Open Access Review
Cureus Article DOI: 10.7759/cureus.34064

The Evaluation of the Efficacy and Safety of
Midazolam Nasal Spray in Patients With Seizure
Clusters: A Systematic Review and Meta-Analysis

Review began 01/03/2023
Review ended 01/19/2023 . X ) . X ) )
Published 01/22/2023 Niraj Niraj ! , Sonia Mahajan %, Ajay Prakash ! , Phulen Sarma ! , Bikash Medhi !

© Copyright 2023
Niraj et al. This is an open access article 1. Pharmacology, Postgraduate Institute of Medical Education and Research, Chandigarh, IND 2. Pharmacology, All

distributed under the terms of the Creative India Institute of Medical Sciences, Jammu, IND
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Corresponding author: Bikash Medhi, drbikashus@yahoo.com

Abstract

Midazolam nasal spray (MDZ-NS) is a new emerging rescue medication that suppresses epileptic seizures.
Until now, few studies, pharmacokinetic (PK) and pharmacodynamic (PD) profiles, and clinical trials have
shown that midazolam nasal spray could become an effective and promising alternative to conventional
routes (intravenous {IV}/rectal). Therefore, we thought of conducting a systematic review and meta-analysis
of midazolam (MDZ) to assess its potential outcomes. The analysis was also evaluated based on the
pharmacokinetic (PK) and pharmacodynamic (PD) profiles of midazolam nasal spray.

A systematic literature search was carried out through various databases to identify studies of accounted
outcomes of midazolam nasal spray (MDZ-NS). Randomized and other studies of patients (12 years or older)
with seizure clusters (SCs) were included. A total of three full-text articles were considered for systematic
review and meta-analysis as per the inclusion and exclusion criteria. The 5 mg MDZ-NS was observed to be
equally safe as a placebo, and the risk ratio (RR) was 1.01 (95% confidence interval (CI): 0.67-1.53).

After the administration of MDZ-NS, either the patients remained seizure-free for six hours or more or the
seizure was terminated within 10 minutes and had no recurrence between 10 minutes and six hours. The risk
ratio (RR) obtained was 1.54 (95% CI: 1.25-1.91). The result was statistically significant as a higher success
rate was observed with the use of 5 mg midazolam nasal spray compared to placebo (p < 0.0001).

Heterogeneity was not observed in the results of the included studies (inconsistency index {IZ}: 0%).

The present systematic review and meta-analysis demonstrated that 5 mg midazolam nasal spray was
efficacious in treating patients with seizure clusters and is well-tolerated. Also, its use is relatively safe.

Categories: Neurology, Other
Keywords: systematic review, meta-analysis, midazolam nasal spray, seizure clusters, epilepsy

Introduction And Background

Epilepsy is a dysfunction of the brain characterized by an enduring predisposition to develop seizures [1].
The occurrence of a seizure is unpredictable and sometimes may increase the risk of trauma especially when
it is associated with other neurological disorders such as Alzheimer’s and meningitis [2]; it may become life-
threatening and further need hospitalization. According to the International League Against Epilepsy (ILAE)
(2017), there are primarily three types of seizures: 1) generalized-onset seizures, 2) focal-onset seizures, and
3) unknown-onset seizures [3]. Approximately 50 million people have epilepsy worldwide; of these, around
80% of people live in low- and middle-income countries, such as India, which has 10 million cases. This
figure reached around three million in the USA, while Europe has around six million [4]. It is predicted that
70% of cases of epilepsy can live seizure-free if they are timely diagnosed and treated appropriately.

