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ABSTRACT

Background/Rationale: Benzodiazepine-involved overdose deaths are increasing. Flumazenil is rarely used due to fear of

seizures; however, the risk benefit may favour its use. Flumazenil is licensed for intravenous (IV) use, but intramuscular (IM)

treatment would be required pre-hospital.

Objective: To identify and synthesise pre-clinical and clinical data on the parenteral IM flumazenil safety and efficacy.

Methods: PubMed, Google Scholar, Cochrane and Scopus searches without any language restriction. Adverse effect studies
were limited to systematic reviews and large cohort studies (n>100), IM administration efficacy to studies in large animal (mam-

malian, excluding reptiles and birds) and humans.

Results: Two systematic reviews reported adverse effects from IV or IM flumazenil in clinical use and combined retrospec-

tive/prospective patient cohort. Seizures were uncommon (< 2%) including mixed overdoses. Seven studies (four animal, three

human) reported on IM flumazenil. Animal studies indicated IM flumazenil efficacy. In a canine cross-over study, IM flumaze-

nil reversed midazolam sedation moderately slower than IV. Two clinical observational studies reported sedation reversal with

IM flumazenil, whereas a cross-over study found no IM flumazenil response at 15 min.
Conclusion: IM flumazenil data are sparse, but it may be effective and safe. Clinical research is urgently needed to determine
whether pre-hospital IM flumazenil can prevent benzodiazepine-involved overdose deaths.

1 | Introduction

The United Nations estimates that 292 million people worldwide
(5.6% of 15- to 64-year-olds) used drugs in 2015 and 64 million
suffer from a drug use disorder [1]. According to data from 2019,
128000 individuals died from drug use disorders, with 70% of
deaths due to the effects of opioids [2].

Unintentional drug overdoses killed 4390 people in the United
Kingdom in 2021 [3, 4]. Over the last 8years, there has been a
major increase in the number of these deaths that are associated
with benzodiazepines, particularly in Scotland where 918/1330
[69.0%] of deaths in 2021 involved benzodiazepines according
to formal post-mortems (Figure 1) [3], particularly with potent
non-licensed benzodiazepines such as etizolam and alprazolam
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Summary

» Drug-related deaths involving benzodiazepines are
increasing.

Flumazenil is an antidote that could be used to treat
overdoses by injection into a person's muscle (intra-
muscularly [IM]) but is only licensed for injection into
a person's veins.

Intramuscular antidote for opioid overdose is effective
and flumazenil could be used the same way, if safe.

We looked at animal and human studies measuring
risks (adverse outcomes) and efficacy (how well it
worked).

The literature is limited but shows IM flumazenil ef-
fectively reverses benzodiazepines with few reports of
adverse events.

Studies in patients are needed to determine if this an-
tidote could be given to people outside of hospital.

200

FIGURE1 | Top: Number of drug misuse deaths in Scotland in 2008-
2022, by implicated drugs. Bottom: Number of drug misuse deaths in
Scotland in 2008-2022 by implicated benzodiazepine. Source: National
Records Scotland [2] (Open Government Licence 3.0).

[5-7]. Etizolam is usually taken in high doses as its short-lived
effects encourage people to take repeated doses [8, 9]. Compared
to other European countries, Scotland has the highest rate
of drug-related deaths. According to the most recent data,

Scotland's rate of drug-induced deaths (the European Union
Drug Agency, formerly European Monitoring Centre for Drugs
and Drug Addiction, definition) was 277 per million population
(2023 data), far higher than the second highest country (Ireland,
97 per million population, 2020 data). The overall rate for the 27
European Union countries plus Tiirkiye and Norway was 20 per
million; however, due to differences in how data are recorded,
comparisons need to be made with caution [10].

