reading
information sheet and/or watching online videos) is not enough to prepare patients and
caregivers administering rescue medicines during an emergency with significant emotional
disturbance. Practical and supervised hands-on training with targeted feedback about errors
and spaced repetition may significantly reduce administration errors.52

Lastly, rescue medicine use outside the home, particularly in school, is more problematic
for various reasons: nonavailability of the school nurse, complex legal issues, lack of written
epilepsy policy in schools, lack of training for teachers to administer rescue medicines, and
difficulty accessing medications in the school.

Cost-Effective analysis

Cost-Effective analysis of different rescue medicines in the US was performed using
effectiveness data from the literature and cost data from publicly available market prices.53
In a study published in 2017(not using the cost of the currently FDA-approved IN MDZ),
MDZ (buccal and IN) was noted as more cost-effective than rectal DZP. Further, one-way
sensitivity analysis showed that only a dramatic reduction of rectal DZP price (from current>
$300 to <$6) could make it the most cost-effective option. In the past, only injectable
solution of MDZ had been used for buccal or IN administration (30-50 times cheaper than
rectal DZP); however, now, with recent FDA-Approval, IN MDZ price is significantly higher
(costs between $550 and $660 for a box of two 5-mg doses). The recently approved IN DZP
is also similarly expensive (approximately $560 per box). One European study showed that
buccal MDZ produced cost reduction with improved health-related quality of life despite

the cost of buccal MDZ 10-20 times more than rectal DZP in Europe.®4 However, the
estimation was limited by the subjective assessment of the real-world effectiveness by a
limited number of experts and caregivers’ opinions. Despite the need for further research in
cost-effectiveness, non-intravenous BZD as a group is a cost-effective option for seizure
emergencies, and the choice of the agent may be dependent on several patients- and
medicines-specific variables.

Future Drug Development

Rapidity and completeness of the absorption are governed by Fick’s law (parameters are
absorptive surface area, blood flow, membrane thickness, and lipid solubility).52Although
higher lipid solubility of small molecule drugs increases the absorption rate, the formulation
of these molecules has been complicated due to their poor water solubility. Several
approaches have been investigated to address this issue: co-administration of water-soluble
prodrug with converting enzyme, utilization of organic co-solvents such as alcohol or glycol,
use of absorption enhancers, and application of a lipid-based formula such as Vitamin E.%°
Further research is ongoing to allow a small, hand-held inhaler device to aerosolize and
deliver drug deep in the lungs with a single normal breath. French et al. reported a proof of
concept (phase 2A) study of this delivery technique using alprazolam, which suppressed
photoparoxysmal responses in 5 white adult females.56 Lastly, several other non-BZD
drugs are currently under development for seizure emergencies, such as allopregnanolone,
propofol, and brivaracetam.8”
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Table 1.

Definition and high-risk population for seizure emergencies

Status epilepticus(ILAE
Task Force on
Classification)

A condition resulting either from the failure of the mechanisms responsible for seizure termination or from the
initiation of mechanisms that lead to abnormally prolonged seizures (after time point t;). It is a condition that
can have long-term consequences (after time point t,), including neuronal death, neuronal injury, and alteration
of neuronal networks, depending on the type and duration of seizures. For tonic-clonic SE (t;=5 min, t,=30 min),
focal SE with impaired consciousness (t;=10 min, t,>60 min), and absence SE (t;=10-15 min, t, unknown)

Seizure clusters/“acute
repetitive seizures”/
“flurries”/“cyclical/serial/
repetitive, crescendo/and
recurrent seizures”
[review by Jafarpour et
a|]68

High-risk populations for
seizure emergencies

No standard definitions exist but an increase in seizure occurrence compared with what is expected based on the
patient’s average seizure frequency.