When a seizure undergoes episodes or series of increased activity, broadly classified as seizure clusters (SCs).
Seizure clusters are defined as “acute episodes of deterioration in seizure control.” They are also called acute
repetitive seizures or flurries [5,6]. Some kind of epileptic seizure needs two or more anti-seizure
medications [7], and because of taking multiple anti-seizure medications, sometimes, seizures do not
successfully respond, and the consequence is having drug-resistant epilepsy or intractable epilepsy. Patients
with intractable epilepsy are at high risk of having seizure clusters [5-7]. Almost one-third of seizures are
drug-resistant [8]. And in case of no recovery in-between seizures, it may progress into status epilepticus,
which becomes more critical and may lead to injury or death [8]. It has been reported that the prevalence of
seizure clusters in outpatient and inpatient studies of patients having epilepsy is 13%-76% and 18%-61%,
respectively [9,10]. It has been reported that patients having a history of seizure clusters have 2.5 times more
risk for sudden unexplained death in epilepsy (SUDEP). However, seizure clusters alone may not be
responsible for SUDEP risk, and it is likely only if there is a progression to the critical SUDEP threshold [11].

Several approved and well-known anti-seizure drugs such as sodium valproate, lamotrigine, levetiracetam,
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and benzodiazepine are available as therapeutic medications and are accepted worldwide, but the
administration of these drugs is limited because in hospitals, it is typically administered by healthcare
professionals. In emergency cases, the intravenous (IV) (lorazepam and diazepam), intramuscular
(midazolam {MDZ}), or rectal (rectal diazepam) route is used, but intravenous and intramuscular routes are
painful; also, many studies suggest that the rectal route is unacceptable due to social embarrassment. Oral
(oral diazepam, clonazepam, or lorazepam) and buccal (buccal midazolam) routes are preferable outside and
inside the hospital but may prolong the onset of action because of first-pass metabolism [12,13].

However, it is widely known that many seizure-related emergencies occur outside of the healthcare settings
such as at home or in public places, so a convenient route of administration is essential, which has a rapid
onset of action, is cost-effective, and is user-friendly to caregivers or non-health professionals. So, in such
cases, the intranasal route is beneficial because it is painless, noninvasive, and easy to access [14,15]. But the
intranasal route in nasal solution form is not standardized, and local irritation may occur because of the
acidic solution (2.8-3.0 pH), and the small volume of the nasal cavity requires high doses, which leads to a
significant first-pass effect and decreased bioavailability and efficacy [16-18]. So, the development of nasal
spray formulation (midazolam nasal spray {MDZ-NS}) became a promising alternative in emergency cases as
rescue medication where other routes are not feasible. It is also observed that the metabolic compound of
midazolam nasal spray (MDZ-NS) to MDZ ratio for MDZ-NS is lower than oral MDZ, demonstrating that
intranasal administration avoids first-pass metabolism [16-18].

FDA-approved in 2019, the first nasally administered spray (MDZ-NS) for treating seizure clusters is
considered a rescue therapy in patients >12 years of age. It is proposed that MDZ-NS suppresses all types of
epileptic seizures by increasing the gamma-aminobutyric acid (GABA) levels in the brain and can be
absorbed consistently, rapidly, and extensively, which is crucial for seizure termination in seizure clusters to
avoid the progression of status epilepticus [5,6,19].

In recent years, it has been shown from clinical trial studies that midazolam nasal spray could be an effective
alternative to conventional routes (IV/rectal) in seizure cluster (SC) management. However, there is a
paucity of such evidence-based studies. Therefore, we thought of conducting a systematic review and meta-
analysis of midazolam nasal spray and published studies of the pharmacokinetic (PK) and pharmacodynamic
(PD) profiles of the candidate to assess its efficacy and safety and understand more the potential benefits of
this newer medication in clinical use in seizure cluster patients.

Review
Materials and methods

A systematic review and meta-analysis were carried out as per the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [20]. The protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO) database (CRD42021275121). Randomized patients
of seizure clusters (generalized and focal) using MDZ-NS were included in this meta-analysis. Confirmed
cases of epilepsy experiencing seizure clusters and those with ages 12 years and above were included.

