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ABSTRACT

Introduction: Low-dose methoxyflurane, admin
istered via a hand-held inhaler, has been used for
short-term pain relief in emergency medicine in
Australia and New Zealand for over 40 years, and
was recently approved in Europe for the rapid

relief of moderate-to-severe trauma-related pain
in adults. There is currently a lack of data for
methoxyflurane versus active comparators,
therefore this trial will investigate the efficacy and
safety of inhaled methoxyflurane compared with
standard of care (SoC) in the treatment of acute
trauma-related pain in pre-hospital and ED set-
tings in Italy.
Methods: MEDITA (Methoxyflurane in Emer-
gency Department in ITAly) is a Phase IIIb,
prospective, randomised, active-controlled,
parallel-group, open-label, multicentre trial. A
total of 272 adult patients with moderate-to-
severe pain [score C 4 on the Numerical Rating
Scale (NRS)] due to limb trauma will be ran-
domised 1:1 to receive 3 mL methoxyflurane
(self-administered by the patient via inhalation
under supervision of a trained person) or med-
ications that currently comprise the SoC in Italy
[intravenous (IV) morphine for severe pain
(NRS C 7); IV paracetamol or ketoprofen for
moderate pain (NRS 4–6)], administered as soon
as possible after randomisation.
Planned Outcomes: Pain intensity will be
measured using a 100-mm visual analogue scale
(VAS) at baseline (time of randomisation) and at
intervals up to 30 min. Time of onset of pain
relief as reported by the patient and use of res-
cue medication will be recorded. The patient
will rate the efficacy and the healthcare profes-
sional will rate the practicality of study treat-
ment at 30 min after randomisation using a
5-point Likert scale. Adverse events will be
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recorded until safety follow-up at 14 ± 2 days.
Vital signs will be measured at baseline, 10 and
30 min. The primary aim is to demonstrate non-
inferiority of methoxyflurane versus SoC for the
change in VAS pain intensity from baseline
(randomisation) to 3, 5 and 10 min.
Trial Registration: EudraCT number:
2017-001565-25. Clinicaltrials.gov identifier:
NCT03585374.
Funding: Mundipharma Pharmaceuticals srl.

Keywords: Acute pain; Analgesic; Emergency
department; Inhaled analgesic; Injury;
Methoxyflurane; Penthrox; Pre-hospital; Trauma

PLAIN LANGUAGE SUMMARY

An estimated 38 million people attend Euro-
pean Emergency Departments (EDs) each year
due to injuries, and many experience pain that
is inadequately treated. Currently available
painkillers (analgesics) have limitations such as
being slow to work (oral medications), requiring
needles (intravenous medications) or side
effects (e.g., opioids). A new analgesic
(methoxyflurane) is available in Europe for
emergency relief of moderate-to-severe acute
pain due to injury. Methoxyflurane is adminis-
tered using a disposable hand-held inhaler,
through which the patient can inhale and
control their own level of analgesia.
Methoxyflurane has been used in Australia and
New Zealand for over 40 years, with nearly 6
million uses to date, but no large-scale trials
have assessed its effectiveness compared with
other analgesics in the emergency setting. A
new trial (MEDITA—Methoxyflurane in Emer-
gency Department in ITAly) will investigate the
effectiveness and safety of methoxyflurane ver-
sus standard analgesic treatment in Italian
emergency medical centres.

The MEDITA trial will enroll approximately
272 adult patients with limb injuries and/or
suspected fractures who have moderate-to-sev-
ere pain when they are assessed in the ED or are
assisted through the 118 Emergency system
(pre-hospital and ambulance service). Patients
will be randomly allocated to treatment with
inhaled methoxyflurane or standard analgesic

treatment; this will be intravenous morphine
for patients with severe pain and intravenous
paracetamol or ketoprofen for patients with
moderate pain. The trial will compare reduc-
tions in patients’ pain intensity, how quickly
pain relief is achieved, whether additional
analgesics are required and the number and
type of side effects between the two treatment
groups.

INTRODUCTION

The health burden of injury and trauma pain is
significant; each year there are an estimated 38
million injury-related emergency department
(ED) attendances across the European Union
[1]. The prevalence of trauma-related pain has
been reported as 70% of patients in the pre-
hospital setting [2] and up to 91% in the ED
[3, 4], with many patients still experiencing
moderate-to-severe pain at discharge [3, 5].
Undertreatment of acute pain (oligoanalgesia)
in trauma patients remains a widespread prob-
lem in the pre-hospital and ED settings; a study
in the pre-hospital setting found the prevalence
of oligoanalgesia to be 43% [6], while a study in
the ED found that only 35.7% of patients
received analgesia and 12.5% received adequate
pain management [7]. Reasons for the
undertreatment of pain include inadequate or
under-assessment of pain, lack of training or
guidance on pain management, insufficient
time and resources, and reluctance to adminis-
ter opioids [8–10].

