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Abstract

Objectives: Status epilepticus (SE) is a prolonged epileptic seizure carrying sig-
nificant risk of long-term disability and death. Rescue therapies are prescribed
for prehospital administration to terminate SE. This study compared prescribing
practices of rescue therapies of midazolam in the UK and Norway.

Methods: A cross-sectional, online, 21-item Likert-style survey was administered
to epilepsy professionals in the UK circulated via ILAE/ESNA and in Norway via
ILAE/Epilepsinet using a non-discriminatory exponential snowballing technique
leading to non-probability sampling. Data were collected anonymously and ana-
lyzed using descriptive statistics, Mann-Whitney, Chi-square, and Fisher's exact
tests. Significance was accepted at p <0.05.

Results: All 86 UK and 53 Norway respondents identified buccal midazolam as the
first-line rescue medication choice in the community for prolonged and/or general-
ized tonic-clonic seizures. Norwegian respondents had significantly more experi-
ence in epilepsy-related work (p =0.002), were more likely to have a larger caseload
on buccal midazolam (p <0.001), prescribed higher midazolam doses (p <0.001),
and provided training yearly (p <0.001). UK respondents were more likely to del-
egate rescue medication prescribing to primary care (p =0.006) and reviewed emer-
gency management plans more frequently (p =0.006). There was an inter-country
difference in the period of midazolam non-use that respondents required before
withdrawing from treatment plans (p <0.001). Concern about inappropriate use of
buccal midazolam was similarly high in both countries.

Significance: This study compared epilepsy professionals in two neighboring
high-income countries. Findings suggest an urgent need for international guide-
lines to recommend best practices on prescribing doses and withdrawal of buccal
midazolam. The potential abuse of buccal midazolam by patients and carers war-
rants further investigation.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

With an estimated age-standardized prevalence of
658/100000 people worldwide, epilepsy is one of the most
prevalent neurological conditions globally and has among
the most significant disease burdens, as quantified by
global disability-adjusted life years."*

People with epilepsy have a two to three times higher
risk of premature death than the general population.’®
Approximately 10% of epilepsy-related deaths are due to
status epilepticus (SE), an epileptic seizure of extended
duration.® This varies by seizure type but is 5min and
over for tonic—clonic seizures.* If SE persists to a second
time point (e.g., 30min for a tonic—clonic seizure), the
seizure may cause irreparable neuronal injury, neuronal
death, and fatal functional impairments.4 In addition,
there is developing evidence of SE being associated with
the other major cause of death in people with epilepsy,
that is, Sudden Unexpected Death in Epilepsy.” All people
with epilepsy are at risk of prolonged seizures, SE, and its
consequences.

Emergency pharmacological treatments, also called
rescue therapies, can be administered to disrupt seizures
and avoid the progression of SE.® These are lifesaving
medications that can be prescribed for emergency use
outside of hospital environments by suitably trained
people as part of a personalized emergency manage-
ment plan.

Buccal midazolam is the best evidenced rescue ther-
apy for tonic—clonic seizures, both in its effectiveness and
straightforward, dignified administration compared to
other routes including rectal.® In high-income countries
(HICs), particularly in Western Europe, midazolam has
been widely adopted. Midazolam is given as an oromu-
cosal solution, 2.5, 5, 7.5 or 10mg in a prefilled syringe
from 0.5 to 2mL, where 10 mg is the most commonly used
dose in adults.” The given indication is prolonged, acute,

Plain Language Summary: This study investigated doctors’ and nurses’ views
on the use of epilepsy rescue therapies, particularly midazolam. These are medi-
cations that can stop dangerously long epileptic seizures from progressing to the
point of serious injury or death. The study was carried out in both the UK and
Norway to establish differences between the countries. The key findings were that
Norwegian doctors prescribed rescue medications at a higher dose, that UK clini-
cians reviewed and deprescribed medications faster after patients stopped having
prolonged seizures, and that clinicians in both countries were concerned about
medications being misused or abused by patients and carers.

benzodiazepine, epilepsy mortality, epilepsy risk, prolonged seizures, rescue therapy

Key points

« People with epilepsy are at risk of status epilep-
ticus (SE), a prolonged seizure that can lead to
serious neuronal damage and be fatal.