Data Collections

A systematic electronic search was carried out through PubMed/Medical Literature Analysis and Retrieval
System Online (MEDLINE), Cochrane, Embase, Google Scholar, ScienceDirect, and Ovid databases to identify
studies of accounted outcomes of midazolam nasal spray (MDZ-NS) for epileptic patients, which were
available until 31 October 2022. All the full paper articles were carefully observed independently by all five
authors. The search was carried out using keywords “midazolam,” “seizure,” “adult,” and “children” with the
Boolean operator “AND” and using the Boolean operator NOT for “pregnant and children less than 12
years.” Moreover, for searching the data, post hoc filters have been applied. The Cochrane Collaboration tool
(the Newcastle-Ottawa scale) was used to assess the risk of bias. The duplicate articles were excluded, and
the remaining articles were included as per the eligibility criteria. The references to the included studies
were also cross-checked, and there was no restriction on the publication date. In addition, gray literature
was also performed in all possible studies after 31 October 2022. We assessed all the data including that of
the National Informatics Centre (NIC) related to midazolam nasal spray (MDZ-NS) for seizure

patients. Existing published data were reviewed by four authors (NN, SM, AP, and PS), and a hand search
(manual scrutinization) was performed of included literature and relevant meta-analysis for reducing the
risk of overlooking relevant literature. Any discrepancy was resolved by a unanimous approach with the fifth
author (BM). Rejected studies were logically determined.

Selection of Study

The inclusion criteria were as follows: 1) confirmed and uncontrolled seizure patients, 2) randomized
controlled trials (RCTs), 3) patients who were 12 years or older. The exclusion criteria were as follows: 1)
observational studies, review studies, preclinical studies, and news reports; 2) literature other than English;
and 3) unavailability of abstract or data.
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Extraction of Data and Quality Assessment

The extraction of data was done independently by authors in pre-designed forms. The following data were
extracted from the studies: first author, publication year, the number of patients and their mean age,
country, study design, comorbidities, midazolam nasal spray (MDZ-NS) for the management of seizure, and
concomitant medication received with corresponding mortality outcomes. Data from patients with
confirmed seizures and controlled seizures were recorded separately.

Data Synthesis

All the patients were 12 years or older and had a limited number of RCTs, so the subgroup was not
categorized as seizure patients for administering midazolam nasal spray (MDZ-NS). Meta-analysis was
performed using the ReviewManager (RevMan) 5.1 software (Cochrane, London, England) for Windows. To
account for the variability in studies, the random-effects model was used. Risk ratios (RR) were calculated for
dichotomous data. Heterogeneity was evaluated by using the inconsistency index (I2) statistic. Relative risk
was reported with a 95% confidence interval (CI), and a p-value of <0.05 was considered statistically
significant. Forest plots were made for the outcomes assessed.

Types of Outcomes Measured

The primary outcomes were as follows: 1) potential benefits of the use of midazolam nasal sprays and 2) for
a longer duration such as either the patients remained free of seizures for six hours or more or the seizure
was terminated within 10 minutes and had no recurrence between 10 minutes and six hours after drug
administration. The secondary outcomes were as follows: 1) adverse event profile due to the use of
midazolam nasal spray and 2) long- and short-term safety profile.

Results

Study Selection

The study search results are depicted in Figure /. After doing a database search, a total of 824 articles were
obtained, from which 44 duplicate articles were found, which was not considered. Titles and abstracts of 780
articles were screened, from which 774 articles were excluded and further six full-text articles had been
screened for eligibility. Of these, two articles were further excluded as one was a brief communication and
the full text of the other article was not available in the public domain. Finally, three articles were included
(as the study eligibility criteria) for systematic review and two for meta-analysis. The study design and
characteristics of the patients in clinical trials are depicted in Table 1.
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Identification of studies via databases and registers

Identification

Records identified from

databases (n = 824)

}

Records screened
(title and abstract)

(n=780)

!

Screening for full-text articles
(n=6)

Screening

!

Full articles assessed for

v

Records removed before screening:

Duplicate records removed

(n=44)

Records excluded: n= 774

Irrelevant title and abstract= 714

Review articles and absurd
data =3 + 57

Reports excluded: n=2
Abstracts =1

Full article downloads not possible = 1

eligibility (n=4)

!

Studies included in systematic
review (n = 3)

!