Examples of clinical definitions: Three or more seizure in 24 h (interictal period of 8 h or less; “An episode

of multiple complex partial or generalized (tonic, clonic, tonic-clonic, atypical absence, or myoclonic) seizures
occurring within a 24-h period in adults or a 12-h period in children, with a pattern distinguishable from

the patient’s usual seizure pattern, and with onset readily recognizable by a caregiver, such as a parent” (the
operational definition used in a randomized controlled trial of rectal diazepam in the treatment of acute of
repetitive seizures)

Statistical definition: A deviation from the random and independent distribution of seizures as per the Poisson
distribution model

. Intractable epilepsy

. Epileptic encephalopathies including certain genetic epilepsies such as Dravet’s syndrome and other
sodium channelopathies, ring chromosome 20, pathogenic variants in POL G affecting mitochondrial
function, Angelman syndrome, etc.

. Frontal lobe epilepsy

. Multifocal epilepsy

. Symptomatic generalized epilepsy

. Remote history of CNS infection

. Focal cortical dysplasia

. History of previous seizure emergencies

. Earlier age of seizure onset

. High seizure frequency in the first 12 months after the onset of epilepsy

Neurol Sci. Author manuscript; available in PMC 2022 October 01.
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Routes of Advantages
Administration

Disadvantages

Special Considerations

Intrapulmonary .

Intramuscular

Subcutaneous

Intranasal .
.
.
.
.

Rectal .

The large surface area
of alveoli in the lungs
allows for efficient
absorption of small
molecules

The lungs have very
high perfusion rate
with very thin alveolar-
capillary membrane

Rapid onset of action

Easy access and administration

Easy access and administration

Faster drug
administration and
absorption

Requires minimal
training

Easily administered

Carries little risk of
injury

Faster onset of action

Better absorption rate
than the buccal route as

Determination of the dose is
difficult as it depends on the
amount of material deposited in
specific regions of the respiratory
tract

The size, shape, and flow
characteristics of the aerosolized
drug need to be tightly controlled
for adequate deposition

lung tissue is sensitive, and poorly
soluble drug particles at high
exposure concentrations can impair
lung clearance

Breathing abnormalities during a
seizure can impair drug deposition;
delivery device size may need to
be different in adult and pediatric
patients

A relatively slow rate of drug
absorption

The risk of improper injection

The requirement of the longer
needles

Different needle size dependent on
the body adipose tissue

Volume restriction

Risk of induration, sloughing, and
abscess

Requires training and manual
dexterity for injection

If frequently administered, may
require injection site rotation

Mucociliary clearance can remove
the drug from the nasal cavity
before the entire dose is absorbed
into the nasal mucosa

Lower bioavailability in larger
dose volumes as nasal cavity
accommodates only up to 200 pL
of the solution and excess volume
tends to drain into the nasopharynx
or out of the anterior nares

High concentration MDZ contains
solubilizers that can irritate the
mucosa and result in significant
discomfort

Nasal secretions and nasal blood
flow variability may lead to
variations in absorption rates and
bioavailability

Socially inappropriate,

Neurol Sci. Author manuscript; available in PMC 2022 October 01.

Alprazolam Staccato
System(thermal
vaporization aerosol
Device) uses normal
inhalation to heat up

a stainless steel plate

in which a thin

film of alprazolam is
coated. Sublimation and
condensation of the drug
into small particles occur
for delivery. However, as
alprazolam does not have
an indication for seizures,
one or more phase I11
clinical trials will likely
to be needed for FDA
approval.

Autoinjectors of DZP and
MDZ can be valuable to
be used by paramedics

A DZP production is
currently in preclinical
development and has
orphan drug designation.

Commercial products of
IN MDZ and DZP
recently received FDA
approval for seizure
clusters

Although rectal diazepam
is the oldest FDA—
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rectal epithelium(160— . Difficulty in administration approved product for acute

190 pum) thinner than i repetitive seizures, future

buccal epithelium(500— . Takes more extended time for use may be diminished

800 pm) positioning and removal of clothes  with the recent availability
. Relatively large . Variable absorption of other products

volumes can be . Expensive

administered compared
to IN route
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