+ SE is treated with therapies including buccal mi-
dazolam, which is the international gold stand-
ard, but inter-country differences in its use exist.

« Norwegian respondents prescribed buccal mi-
dazolam at higher doses and amidst a greater
range of comorbidities than UK respondents.

+ UK respondents reviewed emergency man-
agement plans more frequently and withdrew
midazolam more quickly than Norwegian
respondents.

« Both countries' respondents were highly con-
cerned about the inappropriate use/abuse of mi-
dazolam, which requires further investigation.

convulsive seizures from 3 months of age onwards.”'® The
absorption is rapid and the bioavailability is about 75% in
adults and up to 87% in children, and the initial half-life
is about 30 min, allowing a rapid onset and termination of
the effect.’

In the UK, the National Institute of Health and Care
Excellence (NICE) provides guidelines on rescue therapy
indications and prescribing, while the Epilepsy Specialist
Nurses Association (ESNA), Royal College of Psychiatrists,
and International League Against Epilepsy (ILAE) have
co-produced guidelines on rescue therapy administration
and administrator training.*'® These standards are consid-
ered best practice globally, particularly in HICs. However,
internationally, there are major gaps in evidence and
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clinical guidelines concerning first-line rescue therapies
for different seizure types, maximum buccal midazolam
dosage, cautions and contraindications, abuse potential,
and how and when to withdraw buccal midazolam from
a treatment plan.'!

1.1 | Comparing rescue therapy
guidance between two neighboring HICs,
that is, UK and Norway

UK and Norway, though having differences in population
and health systems, are comparable across diverse socio-
demographic and health delivery outcomes." In the United
Kingdom (UK) (population: 67.3 million), there are 1200
epilepsy-related deaths a year, while in Norway (population:
5.4 million), it is estimated there are around 130 epilepsy-
related deaths each year.*'* Recent studies of comparison
between the two countries have shown similarities and dif-
ferences in other areas of epilepsy risk management.

The first-line prehospital rescue therapy in the UK is
10mg of buccal midazolam, with a further 10mg dose
5-10min later, if SE persists.® Individuals requiring rescue
therapies have emergency seizure management plans for-
mulated by specialist nurses or doctors, with either type
of clinician prescribing rescue therapies for prehospital
use.>!® These plans should be available in schools and
working environments.

In Norway, national guidelines recommend the use
of benzodiazepines, either buccal, IM, or IV midazolam
(10 mg) or diazepam (0.25 mg/kg) either IV or rectal, as a
prehospital rescue therapy. Buccal midazolam is recom-
mended for people with known epilepsy as first-line phar-
macological rescue therapies in the prehospital setting.'®
Usually, treating physicians prescribe a rescue medicine
to patients considered at risk for SE. Epilepsy nurses fol-
low up with people with epilepsy in an outpatient setting,
but they cannot prescribe any rescue medications.

The REMIT (Rescue Epilepsy Medication and
Training) survey was administered firstly to UK and
secondly to Norway-based epilepsy professionals. This
was done to understand and compare the reported pre-
scribing and clinical practices strategies of the UK and
Norway.

2 | METHODS

Due to slight variation in content and administration, the
methodology of each country's survey is reported sepa-
rately, in accordance with the Checklist for Reporting
Results of Internet E-Surveys (CHERRIES) checklists
(Tables S1 and S2). In the UK, the survey was open

between 13/10/2023 and 29/12/2023. In Norway, the sur-
vey was open between 01/06/2024 and 05/09/2024.

2.1 | Development

The survey was developed iteratively, using informal
interviews of epilepsy specialists and key documents
pertaining to UK-based rescue therapy regulation.” The
initials of collaborators are given in parentheses. A pre-
liminary draft was adjusted across five review cycles. It
was then hosted online and completed by the Epilepsy
Specialist Nurses Association (ESNA) executives to evalu-
ate usability and content before finalization in September
2023. The UK survey tool was translated to Norwegian by
two experienced Norwegian epileptologists. A copy of the
survey can be found in Data S1.