Included

Studies included in meta-analysis
(n=2)

FIGURE 1: PRISMA flow chart
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aware: 23
(17.16)

Primary
generalized
tonic-clonic
seizure: 8
5mg 340+ 5 129 (5.97)

MDZ-NS 11.23  (3.7) (96.3)
Tonic

seizure: 8
(5.97)

Absence
seizure: 7
(5.22)

Others: 7
(5.22)

Myoclonic
seizure: 3
(2.23)

Atonic
o Phase lll, double-blind, randomized, placebo- . i
Detyniecki . seizure: 2
controlled trial; two phases (open-label test
etal, NCT01390220 X (1.49)
dose phase {TDP} and double-blind
2019 [21] )
comparative phase) Focal
impaired
awareness:

33 (49.25)

Focal to
bilateral: 20
(29.85)

Focal
aware: 17
(25.37)

Primary
generalized
tonic-clonic

seizure: 7
Placebo 67 S 62 0 (10.44)
12.83 (7.5) (92.5)
Tonic
seizure: 3

(4.47)

Absence

seizure: 0

(0)
Others: 0 (0)

Myoclonic
seizure: 3
(4.47)

Atonic
seizure: 0

©)

Simple
partial
seizure: 13
(41.93)

Complex
partial
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Phase lll, double-blind, randomized, placebo-

Spencer . X
controlled trial; three phases (screening phase
etal, NCT01999777 )
< 28 days, treatment phase < 6 hours, and exit
2020 [22]

assessment < 48 hours)
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(3.22)

TABLE 1: Study design and patient characteristics included in the meta-analysis

MDZ-NS, midazolam nasal spray; ITT, intention to treat; SD, standard deviation

3Patients may have been observed with >1 seizure type

Methodological Quality

The graph of the risk of bias assessment is shown in Figure 2. Some bias was observed in the randomization
method used in one clinical trial. Also, there was some concern of bias in outcome assessment in one trial as
information regarding blinding of the assessors was lacking.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

% 25% 50% 75%  100%

0

Il Hich risk of bias

[ Low risk of bias [Junclear risk of bias

FIGURE 2: Risk of bias graph

Efficacy

The primary outcome assessed in the present meta-analysis showed that there was a potential benefit of
using 5 mg midazolam nasal spray (MDZ-NS); i.e., either the proportion of patients who responded remained
seizure-free for six hours after treatment or seizure was terminated within 10 minutes, and no recurrence
had been seen between 10 minutes and six hours after the treatment. The risk ratio (RR) obtained was 1.54
(95% CI: 1.25-1.91) (Figure 53). The overall result was statistically significant as a higher success rate had
been observed with the use of 5 mg midazolam nasal spray (MDZ-NS) compared to placebo (p < 0.0001). No

heterogeneity was detected in the results of the included studies (I2: 0%).

MDZ-NS Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Detyniecki 2019 [21] 108 201 69 201 849% 1.57[1.24,1.97]
Spencer 2020 [22] 17 N 12 N 151% 1.42[0.82, 2.45] i R
Total (95% CI) 232 232 100.0% 1.54[1.25,1.91] *
Total events 125 81
Heterageneity: Tau®= 0.00; Chi*=0.11, df=1 (P = 0.74); F= 0% b o e 700
Testfor overall effect: Z= 4.00 (P < 0.0001) ' Favours MDZ-NS Favours Placebo

FIGURE 3: Risk ratios for treatment success with 5 mg midazolam nasal
spray versus placebo

MDZ-NS, midazolam nasal spray; Cl, confidence interval; R, inconsistency index; df, degrees of freedom

Also, in an open-label extension trial study by Wheless et al. (2019) (conducted between August 2012 and
April 2017 in Australia, Canada, Germany, Hungary, Israel, Poland, Spain, Ukraine, and the USA; clinical
trial registration number: NCT01529034; the median time spent by the patients being 16.8 months), 175
patients were enrolled for a total of 1998 SC episodes. Treatment success rates were met, and it was 55%
(1108/1998) after a single dose of 5 mg MDZ-NS and 80.2% (617/769) after treatment of the second dose of 5
mg MDZ-NS. Treatment success was reproducible, and the overall treatment success was 86.3% (1725/1998)
of treated episodes when one or two doses of 5 mg MDZ-NS were received by patients [23].
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Safety