In Europe, commonly used analgesics for
trauma pain include paracetamol, non-steroidal
anti-inflammatory drugs (NSAIDs), nitrous
oxide (N2O) and opioids [2, 11], although there
are regional and institutional variations. Cur-
rent analgesics present several limitations in the
treatment of trauma pain with respect to their
routes of administration, strength of analgesia,
side effect profiles and pharmacokinetic prop-
erties [8]. Paracetamol and NSAIDs are weak
analgesics often used as first-line treatment of
mild-to-moderate pain, but onset of action is
slow when administered orally, while parenteral
administration requires additional resources for
cannulation and may be difficult in the pre-
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hospital emergency setting. There is also risk of
overdose if the patient has already self-medi-
cated before receiving medical assistance. N2O
is fast acting, but its canisters are bulky and
heavy, making them unwieldy to transport and
manoeuvre in emergency situations, [12] and
must also be used with caution in patients with
chest injury due to the risk or accumulation of
gas and rapid worsening of pneumothorax if
present [13]. Opioids are a highly effective
treatment option for severe pain, but require
additional resources for prescribing, adminis-
tration, monitoring and observation due to
their controlled status and challenging safety
profile. A recent review has estimated the cost
per patient of intravenous (IV) morphine
administration in Europe at €18–28 (of which
€14–22 is accounted for by workforce costs),
rising to €121–132 when morphine-related
adverse events (AEs) and IV-related complica-
tions are also considered [14]. Furthermore,
there is often a general reluctance on the part of
healthcare providers to prescribe opioids due to
concerns over safety, dependence and abuse.
According to the Italian Inter-societary Recom-
mendations (SIAARTI, SIMEU, SIS 118, AISD,
SIARED, SICUT, IRC) on emergency pain man-
agement, ‘‘The ideal pre-hospital analgesic
should be simple to use, safe, effective, unaf-
fected by transport times, have a rapid onset, a
short duration of action, and be able to be
titrated to achieve the desired effect in all
patients’’ [15].

Low-dose methoxyflurane, a non-opioid,
volatile fluorinated hydrocarbon, administered
via a lightweight, disposable, hand-held inhaler
(Penthrox�; Medical Developments Interna-
tional Limited, Scoresby, Australia) has recently
been approved in Europe for the emergency
relief of moderate-to-severe pain in conscious
adults with trauma and associated pain [16].
While use of methoxyflurane at higher doses for
general anaesthesia was discontinued in the
1970s due to concerns about nephrotoxicity
[17], administration of lower, analgesic doses of
methoxyflurane is not typically associated with
renal side effects [18]. Low-dose methoxyflu-
rane has been widely used in Australia and New
Zealand for over 40 years for short-term pain
relief in both adults and children in emergency

medicine, minor surgical and dental procedures
[19, 20], with a total of over 5 million admin-
istrations worldwide to date [21].

The European approval for low-dose
methoxyflurane was primarily based on a UK-
based randomised, controlled trial (STOP!),
which demonstrated significantly greater
reductions in pain intensity, a rapid onset of
action (median 4 min), along with significantly
less use of rescue medication and high patient
satisfaction with methoxyflurane compared
with placebo in 300 patients aged C 12 years
with acute trauma pain [22], as well as in the
adult-only subgroup [23]. With the exception of
two smaller studies versus intramuscular tra-
madol [24] and placebo [25], other clinical data
supporting low-dose methoxyflurane in the
treatment of trauma pain are mainly from real-
world observational or retrospective studies
outside Europe [26–30]. There is a need for
better evidence from randomised trials using
clinically relevant active controls. Therefore, a
randomised controlled trial aiming to investi-
gate the efficacy and safety of low-dose
methoxyflurane analgesia compared with stan-
dard of care (SoC) in the treatment of acute
trauma-related pain has been initiated in
emergency units in Italy and is described in this
paper.