Benzodiazepines cause respiratory depression [11], and synergy
between benzodiazepines and opioids may be causing many
deaths. An antidote for benzodiazepines is available—flumazenil
[12] (Box 1 and Table 1)—akin to naloxone for opioid overdose,
which is established as a pre-hospital intramuscular (IM) antidote
for first-response professionals and trained bystanders and shown
to save lives [19-21]. However, flumazenil is little used in clinical
practice due to a perceived risk of causing seizures after mixed
medicine overdoses including benzodiazepines [22].

Most unintentional deaths from drug use occur before hospital
admission or before presentation to pre-hospital medical ser-
vices [26]. It is possible that pre-hospital flumazenil will save
lives if benzodiazepines are causal in the pathway to death and
ifit can be used safely by ambulance paramedics or trained com-
munity members at first contact with patients after drug over-
dose. Pre-hospital use will require an alternative route to
intravenous administration, such as IM. Unfortunately, fluma-
zenil is not licensed for this route [22]. In addition, there are

Box- Pharmacology of flumazenil

Flumazenil, a 1,4-imidazobenzodiazepine, is a specific com-
petitive central-acting benzodiazepine (GABA,) receptor
antagonist [23]. It interacts with the receptor's extracellular
surface (between the @ and y, units, close to where benzodi-
azepines bind). The effects of non-benzodiazepine agonists
acting via the GABA , receptor, such as zopiclone and tri-
azolopyridazine, are also antagonised by flumazenil [24].

It is licensed for the reversal of benzodiazepine sedative ef-
fects in anaesthesia, clinical procedures and intensive care
by the intravenous (IV) route [22, 25]. The initial IV dose
is 200 mcg, given over 15s; if there is no response at 1 min,
100mcg can be given every 1 min (qlmin) as required. The
usual total dose is 300-600mcg with a max of 1mg per
course. Benzodiazepine sedative effects are reversed rap-
idly (within 1-2min) after IV administration. Depending on
differences in elimination time between agonist and antag-
onist, sedative effects can recur [13]. Other routes of admin-
istration have been clinically used (Table 1). Log Kow (log P)
is 1.0; oral bioavailability is 0.17% [13].

Flumazenil is 50% bound to plasma proteins, particularly
albumin [13]. During distribution, the flumazenil plasma
concentration decreases with a half-life of 4-15min; the
distribution volume under steady-state conditions (Vss) is
0.9-1.1L/kg [13]. Elimination is mainly by hepatic metab-
olism. An inactive carboxylic acid metabolite is the most
important metabolite. Elimination is rapid, with a half-life
of 40-80 min. Radiolabelled flumazenil is completely elimi-
nated within 72h, with 90%-95% appearing in the urine and
5%-10% in the faeces [13]. We were unable to find any papers
reporting IM pharmacokinetics.
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TABLE1 | Summary of dosing for clinical routes of administration to adults.

Route of administration Dose

Observations

Licensed recommendation

Intravenous 0.2-0.3mg over

15s[13]

If the required level of consciousness is not regained within 60s,
further doses of 0.1 mg can be administered and repeated at 60s

intervals, to a total dose of 1 mg (anaesthesia) or 2mg (intensive care)

Unlicensed (individual) recommendations

Maximum of 0.1-0.2mg

Maximum of 600mg. Doses of 20-25mg have been given 3-5
times daily over several days to prevent coma relapse [12]

Not found to be effective in addition to IV flumazenil [16]. Has been

used for sustained infusions to treat benzodiazepine dependence [17]

Intranasal 0.025-0.04 mg/kg [14]
Oral 30-100mg [15]
Subcutaneous 1mg/h [16, 17]
Sublingual 0.4-1.6mg [18]

Note: The table presents information on licensed IV dose and recommended doses in the literature for unlicensed routes. The intramuscular route has no

recommended dose and so is not presented in the table.

currently no data on the number of patients who die after ade-
quate pre-hospital naloxone administration, patients who might
benefit from pre-hospital flumazenil.

We here review evidence from both animal and human studies
for the safety and efficacy from IM administration.