The 5 mg midazolam nasal spray was observed to be equally safe as a placebo (risk ratio: 1.01 {95% CI: 0.67-
1.53}; p = 0.95) (Figure 4). No heterogeneity had been observed among the results of the included trials. The
risk ratio for nasal discomfort observed with the use of midazolam nasal spray versus placebo was 0.89 (95%
CI: 0.35-2-24), and the difference that had been observed was not statistically significant (p = 0.81) (Figure
5). A risk ratio of 3.17 (95% CI: 0.59-16.89) was obtained for somnolence with midazolam nasal spray versus
that with the use of placebo; however, the finding was not relevant statistically (p = 0.18) (Figure 6). The
adverse event profile is given in Table 2.

MDZ-NS Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Detyniecki 2019 [21] 24 91 6 26 354%  1.14[0.52,2.50]
Spencer 2020 [22] 16 31 17 31 B64.6% 0.94 [0.59, 1.50]
Total (95% CI) 122 57 100.0%  1.01[0.67,1.53]
Total events 40 23
Heterogeneity: Chi*=0.18,df=1 (P = 0.67), F=0% + + t t +
0.02 0.1 1 10 a0
Testfor overall effect Z= 0.06 (P = 0.95) Favours MDZ-NS Favours Placebo

FIGURE 4: Risk ratios for treatment-emergent adverse events with 5 mg
midazolam nasal spray versus placebo

MDZ-NS, midazolam nasal spray; Cl, confidence interval; B, inconsistency index; df, degrees of freedom

MDZ-NS Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Detyniecki 2019 [21] 5 91 2 26 34.0% 0.7110.15,3.47)
Spencer 2020 [22) 5 3 5 31 66.0% 1.00[0.32,3.11)
Total (95% CI) 122 57 100.0% 0.89 [0.35, 2.24]
Tolal events 10 7

i 3 - Chi?= 2 =z R= I + T ) |
e oo - EETle I R N

S e Favours MDZ-NS Favours Placebo

FIGURE 5: Risk ratios for nasal discomfort with 5 mg midazolam nasal
spray versus placebo

MDZ-NS, midazolam nasal spray; Cl, confidence interval; B, inconsistency index; df, degrees of freedom

MDZ-NS Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Detyniecki 2019 [21] 9 9 1 26 63.8% 2.57(0.34,19.37] —

Spencer 2020 [22] 2 A 0 31 312% 5.00(0.25,100.08] —_—

Total (95% CI) 122 57 100.0% 3.17 [0.59, 16.89] =

Total events 1" 1

Heterogeneity: Tau*= 0.00; ChF=0.13,df=1 (P=0.72); F= 0% k + + |
0.001 0.1 10 1000

Test for overall effect: Z=1.35 (P = 0.18) Favours MDZ-NS Favours Placebo

FIGURE 6: Risk ratios for somnolence with 5 mg midazolam nasal spray
versus placebo

MDZ-NS, midazolam nasal spray; Cl, confidence interval; 2, inconsistency index; df, degrees of freedom
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Clinical trial S I TEAE SAE
Study fnical tria .amp € Drug Control Adverse effects
number size (%) (%)

Nasal discomfort and somnolence were common, but most

Detyniecki 5mg were mild intensity. Only two patients were considered clinically

Placebo-
etal., NCT01390220 292 MDz- controlled meaningful respiratory depression (one patient had thisdueto 514 4.8
2019 [21] NS underlying diseases, and the other one had a history of sleep
apnea)
Nasal discomfort, nausea and throat irritation, and somnolence
Spencer 5mg

Placebo-  were the most common. All were mild cases. Out of the total
etal, NCT01999777 62 MDZ- ) C ) 516 3.2
controlled MDZ-NS group, one patient (3.6%) reported suicidal intention,