METHODS

Study Design

MEDITA (Methoxyflurane in Emergency
Department in ITAly) is a Phase IIIb, prospec-
tive, randomised, active-controlled, parallel-
group, open-label, multicentre trial of the effi-
cacy and safety of methoxyflurane versus SoC in
adult patients with acute trauma-related pain
(study code MR311-3504; EudraCT
2017-001565-25; NCT03585374). The study is
being conducted at 16 emergency medical cen-
tres in Italy (in the pre-hospital or ED settings).

Adult, stable, alert and collaborative patients
with limb trauma in a single area and a pain
score C 4 on the 11-point Numerical Rating
Scale (NRS) presenting at the hospital for triage,
or who are rescued in the pre-hospital

246 Adv Ther (2019) 36:244–256



environment through the 118 system of the
participating sites, will be assessed for eligibility
in the trial. Full inclusion and exclusion criteria
are presented in Table 1. A total of 272 patients
are expected to be enrolled and randomised 1:1
to receive methoxyflurane or medications that
currently comprise the SoC in Italy [intravenous
(IV) morphine for the treatment of severe pain
(NRS C 7) and IV paracetamol or ketoprofen for
the treatment of moderate pain (NRS 4–6)].
Patients will receive the assigned study treat-
ment and undergo study assessments in a single
day (the day of enrolment and randomisation),
with a follow-up telephone call 14 ± 2 days
later to assess safety and record any concomi-
tant therapies.

Treatments

Patients will be randomised in a 1:1 ratio to
receive either inhaled methoxyflurane or SoC.
Treatment randomisation will be through a
block randomisation scheme of four prepared
by before the start of the trial. No stratification
for any characteristic or balancing between the
two treatment arms will be performed. After
patient details are entered into the electronic
case report form (eCRF) and eligibility is con-
firmed, patients will be randomised automati-
cally through an Interactive Web Response
System set up within the eCRF. Treatment will
be administered in an open-label fashion com-
mencing as soon as possible after
randomisation.

Patients randomised to methoxyflurane will
receive one hand-held inhaler with a 3-mL vial
of methoxyflurane (Fig. 1). Prior to use, the
methoxyflurane liquid is added to the inhaler
via a one-way valve and is absorbed by a
polypropylene wick; once absorbed, the liquid
vaporizes and the patient inhales the vapour
through the mouthpiece. The patient also
exhales back into the mouthpiece, so that any
exhaled methoxyflurane is captured by the
activated charcoal (AC) chamber, which adsorbs
methoxyflurane and prevents fugitive emissions
resulting in occupational exposure. The patient
will be instructed to inhale intermittently from
the device to obtain adequate analgesia. If a

greater analgesic effect is required, the patient
will be instructed to cover the diluter hole at the
mouthpiece end, which, when covered with the
patient’s index finger, allows the patient to
inhale a higher concentration of study medica-
tion. One inhaler (3 mL methoxyflurane) will
provide approximately 1 h of analgesia under
suggested intermittent inhalation conditions;
continuous inhalation reduces the duration of
use to approximately 25 min of analgesia.

For patients randomised to SoC, treatment
will be determined based on the intensity of the
patient’s pain. Patients with severe pain (NRS
C 7) will receive IV morphine (0.10 mg/kg).
Patients with moderate pain (NRS 4–6) will
receive IV paracetamol (1 g) or ketoprofen
(100 mg), chosen by the investigator on the
basis of availability and local practice, and
considering any prior history of allergy in the
patient.

If a patient in either treatment group expe-
riences insufficient analgesia, rescue medication
will be permitted according to local practice
from 25 min after randomisation (after mea-
surement of pain relief for this time point).
However, the investigator may administer res-
cue medication at any time at his/her discretion
in the event that pain worsens, or improvement
is insufficient.

Study Objectives and Endpoints

The primary objective of the trial is to assess the
efficacy of inhaled methoxyflurane in the
treatment of moderate-to-severe acute trauma-
related pain compared with SoC. The primary,
secondary and exploratory objectives of the trial
and associated endpoints are presented in
Table 2. Baseline will be taken as the time of
randomisation. This is intended to take into
account not only the intrinsic efficacy of the
trial treatments but also the speed of drug
administration in the emergency setting, since
the aim of treatment is to relieve the patient’s
pain as rapidly as possible and allow continua-
tion of the diagnostic–therapeutic process.