2 | Methods

We searched PubMed, Google Scholar, Cochrane and Scopus
databases using the terms ‘flumazenil’ and either ‘adverse ef-
fects’ or ‘intramuscular’. Eligible studies reported information
on the adverse effects (AEs) of parenteral (IV or IM) flumaze-
nil and effectiveness by the IM route. There was no restriction
by language. Studies describing AEs of parenteral (IV or IM)
flumazenil use in patients were limited to systematic reviews
and large cohorts of benzodiazepine intoxicated patients in-
cluding abstracts of case series. We included PhD theses if
they met inclusion criteria and were retrievable in full text.
Studies describing IM administration were limited to large
animal (mammalian) pre-clinical studies and clinical stud-
ies. Two authors (I.F. and M.E.) independently selected arti-
cles addressing the IM use of flumazenil by initially reading
the abstract and then the full article when relevant. PRISMA
guidelines were not followed for this review.

3 | Results

We found 10 papers addressing AEs of parenteral flumazenil
and efficacy of IM flumazenil (Figure 2).

3.1 | AEs of IM Flumazenil Administration

AEs associated with IM flumazenil were only reported in one clin-
ical study, which compared IM with IV flumazenil and placebo
in male and female patients aged 18-60years undergoing dental
or maxillofacial surgery (for whom the presence of benzodiaze-
pine tolerance was not reported) [27]. Of 15 patients receiving IM

flumazenil, five experienced chills, and four became agitated, in
comparison to seven and five out of 15 patients receiving IV fluma-
zenil respectively. In the control group (who received saline solu-
tion), four out of 15 patients experienced chills, but none became
agitated. The only seizure occurred in a patient in the IV group
who also was taking the tetracyclic antidepressant maprotiline.

3.2 | AEs of IV Flumazenil Administration

As the data on AEs after IM administration were minimal, we
also looked for data on safety following IV administration be-
cause AEs by either route may be similar. We identified two
systematic reviews [28, 29] reporting AEs from parenteral
flumazenil administration in clinical use, as well as a combined
retrospective/prospective cohort of patients (n=731) receiving
flumazenil 0.5mg IV on presentation to hospital [30].

Penninga et al. [28] extracted data on 498 patients treated with
flumazenil (with 492 controls) in 13 trials (N=990). Three ran-
domised controlled trials (RCTs) had exclusion criteria related
to benzodiazepines: known or suspected benzodiazepines over-
dose, known therapeutic use of benzodiazepines and known hy-
persensitivity to benzodiazepines. One RCT excluded patients
with evidence of alcohol or tricyclic antidepressant ingestion,
and eights RCTs excluded patients with organ injury, including
kidney, liver and/or brain injury (including epilepsy). No infor-
mation was provided in the papers on the presence of benzodi-
azepine tolerance.

Across all trials included in Penninga et al.'s systematic re-
view [28], 720 patients (72.4% of all patients) had overdosed
with benzodiazepines. Ten studies provided information about
single- versus multi-drug overdose for 596 patients, of whom
205 (34.4%) were exposed to a single benzodiazepine and 391
(65.6%) were exposed to multiple substances including ethanol,
anxiolytics (e.g., barbiturates), opioids and tricyclic antidepres-
sants [28].

Flumazenil regimens differed among trialsin thisreview [28]. All
studies administered flumazenil IV with an initial dose varying
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Identification of new studies via databases and registers Identification via other sources

Records identified from
databases (n=5,208):

Google Scholar (n=5,170)

PubMed (n=38) —p| Duplicates removed (n=30)

Records identified from (n=4):
Google search (n=1)
Citation in another paper (n=1)
Hand-searched (n=2)

Total number of records screened
after removing duplicates —

Records excluded based on title
(n=4,876)

(n=5,178)
v

Records retrieved based on title
(n=302) -

Records excluded based on
abstract (n=270)

!