2020 [22] NS ; L
which was nonspecific
Nasal discomfort and somnolence were the most common but
Wheless 5mg . . )
mild to moderate symptoms. Only four patients had serious
etal, NCT01529034 175 MDZ- . . ) . 57.1 11.2
TEAE convulsion, SAE, dysesthesia, or upper gastrointestinal
2019 [23] NS

hemorrhage (all were unlikely and not treatment-related effects)

TABLE 2: Adverse event profile of midazolam nasal spray

MDZ-NS, midazolam nasal spray; TEAE, treatment-emergent adverse event; SAE, serious adverse events

Discussion

Randomized controlled trials comparing the midazolam nasal spray with a placebo (consisting of the same
inactive ingredients of MDZ-NS) have been conducted, and only two RCTs (Detyniecki et al. [21] and
Spencer et al. [22]) are available yet present. It is a new emerging drug for SCs and has been recently
approved only in the USA as a rescue medication. To the best of the authors’ knowledge, the current study is
the only systemic review and meta-analysis that is assessing the safety and efficacy of midazolam nasal
spray in epileptic patients who are >12 years of age. Data are unavailable regarding safety and efficacy in
children <12 years [21,22].

The results of this meta-analysis suggested that 5 mg midazolam nasal spray showed good efficacy over a
placebo. As Spencer et al.’s study suggested, the patients get two seizures within six hours, and if left
untreated, then approximately 65% of untreated patients get another seizure in the subsequent six hours
[22]. Similar studies of other anti-epileptic drugs (AEDs) have been published where the seizure occurrence
rate was 50%-76% in placebo-treated patients, but after midazolam nasal spray administration, there was a
relative reduction of >35 percentage points [22]. Also, an open-label extension study of this present systemic
review [23] revealed that the overall treatment success was 86.3% of treated episodes (1725/1998) after
patients received single or double doses of 5 mg MDZ-NS.

In both, the RCTSs’ treatment success consisted of two components: First is the seizure termination, and
second, there was no seizure remission for up to six hours. Presently, we could not find the categorized
percentage of effectiveness of MDZ-NS in different kinds of seizures, but studies by Vossler [24] and Brigo et
al. [25] suggested that midazolam is effective in all kinds of seizures [24,25]. Also, the time to the first
seizure following treatment is longer with midazolam nasal spray than with a placebo. More than 50% of
patients respond to the first dose of midazolam and do not experience another seizure within 24 hours after
the first [21,22].

The study shows that midazolam nasal spray (formulation) is relatively safe and well-tolerated. No serious
adverse events have been reported among all candidate profiles. Nasal discomfort and somnolence
conditions were commonly affected, but most of the time, they were of mild intensity (Table 2). Moreover, in
the present study, the midazolam nasal spray was observed to be equally safe as a placebo in terms of the
associated treatment-emergent adverse events (TEAESs). In it, a numerically lower risk of nasal discomfort
was found with MDZ-NS compared to that of placebo. However, this was not statistically significant. Also,
this study found the risk of somnolence to be numerically more with MDZ-NS than with a placebo.

Critical Evaluation Based on RCTs and Open-Label Studies

Indeed, the RCTs had been designed according to patient safety criteria: the patient who had participated
had an established diagnosis of focal or generalized seizure or had a history of SCs and was only entitled to
enrollment if their caregiver was able to take responsibility and trained to administer treatment, as well as
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recognize clusters. Each patient’s pattern was either evaluated and distinguished by an investigator as an
individualized patient management plan (PMP) (members of the Epilepsy Study Consortium examined all
PMP participants and approved trial participants as the protocol) or evaluated as seizure characterization in
epilepsy monitoring unit (EMU) or preoperatively evaluated (such as admission had been planned within 28
days). Upon EMU admission, patients entered pre-treatment observation and were continuously observed
until treatment protocols were met [21,2.2].