Pain intensity (as a trial endpoint) will be
assessed using a 100-mm visual analogue scale
(VAS; 0 = no pain to 100 = maximum pain) at
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Table 1 Patient eligibility criteria

Inclusion criteria

Age C 18 years

Stable, alert and collaborative patient, able to understand and communicate with the investigator in order to perform

the trial activities

Trauma to the limbs (fracture, dislocation, crushing, contusion) in a single area

Note: given the setting, confirmation by means of diagnostic tests and procedures is not required for recruitment; the

suspicion of involvement of a single area is sufficient

Moderate-to-severe pain (Numerical Rating Scale score C 4)

Exclusion criteria

Personal or family history (parents or siblings) of malignant hyperthermia

History of serious adverse reactions to inhalation anaesthetics

History of renal or liver failure

Dynamics of at-risk trauma (ejection from the vehicle, deformation of the cockpit or cabin, death of an occupant in the

same vehicle, impact of motor vehicle/pedestrian or cyclist with a motor vehicle in motion or a projection or overhang,

fall from a height of[ 3 metres, extrication at the site of the event[ 20 min)

Altered level of alertness and/or consciousness [Glasgow Coma Scale (GCS)\ 15]

Symptomatic hypotension or systolic arterial pressure\ 100 mmHg

Dyspnoea with respiratory rate[ 20 and oxygen saturation (SpO2) in ambient air\ 95%

Lactation and known or suspected pregnancy as reported by the patient

Note: a delay of even 1 day from the scheduled date of menstruation (28 days from the beginning of the last

menstruation) is considered as a suspected pregnancy

Hypersensitivity to methoxyflurane, to any fluorinated anaesthetic or to the excipient butylated hydroxytoluene E321

Ongoing treatment with any analgesic for chronic pain or in the previous 5 h (8 h in the case of diclofenac)

Known, concomitant allergy to both paracetamol and non-steroidal anti-inflammatory drugs (NSAIDs)

Known hypersensitivity to morphine

All forms of acute abdominal and paralytic ileus

Heart failure

Recent (within 2 months) bile duct surgery

Bronchial asthma attack in progress

Uncontrolled epilepsy

Depressive state with monoamine oxidase inhibitors treatment in progress or suspended for less than 3 weeks

Treatment with naltrexone

History of active or recurrent/haemorrhaging peptic ulcer (two or more separate episodes of demonstrated ulceration or

bleeding in the last 6 months)

Haemorrhagic diathesis
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baseline and at 3, 5, 10, 15, 20, 25 and 30 min,
or until rescue medication is administered. The
patient will be asked to respond to the question
‘‘How much pain do you feel at this moment?’’
by independently marking a vertical line on the
VAS that best represents their state and signing
and dating the record. Given the emergency/
rescue setting and the short detection times for
the variable, a specially trained healthcare pro-
fessional may assist the patient by administer-
ing the VAS and recording the value and time if
required, but the patient must authenticate this
with a signature and date as soon as they are
able. The time of onset of pain relief as reported
by the patient will be recorded. For patients
randomised to methoxyflurane, it will be noted
(yes/no) whether the patient covered the diluter
hole during inhalation. Use of rescue medica-
tion (yes/no), including the type, dose and time

after randomisation (if applicable), will be
recorded.

At 30 min after randomisation, the patient
will be asked to rate the overall efficacy of the
study treatment and the healthcare professional
will rate the practicality of using the study
treatment. Both will be rated on a 5-point Likert
qualitative scale (‘‘Poor’’, ‘‘Fair’’, ‘‘Good’’, ‘‘Very
Good’, or ‘‘Excellent’’).

Adverse events (not related to the trauma
presentation) will be recorded from the time of
randomisation until the safety follow-up tele-
phone call at 14 ± 2 days after treatment. Vital
signs (supine systolic and diastolic blood pres-
sure, heart rate and respiration rate) will be
measured at baseline (if not already assessed
during the selection phase) and at 10 and
30 min after randomisation. Concomitant
therapies taken by the patient within 7 days

Table 1 continued

Current intensive diuretic therapy

Chronic dyspepsia, gastritis with episodes occurring in the last 2 months

Leucopenia and thrombocytopenia, patients with ongoing haemorrhaging

Current treatment with anticoagulants

Fig. 1 Methoxyflurane inhaler with activated carbon chamber
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Table 2 Trial objectives and endpoints

Objective Endpoint

Primary objective

To demonstrate that the efficacy of inhaled methoxyflurane

in acute cases (within 10 min) is non-inferior to the SoC

for the treatment of moderate-to-severe pain (IV

morphine/ketoprofen/paracetamol)

Change in VAS pain intensity from baseline

(randomisation) to 3, 5, and 10 min (all patients)