2.2 | Distribution,
administration, design

In the UK, the survey was disseminated using an
exponential, non-discriminative snowball methodology,
with recipients encouraged to share it further in order to
capture a non-probability sample. It was distributed via
newsletter emails to ESNA and British ILAE members.

In Norway, the survey was distributed through collab-
oration with key stakeholder organizations, including the
Norwegian chapter of the ILAE, the national network for
epilepsy nurses, and the national interdisciplinary epi-
lepsy network (Epilepsinet). The survey was distributed as
an electronic form (Questback), and data were collected
anonymously.

2.3 | Ethics and governance

In the UK, the survey was reviewed by professional bod-
ies (ESNA and ILAE) before being administered to an
exclusively to their members who are a professional
audience. Informed consent was gained on the survey's
introductory page. In Norway, the survey was reviewed
by the Regional Ethics Committee and the local body
for evaluation of privacy. Both entities approved the
study with reference numbers 723044 and 24/01100,
respectively.

2.4 | Statistical analysis

Analysis used the Stata software package (version
15.1). The analysis compared questionnaire responses
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TABLE 1 Characteristics of study respondents of the UK and Norway.
UK Norway
Variable Category N Number (%) N Number (%) p-Value
Job category Physician 86 21 (24%) 53 30 (57%) <0.001
Nurse 64 (74%) 21 (40%)
Other 1(1%) 2 (4%)
Experience in epilepsy role 0-3years 86 16 (19%) 53 1(2%) 0.002
3-5years 17 (20%) 7 (13%)
5-10years 11 (13%) 7 (13%)
10+ years 42 (49%) 38 (72%)
Epilepsy-specific work <25% 86 7 (8%) 53 8 (15%) 0.53
25%-50% 15 (17%) 6 (11%)
50%-75% 11 (13%) 9 (17%)
>75% 53 (62%) 30 (57%)
Note: Bold values significance taken at p <0.05.
TABLE 2 Training in epilepsy risk and prescribing rescue therapies for community UK versus Norway (all respondents).
UK Norway
Variable Category N Number (%) N Number (%) p-Value
Provide training in epilepsy No 86 15(17%) 52 9(17%) 0.98
Yes 71 (83%) 43 (83%)
Mode of training delivery® F-t-f+ Virtual 71 30 (42%) 43 20 (47%) 0.66
Face-to-face 41 (58%) 23 (53%)
Frequency of training® >Annually 67 14 (21%) 42 27 (64%) <0.001
Annually 21 (31%) 6 (14%)
Every 2years 15 (22%) 0 (0%)
<2years 4(6%) 5(12%)
As required 13 (19%) 4(10%)
Prescribe rescue therapy No 70 40 (57%) 53 24 (45%) 0.19
Yes 30 (43%) 29 (55%)
Request GP to prescribeb No 30 4(13%) 28 13 (46%) 0.006
Yes 26 (87%) 15 (54%)
Note: Bold values significance taken at p <0.05.
Figures for respondents providing training only.
PFigures for those who prescribe rescue therapy only.
between UK and Norwegian respondents. Categorical 3 | RESULTS
variables with no ordering to the categories were com-
pared between groups using the Chi-square test or 3.1 | Demographics

Fisher's exact test. Categorical variables where there
was a natural ordering to the categories were com-
pared between staff groups using the Mann-Whitney
test. Only like-for-like survey items were included in
the comparative analysis. The level of significance was
set at p <0.05.

Table 1 summarizes the key characteristics of the study re-
spondents from the two countries. More specific details on
participant demographics can be found in Tables S3 and
S4. In total, there were 86 respondents from the UK and 53
from Norway. Just over a half (57%; n=30) of Norwegian
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FIGURE 1 Buccal midazolam items, UK vs Norway (all respondents).
respondents were physicians, as compared to about a 3.3 | Use of emergency

quarter (24%; n=21) of UK respondents (p <0.001). The
remaining respondents in both countries were epilepsy
nurses.