Full-texts articles assessed for
eligibility (n=32)

Full-text articles excluded:
IM route not mentioned (n=2)
IM injection of flumazenil without
effects being described (n=16)
Non-mammalian studies (n=8)

|

Studies included in review (n=10):
Human studies (n=3)

Animal studies (n=4)
Adverse events (n=3)

A

FIGURE2 | Prisma flow chart—selection of eligible studies.

from 0.1 to 2.5mg (total dose 1.0-10.0mg). Average flumazenil
dose varied from 0.77 to 7.1 mg. Nine studies reported observa-
tion times of between 10min and 24h (median 5h). AEs were
more common in the flumazenil group (138/498) compared with
the placebo group (47/492) (risk ratio: 2.85; 95% confidence inter-
val [CI]: 2.11-3.84; p<0.00001). Serious adverse effects (SAESs)
were also more common with flumazenil than with placebo
(12/498 vs. 2/492; risk ratio: 3.81; 95% CI: 1.28-11.39; p=0.02).
The most common AEs in the flumazenil group were agitation
and gastrointestinal symptoms. The most common SAEs were
supraventricular arrhythmias and/or tachycardia (7 flumaze-
nil patients and 2 control patients). Seizures occurred in three
(0.6%, 95% CI 0.12%-1.75%) flumazenil patients and no control
patients. No patients died during the blinded phase of the RCTs.
It is unclear from the data reported whether the patients with
SAESs had co-ingested other substances.

Ramos Rodriguez in an unpublished thesis [29] identified seven
papers reporting case series of flumazenil use for which adverse
reactions were reported, including that by Penninga et al.s [28]
and Sivilotti's narrative review [24]. The papers included 8214
patients of which at least 1438 received flumazenil (56 on mul-
tiple occasions in one clinical study). A total of 340 AEs were
identified in these cohorts and in two narrative reviews, with
agitation (15.9% of AEs), nausea and vomiting (15.6%) and anx-
iety (14.1%) being most frequently documented. Seizures were

reported on only three occasions in the cohort of 1438 patients.
Seizures were often associated with the co-ingestion of tricyclic
antidepressants [29].

Rasimas et al. [30] reported a case series of 731 patients (519
retrospective, 212 prospective; 38% with mixed overdoses) re-
ceiving 0.5mg flumazenil over 30s to treat sedation, many on
presentation to hospital. They excluded patients who were ‘nota-
bly hyper-reflexic, myoclonic, or tachycardic (physical findings
they considered inconsistent with sedative toxicity)’. They noted
no cases of arrhythmias or seizures. In the prospective compo-
nent, 12/212 patients (5.7%) developed only mild AEs [30].

3.3 | Efficacy of Intramuscular Administration
of Flumazenil

We identified 38 papers related to IM administration in PubMed
and 5170 in Google Scholar. We did not identify papers with
Cochrane or Scopus. Additional records identified on Google
(n=1), via citation (n =1) or hand-searching (n = 2) were consid-
ered. Duplicates (n=30) and papers not addressing flumazenil
administration (n=4912) were eliminated by abstract review
(Figure 2), leaving 302 publications. Initial assessment of full
papers revealed 36 possibly eligible papers; papers were then
excluded on the basis of unspecified route of administration
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(n=2), lack of documentation of flumazenil reversal times
(n=13) and inclusion of non-mammalian species (n =2). We ul-
timately identified seven studies (four animal [31-34] (Table 2)
and three human [27, 35, 36] (Table 3)) that addressed IM fluma-
zenil administration related to efficacy, AEs, re-sedation and/
or time to recurrence of sedation. None of the papers reported
pharmacokinetics from IM administration.

3.3.1 | Large Animal Studies of IM Flumazenil

Heniff et al. [31] conducted a randomised controlled cross-over
canine study (animal weight 20-25kg) given thiopental (19 mg/
kg) and midazolam (0.1 mg/kg followed by 0.2mg/kg) compar-
ing time to reversal of respiratory depression for flumazenil
(0.5mg) administered by different routes (IV, IM, sublingual
[SL] or per-rectum, vs. no treatment [control]). The IV route had
the fastest time to reversal (mean 120 [+£24.5] s), followed by SL
(262 [+£94.5] s). The IM route had the third fastest time to rever-
sal (310 [£133.7] s), but the highest variation in mean recovery
time [31] (Figure 3). Recovery time in the single control animal
was 1620s.