However, the authors revealed from Detyniecki et al’s study that efficacy outcomes were decided primarily
from the caregiver’s response such as seizure-related information, trial drug administration, or the safety
data record, but it is important to note that caregivers were a non-healthcare professional and they were
trained for the trial purpose only, and the trained staff had been contacted only in case of emergency. Also, a
double-blind trial was followed by open-label 5 mg MDZ-NS when the cluster did not terminate seizure
within 10 minutes or another seizure occurred up to six hours after the initial drug administration. Also, an
open-label extension trial study (Wheless et al. [23]) proved the meaningful effect of 5 mg MDZ-NS, but the
major drawback of the study was that there was a lack of a control group. Moreover, Spencer et al.’s study
also observed that the treatment difference between MDZ-NS and placebo was significant and clinically
meaningful; this study also had certain flaws such as the population enrolled in the EMU setting differed
from the population for which MDZ-NS was approved. Even increased seizure activity in an EMU setting may
be different from naturally occurring seizure clusters (such as withdrawal of AEDs and sleep insomnia), Also,
the EMU setting has provided a unique environment that may differ from the natural environment
(regarding the safety of the patient) and was continuously monitored by professional healthcare staff.

Analysis Based on PK and PD Profile of Midazolam Nasal Spray

The 5 mg midazolam nasal spray (MDZ-NS) single-dose formulation has been developed as a ready-to-use
treatment option in inpatient and outpatient settings. It delivers the therapeutic dose in a small volume (0.1
mL) in the pH range of 5.0-9.0. [23], so the untoward effect of nasal irritation is minimum. A few hundred
microliters of the drug are delivered intranasally due to the limited drug (150-250 pL)-holding capacity of
each nostril [26]. Therefore, an atomizer is required to achieve effective drug absorption [13]. Because of the
desired potential effect and limited dose of drug delivery in the nostril, 5 mg midazolam nasal spray is
recommended. The midazolam nasal spray is given as a single spray (5 mg per dose) in one nostril, which is
clinically meaningful in patients having epilepsy. If patients did not respond to the first 5 mg of MDZ-NS,
then it was given a second dose of 5 mg in the opposite nostril after a gap of 10 minutes, but not more than
10 mg should be advised to treat a single episode.

Pharmacokinetic (PK) and pharmacodynamic (PD) data suggested that up to 20 mg of MDZ-NS is safe and
well-tolerated in humans [18,26,27]. The maximum concentration (Cmax) and area under the curve (AUC)
have been increased proportionally with the dose of MDZ-NS up to 15 mg, but after that, its relative
bioavailability is reduced, and almost constant in plasma exposure has been observed.

In UCB Pharma data, pop PK model [18], the PK of MDZ-NS in the phase I trial study was conducted in
healthy participants and patients (adult and pediatric) with epilepsy, and the peak plasma drug maximum
concentration (Cmax) and area under the plasma concentration-time curve (AUCO-) increased
proportionally with dose up to 5 mg and were higher in healthy older patients (>65 years) than

younger patients (18-40 years), but the time to reach peak plasma concentration (Tmax) was almost similar
in both age groups.

The study also demonstrated that the time to maximum concentration (Tmax) in adult healthy individuals
irrespective of their age is 14.5-17.3 minutes up to 5 mg and, in an adult with epilepsy, it was 9-21.5 minutes
up to 10-20 mg of MDZ-NS, whereas elimination half-life (T1/2) was 3.7-4.7 hour shorter than the healthy
individuals (6-8 hours) [18,28]; it could be enzyme-inducing AEDs in patients with epilepsy.

The PK up to 5 mg MDZ-NS in pediatric patients (2-13 years) with epilepsy was assigned by body weight. The
Tmax was 15 minutes for all cohorts, and AUCO-« was 75.2 ng.hour/mL, but it was lower in <5 mg of MDZ-
NS [18]. In an analysis of UCB Pharma (2019), The Cmax and AUCO-« in 5 mg MDZ-NS to healthy individuals
were found to be 54.7 + 30.4 ng/mL and 126.2 * 59 ng.hour/mL, respectively, and the median Tmax was 17.3
minutes (7.8-28.2 minutes) [26].

MDZ-NS reaches in the cerebral cortex within 2-5 minutes, which is significantly important in SC cases. The
mean absolute bioavailability of 5 mg MDZ-NS is 44%. In adult and pediatric patients, it can be bound with
97% plasma protein and has a volume of distribution of 226.5 L. And MDZ-NS has a median elimination
half-life ranging from 2.1 to 6.2 hours (it varies with the age but is independent of dose) [27,28].