3.2 | Training families and carers
in epilepsy risk and administration of
rescue therapy medication

There were no significant inter-country differences in
the proportion of respondents who provided epilepsy-
related training or in the method of training deliv-
ery to family members and care providers of people
with epilepsy on risk and use of rescue therapies
(Table 2). However, almost two-thirds of Norwegian
respondents (64%; n=27) provided training more than
once a year compared to only 21% (n=14) of UK re-
spondents (p<0.001). UK respondents were more
likely to delegate rescue medication prescribing from
specialist to primary care than Norwegian respondents
(p=0.006).

management plans

Table S5 provides details of the initiation and review of
emergency management plans UK versus Norway for all
respondents. There were no inter-country differences in
the reasons for implementing an emergency management
plan. Notably, respondents indicated that emergency
management plans were reviewed more frequently in the
UK, with 87% of respondents indicating that they would
review the plan annually or more frequently, compared to
Norway (55%) (p =0.006).

3.4 | Prescribing of buccal midazolam
for community use

Figure 1 shows the comparison between UK and
Norway respondents across all buccal midazolam items.
The maximum dose reportedly prescribed by respond-
ents was significantly higher in Norway (p <0.001).
Approximately a third of respondents (30%, n=12)
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indicated that they would give >30mg buccal mida-
zolam within 24 h, and none would prescribe less than
20mg/24h. In the UK, only 7% (n=6) of respondents
would prescribe more than 30mg in 24h, and 33%
(n=26) would prescribe a maximum of 10 mg in 24 h.

There was a significant inter-country difference in
the period of buccal midazolam non-use that respon-
dents required before withdrawing buccal midazolam
from treatment plans (p <0.001). In the UK, 69% (n=49)
of respondents indicated that they would withdraw buc-
cal midazolam after up to 2years of non-use, compared
to only 21% (n=9) of Norwegian respondents. Most
Norwegian respondents (79%, n=33) indicated that they
required a period of non-use of >3years, with just under
a third (29%, n=12) of respondents reporting that they
would never withdraw buccal midazolam from an emer-
gency plan, regardless of the period of non-use.

Concern about inappropriate use of buccal midazolam
was similarly high in both countries and expressed by 72%
(n=58) and 78% (n=39) of UK and Norwegian respon-
dents, respectively.

Figure S1 compares UK and Norway physicians with
regard to their buccal midazolam items. Although the
sample was small, significant differences emerged. Just
over a quarter of UK physicians (26%, n=5) prescribed
a maximum dose of 10mg buccal midazolam/24h, com-
pared to 0 Norwegian physicians, while only 1 UK physi-
cian prescribed >40 mg buccal midazolam/24 h, compared
to seven (14%) of Norwegian physicians (p=0.008). The
majority of the physicians in the UK (63%, n=12) and
Norway (70%, n=21) chose 20mg/24h as their custom
prescribing dose.

Significant differences in time to withdrawal after
non-use of buccal midazolam were seen between UK
and Norway physicians (p =0.009) with 50% (n=7) of
UK physicians customarily withdrawing midazolam in
two or fewer years of use compared to 17% (n=>5) from
Norway.

3.5 | Prescribing in specific scenarios
Figure 2 shows the distribution of responses between UK-
and Norway-based respondents in relation to prescribing
in specific scenarios, and Figure S2 shows the responses
among physician respondents only.

Respondents from both countries were overall un-
likely (i.e., >50% respondents of each country) to pre-
scribe buccal midazolam for people with a history of
alcohol-related seizures (UK 54%, Norway 55%), adverse
reactions to buccal midazolam (UK 79%, Norway 73%),
history of respiratory compromise (UK 66%, Norway
52%), risk of drug abuse (UK 63%, Norway 57%), or

where there was a lack of confidence in the patient's
administrator (e.g., family member) (UK 62%, Norway
79%).