In a non-randomised three-arm observational study,
Walzer and Huber [33] studied cheetahs anaesthetised with
tiletamine-zolazepam (4.2mg/kg) and compared flumaze-
nil (0.031+0.006 mg/kg) and sarmazenil (0.1 mg/kg) with
no antidote. The stand-up recovery time for flumazenil
(40.3+22.3min), given about 30min after initial anaesthesia,
was longer than for sarmazenil (17 +8.5min) but substantially
shorter than without antidote (105 min).

In an observational field study, Bodley et al. [32] studied Weddell
seals sedated with 100-130mg midazolam before comparing
time to reversal of sedation for seals receiving IM flumazenil
and those not receiving flumazenil. The study was not ran-
domised, and there were likely systematic differences between
groups. The flumazenil dose (0.5mg) used was very low per ki-
logram for these heavy animals (weight 240-370kg) compared
to the dose used in other studies. The mean (standard deviation)
recovery times for animals receiving IM flumazenil (n=9) was
longer (5.3 +3.2min) than for animals not receiving flumazenil
(n=2, 4min).

Lu et al. [34] conducted a randomised controlled cross-over
study in pigs anaesthetised with tiletamine-zolazepam (3 mg/
kg), xylazine (1.2mg/kg) and tramadol (1.6 mg/kg). They com-
pared time to recovery of head up in animals receiving flumaze-
nil (0.1 mg/kg), atipamezole (0.12mg/kg) or naloxone (0.03 mg/
kg), and combinations of these medicines, versus placebo. The
mean (standard deviation) recovery times for animals receiving
IM flumazenil (n =9) was 65.0 =20 min versus 87.0 +/— 188 min
in control animals, suggesting that non-benzodiazepine ele-
ments of the anaesthetic mix was causing sedation.

3.3.1.1 | AEs in IM Animal Studies. Only one animal
study mentioned the occurrence of AEs. In the study of pigs
receiving zolazepam, Lu et al. [34] mentioned limb rigidity in
some animals receiving flumazenil but did not provide data on
comparative incidence in different groups.

3.3.2 | Clinical Studies of IM Flumazenil

Three eligible human studies (two randomised and one non-
randomised) were identified. They assessed the recovery of pa-
tients using the Glasgow coma score (GCS) 35, 36] or the Alert/
Verbal/Pain/Unresponsive (AVPU) [37] scale [27] (Table 3).

An abstract by Passeron et al. [35] described an observational
study of the clinical use of IV or IM flumazenil administered for
benzodiazepine overdose in 19 patients. Recovery in GCS was
monitored for up to 4h after administration. The dose and route
varied across four groups. Two groups received IM flumazenil
(Table 3). Doses were either (i) 0.5mg flumazenil IV every min
until consciousness had returned followed by 2.5mg IM (n=2)
or (ii) injection of 2.5mg IM, repeated as required if sedation re-
curred (n=>5). Both patients receiving the first regimen regained
consciousness (time not presented); all five patients receiving
the second regimen regained consciousness within 10 min, but
three required further doses due to re-sedation. There was no
control group in this study.

An RCT by Bonnet, Roche, and du Cailar [27] assessed re-
versal times based on the AVPU scoring system for IV versus
IM flumazenil (both 0.015mg/kg) and placebo control for
flunitrazepam-induced sedation. Data are provided at 15 and
60min after antidote administration. At 15min, IV flumazenil
had led to almost full recovery (mean score 2.8 out of 3.0 for
alertness), although patients receiving IM flumazenil or control
were responsive to pain stimuli only (scores 1.2 and 0.8 out of
3.0, respectively). At 60 min, scores for the three groups did not
differ (all about 2.0 out of 3.0, consistent with response to voice)
due to the effect of IV flumazenil wearing off.