Pharmacokinetic effects due to intrinsic factors (age, sex, race, and body weight) and extrinsic factors (such
as CYP3A inducers) are not clinically significant factors for MDZ-NS dosing <20 mg, but a US products label
suggested avoiding coadministration with moderate or strong CYP3A4 inhibitors [27].

In adults, healthy individuals, and patients with epilepsy irrespective of their age, PD effects (sedation and
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psychomotor impairment) of 5 mg MDZ-NS are not significantly different and suggest that shorter T1/2 may
not be clinically relevant. The peak effect on sedation of 5 mg MDZ-NS was within 15-20 minutes, after a
single- or double-dose administration, and only returned to near baseline levels after 4 hours, whereas the
peak effect on psychomotor impairment in healthy adults and adults with epilepsy was 17 minutes to two
hours post-dose and returns to the baseline within 240 minutes. It was significantly greater in 5 mg than in
2.5 mg, but no significant difference was observed between 15 and 20 mg MDZ-NS [18,28]. Midazolam is
regulated under Schedule 4 of the Controlled Substances Act. It may consider abuse potential because of the
benzodiazepine class. Given the short-term use of the midazolam nasal spray, the abuse liability is relatively
very low, and the development of tolerance was not observed [18]. As per PK and PD data analysis,
midazolam nasal spray (MDZ-NS) is not suggested to be used as regular medicine for a longer duration, so
the probability of similar adverse events such as the risk of suicidal thoughts and the development of the
deterioration of depressive symptoms as in the other classes of benzodiazepine drugs is rare, and there is no
evidence for them to occur [18,26].

Overall, in this current study, the observed treatment seems meaningful and clinically significant and will
make it easier for seizure patients and potentially accessible in case of emergency. However, the total
sample of the study is very small; if more data will be available in the future, it can be analyzed more
coherently, but the analysis of PK and PD and previous studies (Scheepers et al. [17], Wheless [18], and Bouw
et al. [27]) emphasizes the effectiveness of the treatment agent. However, midazolam nasal spray has some
contraindications (such as acute narrow-angle glaucoma, hypersensitivity to midazolam, and the patient
who is taking opioid medication), so its use should be administered cautiously. There may be discomfort in
using it in patients who are suffering from conditions such as obstruction in nasal passages such as nasal
polyps, septal defects, allergic rhinitis, or nasal trauma [29,30]. So, the physicians who prescribed the
midazolam nasal spray should look if the patients have any contraindication or contraindication not related
to midazolam.

Limitations

Although the randomized, double-blind, placebo-controlled trial of Detyniecki et al.’s study is considered
more important because it contributed to a greater number of patients (N = 292) than the other
RCT (Spencer et al.’s study, N = 62), the overall sample size is small.

RCTs comparing MDZ-NS with other standard anti-seizure drugs were not found as adequately powered, and
blinded comparative trials between them would be complicated; it could be due to different routes of
administration. Recently, the meta-analysis by Chhabra et al. (2021) [30] is published, which compared
intranasal midazolam nasal solution to intravenous/rectal benzodiazepines (where intranasal midazolam
was used as nasal drop formulation). The authors also intended to perform subgroup analysis depending on
the dose and the duration of the studies. However, it could not be performed due to a lack of data.

Conclusions

The result of the present systematic review and meta-analysis and the analysis based on the evidence of PK
and PD profiles of MDZ-NS (such as rapid Tmax, consistent absorption, rapid distribution to the CNS, peak
sedative effect, psychomotor impairment, return to baseline function, the lack of first-pass metabolism, and
minimum potential drug-drug interaction) demonstrated that it is safe, well-accepted, and well-tolerated,
and no potentially serious adverse effects have been reported. Therefore, it is expected that midazolam
nasal spray is an effective alternative to currently established drugs as a rescue medication for seizure
clusters, which may fulfill the unmet need of the current clinical epileptic regimen.
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