There were no inter-country differences in attitudes for
prescribing buccal midazolam to people with epilepsy (or
their carers) with known compliance concerns. In the UK
group, 44% and in the Norway cohort, 47% felt they were
unlikely to prescribe.

Significant inter-country differences between respon-
dents emerged from almost all items inquiring about the
likelihood of prescribing buccal midazolam for patients
with different comorbidities or other contextual factors.
Norwegian respondents were significantly more likely to
prescribe buccal midazolam for patients with a history of
neurological comorbidities (p=0.02), pregnant women
(p=0.008), cardiovascular comorbidities (p<0.001), Type
1 diabetes mellitus (p<0.001), patients prone to falls
(p<0.001), and those with a lack of carer support (p <0.001).

When comparing physicians alone (Figure S2) on
prescribing to different comorbidities, the only signifi-
cant inter-country difference was Norwegian physicians
being more likely (p =0.04) than their UK peers to pre-
scribe buccal midazolam for patients with a lack of carer
support.

4 | DISCUSSION

4.1 | Demographic differences

Epilepsy healthcare services in Norway and the
UK are structured differently, and this is reflected
in respondents’ clinical backgrounds. There were
proportionately far more physician respondents in
Norway than the UK, and far more epilepsy specialist
nurses in the UK than in Norway. This makes the two
subgroups heterogeneous with respect to professional
background, but representative of the relative influence
of each clinician group on each country's epilepsy
services.®

4.2 | Use of buccal midazolam and
emergency plans

Midazolam, while appropriate to use in the community,
also has significant potential for benzodiazepine habitu-
ation, dependence, and abuse.!” ' A cross-sectional
analysis conducted by the National Survey on Drug Use
and Health adult data showed that the misuse of ben-
zodiazepines accounted for 17.2% of the overall use of
benzodiazepines.20 In our study, UK and Norwegian
clinicians both shared a high level of concern about the
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FIGURE 2 Likelihood of prescribing buccal midazolam in different scenario, UK vs Norway (all respondents).
abuse and misuse of buccal midazolam. Previous re-  However, there has generally been very limited inquiry

search qualitatively analyzed UK clinicians’' concerns into this issue, particularly around safety standards to
and highlighted buccal midazolam's abuse potential.?!  prevent misuse.
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Norwegian clinicians preferred a far longer period of
non-use of buccal midazolam before deprescribing it, and
this difference persisted in a physician-only comparison
between Norway and the UK. This could be accounted
for by the aforementioned high proportion of neurolo-
gists among Norwegian respondents, who likely manage
patients at a higher risk of seizure recurrence or with
complex issues including nonadherence to antiseizure
medication.?® In the UK, epilepsy specialist nurses would
oversee those who have complex but stable epilepsy, pos-
sibly giving more opportunity to deprescribe medication
sooner.

Overall, emergency plans were reviewed more fre-
quently in the UK than in Norway, which could also could
drive the earlier deprescribing in the UK. Another fac-
tor is the contrasting geography of the UK and Norway.
Norwegian physicians’ practice is influenced by the need
to accommodate rurally located patients, who may require
helicopter and ambulance boats to reach the hospital,
with associated long wait times and the need for caution
even in low-risk scenarios, which is also seen in other con-
ditions.”** Tt is recognized that antiseizure medication
discontinuation is also delayed in Norway, and that cli-
nicians are reluctant to discuss discontinuation.® While
deprescribing should always be guided by individual need,
clinicians may benefit from more research establishing re-
liable criteria for deprescribing, and services may benefit
from an economic analysis of long-term prescribing, de-
spite buccal midazolam's competitive cost-effectiveness.?’
Further, the lack of clear international guidelines on
when to withdraw midazolam adds to the risk of misuse
and abuse at patient and carer levels.