Esparza Medina [36] conducted a prospective controlled study.
Rapid recovery times were reported for elective surgery pa-
tients receiving IM flumazenil 0.5mg (n =20, 23 min [no vari-
ance reported]|) compared to patients receiving placebo (n =20,
180min). Consciousness was evaluated based on an adapted
GCS using a maximum score of 20. This coma score has been
not previously been reported in the literature, making the evalu-
ation of the consciousness state unreliable. Patients with known
substance use were excluded.

4 | Discussion

The Scottish drug death crisis involving opioid and highly po-
tent benzodiazepine combinations means that pre-hospital IM
administration of flumazenil needs to be considered as one ap-
proach to preventing deaths. Our review indicates that the key
hazard of concern—seizures—appears to be uncommon, occur-
ring in less than 2% of patients receiving IV flumazenil. None
were reported to have developed status epilepticus unresponsive
to therapy; no deaths were noted. The studies cited here did not
report whether patients were dependent on benzodiazepines be-
fore they received flumazenil. However, Penninga et al.'s [28] re-
view included many patients who had taken an overdose, some
of whom would be expected to using benzodiazepines regularly
and therefore dependent. Not knowing how many patients were
dependent is a limitation of this study and our conclusions.
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FIGURE 3 | Time to reversal of midazolam-induced respiratory de-

pression in a canine study of different administration routes for fluma-
zenil. Data are from Heniff et al. [31], reproduced with permission.

However, overall, the quality of data to support IM use is cur-
rently poor. Human studies of IM flumazenil are few because
its indication is reversal of iatrogenic benzodiazepine overdose,
which usually occurs around a procedure in patients with IV ac-
cess, making IM administration irrelevant. IM administration
of 2.5mg flumazenil to five patients with GCS 12/15 appears to
have reversed sedation in an early study [35], but the study has
only been reported in abstract format, meaning that informa-
tion on study design and outcome is missing. Less promisingly,
a study of 0.015mg/kg flumazenil (1.05mg for a 70kg adult) for
flunitrazepam sedation showed a good response to IV adminis-
tration at 15min but no response to IM administration [27]. No
dose response was assessed, so it is possible that a higher dose
would have been effective. However, 1 mg is usually an effective
1V dose; it is possible that the response was delayed past 15min
(no measurements of sedation were made between 15 and
60min). The most recent clinical study reported a mean time
to response for the IM route of 23 min (vs. 180 min for placebo),
supporting efficacy with a delay to peak effect [35]. However,
the clinical usefulness of a route that takes more than 15min to
work will need to be assessed formally in clinical trials.

Previously, Weinbroum, Halpern, and Geller in their review
of flumazenil [38] had noted that they found IM flumazenil to
be effective in their clinical practice, citing two publications
(one a meeting abstract [39] and the other a submitted paper
[40]). However, review of both papers revealed no mention of
IM administration; they were therefore excluded from the data
analysis and the basis for Weinbroum's positive views on IM
flumazenil is unclear.

The data on safety are reassuring. Some of the studies included
in the major systematic review of safety [28] recruited patients
dependent on benzodiazepines and/or patients taking a benzo-
diazepine overdose. Despite this, the rate of SAEs was low. Most
seizures were associated with the use of tricyclic antidepressants

such as amitriptyline. Status epilepticus was not reported, sug-
gesting that even if seizures do occur they are likely to be tran-
sient and responsive to benzodiazepine treatment. One concern
is that early narrative reviews suggest that IV flumazenil doses
greater than 1mg are associated with seizures [12, 41], a dose
that might be necessary for effective IM therapy. However, if ac-
curate, this dose threshold may be associated with a high Cmax
and rapid antagonism following fast IV administration, differ-
ing from the relatively lower peak concentration and slower time
to peak following IM injection.

The half-life of flumazenil is relatively short after IV dosing, at
40-80min, contrasting with much longer half-lives for many
benzodiazepines, for example, etizolam (10-14h [42]) and di-
azepam (up to 48h; 100h for the active metabolite). Therefore,
there is a need for observation after dosing, with consideration
of further doses of flumazenil; such a wearing off of flumaze-
nil's effect was noted in the Bonnet, Roche, and du Cailar study,
where IV flumazenil's benefit at 15min had reduced by 60 min.
A pilot study suggests good efficacy and safety from an infusion
of flumazenil once respiratory depression has been reversed
with bolus doses [43]. Doses of 0.5mg flumazenil every 1-2h
have also been given to sustain a response [30]. IM administra-
tion may result in more prolonged absorption and therefore lon-
ger half-lives and effect. Clinical studies are required to address
the pharmacokinetics of IM administration.

A series of pharmacokinetic and clinical studies to determine
whether pre-hospital administration of IM flumazenil could
save lives are needed. Initial studies will need to focus on find-
ing an effective and safe dose, with transient seizures occurring
in less than 2%-3% of patients; studies will best be performed
in emergency departments that are familiar with respiratory
support and management of seizures. A dose response study is
essential to identify both a dose that works for most cases and
the time to effect. The dose would not be required to wake the
person up fully; the main target of effect will be respiratory rate.
Clinical trials will be needed to address how quickly IM fluma-
zenil should work—will improved GCS at 15min be adequate or
would 5min be preferable? Although other routes such as intra-
nasal and sublingual may be effective, community familiarity
with IM naloxone may allow its uptake if effective to be quicker.

Initial studies should exclude patients with epilepsy on anti-
epileptic medication and those with previous head injury.
However, we believe that they should not exclude patients with
benzodiazepine dependence because it is these patients that are
at high risk of overdose and who may benefit from flumazenil.
Identification of a safe and effective dose should initiate prag-
matic pre-hospital clinical trials with ambulance services and
then trained community members. Information on previous ep-
ilepsy and head injury may not be available to such people using
IM flumazenil, unless they are wearing something like a medic
alert bracelet.

Take-home IM naloxone is widely available in Scotland and has
been shown to be effective at preventing deaths [19-21]. However,
there is currently no good evidence about the proportion of peo-
ple who die from opioid/benzodiazepines mixed overdoses after
receiving adequate doses of pre-hospital naloxone. These repre-
sent individuals who could potentially benefit from provision of
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pre-hospital flumazenil. We are currently seeking these data for
Scotland. However, it is clearly possible that the benzodiazepine
component of mixed overdoses is not relevant for lethality and
that use of flumazenil will have no effect on saving lives. The
solution to the drug death crisis may simply be much earlier ad-
ministration of effective doses of naloxone. However, until the
RCTs are done, we will now know whether flumazenil is useful
and people with lived experience will continue to question why
we do not use a potentially effective antidote.

4.1 | Limitations

Published pre-clinical and clinical reports of IM flumazenil use
are of limited quality and quantity. We only identified four mam-
malian pre-clinical studies and three clinical studies. All stud-
ies were small and offered limited evidence on the safety and
efficacy of this route. Safety data were taken from systematic
reviews of IV use of flumazenil, which may differ from AEs of
IM administration. RCTs included in the systematic review were
small with fewer than 500 patients in total receiving IV fluma-
zenil. Not all the RCTs included patients relevant to IM use of
flumazenil such as patients with benzodiazepine dependence or
taking overdoses. The AE reviews did not present data on the
presence of co-ingestants in the patients who had seizures after
receiving flumazenil. Many of the publications were not pub-
lished in full and were only available as abstracts or university
theses for this review, reducing confidence in the data presented.

4.2 | Conclusion

We found limited data suggesting that IM flumazenil may be
an effective and safe route of administration that could be used
for pre-hospital treatment of poisoned patients. There is an ur-
gent need to initiate a clinical research programme to determine
whether pre-hospital flumazenil is a valid approach to prevent-
ing deaths from unintentional drug overdose.
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