43 | Prescribing practices

Norwegian clinicians indicated a preference for a higher
maximum dose of buccal midazolam over 24 h compared
to UK clinicians, and this persisted in physician-only
analyses. The prescription patterns and individual
indications for antiseizure medications in Norway and the
UK have been well studied.>*** Future research should
investigate prehospital therapies, including optimal dosing
and indications. International comparisons of practice
could help establish the rationale for, and frequency of,
prescribing doses outside of guidelines.

Norwegian clinicians were overall more likely to pre-
scribe buccal midazolam to patients with multiple co-
morbidities or social challenges; however, this difference
was driven by UK nurse respondents and did not persist
in a physician-only analysis, where physicians from both
countries were equally likely to prescribe buccal mid-
azolam in patients with multimorbidity. This finding

further underlines the need to review UK guidelines and
strengthen the evidence base for prescribing in patients in
various health states, including those who are pregnant,
have type 1 diabetes, or cardiovascular comorbidities, to
ensure appropriate and equitable buccal midazolam pre-
scribing in the UK.2"

4.4 | Strengths and limitations

44.1 | Strengths

This is the first research paper to perform an international
comparison of prehospital, pharmacological seizure
rescue therapies, with a focus on buccal midazolam. It
provides insights into clinical practice in an area without
a clear evidence base or published guideline, which is
particularly relevant to deprescribing and prescribing in
patients with multimorbidity. The survey was translated
and adapted by expert neurologists for deployment in
Norway, optimizing usability and results. The diversity of
professional background among respondents realistically
represents the clinician body of each country's epilepsy
service, including their clinical decisions and influences.
It highlights a hitherto unrecognized concern of potential
misuse and abuse of midazolam.

4.4.2 | Limitations

Any survey cannot demonstrate causation, only
association. Although this survey was developed by experts
in the field, there was no pilot testing performed prior
to dissemination that may have helped check reliability
based upon respondents’ feedback. The survey tool did not
include the health care setting of the participants, which
could have helped bring insight into access to neurological
care, resources, and the rural-urban divide.

The UK respondent sample is professionally more het-
erogeneous than Norway, and thus this study does not
fully compare professionals with shared backgrounds, for
example, neurologist with neurologist. The survey also
compares very differently structured epilepsy services, as
Norway has no nurse prescribing. However, it is a realistic
sample of epilepsy services in two developed countries as
delivered at the coalface. Furthermore, the translation of
the survey from English to Norwegian may have resulted
in some changed meaning, despite its best accuracy. This
paper does not comparatively explore concerns about in-
appropriate use, which should be expanded upon in future
work.

Notably, these differences are driven by within-
country differences in prescribing in comorbidity between

95UB017 SUOLULLOD AIN8ID) 3ot [dde 8y} Aq peuenob a2 sajolLe YO 9SN J0 S9IN1 10} Afeid1 8UIIUQ AB]IAA UO (SUONIPUOD-PUE-SWLBILY 8| M Aleq U1 |Uo//SdNY) SUORIPUOD pue swie | 8y} 89S *[520Z/0T/£0] U0 ARiq1T 8Ul|UO AB|IM '80UB|BOXT 9120 pUe Ui[eoH Jojaininsu| uoteN ‘SOIN Aq SpT0L +1d9/200T 0T/I0p/wod A8 | im Ake.q1ul|uo//:sdny wouy pepeoiumod ‘0 ‘65260272



MCBRIDE ET AL.

e

Epilepsia Open®

physicians and nurses in the UK, which have been high-
lighted in previous research.”

5 | CONCLUSIONS

This study compares two professionally distinct co-
horts from differently structured epilepsy services
across the UK and Norway. The most significant dif-
ferences emerged in clinicians’ maximal dose of buccal
midazolam prescribed (higher in Norway), the period
of non-use before deprescribing (longer in Norway),
and the likelihood of prescribing midazolam in mul-
timorbidity (more likely in Norway). Both countries
prescribed midazolam for similar indications. Both had
very high concerns about inappropriate use and abuse
of buccal midazolam. There is an urgent need for in-
ternational standards in prescribing and deprescribing
midazolam, as well as further research into the extent
of misuse and abuse potential of midazolam by patients
and carers.
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