Co-primary objective

To demonstrate that the efficacy of inhaled methoxyflurane

is superior to that of the SoC for the treatment of

moderate pain (IV ketoprofen/paracetamol)

Change in VAS pain intensity from baseline

(randomisation) to 3, 5 and 10 min (patients with

moderate pain only)

Secondary objectives

To demonstrate that the efficacy of inhaled methoxyflurane

in acute cases (within 10 min) is superior to the SoC for

the treatment of moderate-to-severe pain (IV morphine/

ketoprofen/paracetamol)

Change in VAS pain intensity from baseline

(randomisation) to 3, 5, and 10 min (all patients)

To compare the efficacy of inhaled methoxyflurane with

SoC in terms of the use of additional analgesia (rescue

medication) in acute cases

Percentage of patients resorting to additional analgesia

(rescue medication) within 30 min (all patients)

To compare the efficacy of inhaled methoxyflurane with

SoC in the treatment of moderate-to-severe acute pain

(after 15, 20, 25, and 30 min)

Change in VAS pain intensity from baseline

(randomisation) to 15, 20, 25 and 30 min (all patients)

To compare the efficacy of inhaled methoxyflurane with

SoC in terms of the rate of onset of the analgesic effect

Time from randomisation to the onset of pain relief (all

patients)

To compare inhaled methoxyflurane with SoC in terms of

efficacy in the opinion of the patient and the practicality

of use in the opinion of the healthcare professional

Rating of study treatment efficacy as perceived by the patient

and rating of the practicality of study treatment assessed by

the healthcare professional who administered the

treatment, assessed using a 5-point Likert scale 30 min

after randomisation (all patients)

To assess the safety and tolerability of inhaled

methoxyflurane and the comparison treatments

Incidence of adverse events and vital signs measurements at

10 and 30 min after randomisation (all patients)

Exploratory objectives

To assess the efficacy of inhaled methoxyflurane and SoC

with regard to trauma category (fracture, dislocation,

crushing, contusion)

Change in VAS pain intensity from baseline

(randomisation) to 3, 5, 10, 15, 20, 25, and 30 min (all

patients, by trauma category)

To describe how many patients resort to closure of the

diluter hole during self-administration of inhaled

methoxyflurane

Percentage of patients who resort to closure of the diluter

hole (patients randomised to methoxyflurane)
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prior to inclusion in the trial and during the
following 14 days, including rescue medication
use, will be recorded. Additionally, the final
diagnosis of the trauma category (fracture, dis-
location, crushing, contusion) will be recorded
during the safety follow-up telephone call. All
data collected during the trial will be entered
into an eCRF system accessible via the internet.

Sample Size Estimate

The primary objective to show non-inferiority
of methoxyflurane compared to SoC will be
evaluated on the basis of the difference in the
change from baseline (randomisation) in VAS
pain intensity at 3, 5 and 10 min. Assuming a
non-inferiority margin of 1.0, a standard devi-
ation of 2.5 [22] and a significance level of 0.05,
a sample size of 108 patients per treatment
group will provide a power of 90%. Allowing for
20% of patients being non-evaluable, a total of
136 patients per treatment group are required to
be randomised. The co-primary objective was
not considered in the sample size calculation
because enrolment will not be balanced by
baseline pain severity, and the number of
patients enrolling with severe pain (NRS C 7)
will be unpredictable. The robustness of the
obtained estimates for the co-primary endpoint
will be appropriately studied and commented
on during analysis.

Statistical Analyses

The primary objective is to demonstrate non-
inferiority of methoxyflurane versus SoC with
regard to the change in VAS pain intensity from
baseline (randomisation) to 3, 5 and 10 min
(primary endpoint). The primary endpoint will
be analysed using a repeated-measures analysis
of covariance (ANCOVA) adjusted for baseline
VAS score, and the interaction between time
point and treatment. The statistical model will
be used to calculate the treatment difference
(methoxyflurane–SoC) and associated 95%
confidence interval (CI) at each time point; the
primary analysis is the overall test for treatment
effect considering all three time points. Non-
inferiority will be concluded if the estimated

upper 95% confidence limit is below the non-
inferiority margin of 1.0. The co-primary
objective to demonstrate superiority of
methoxyflurane versus IV paracetamol/keto-
profen in patients with moderate pain (NRS
4–6) at baseline, and the secondary objective to
demonstrate superiority of methoxyflurane
versus SoC across all patients, will each be
evaluated using a similar repeated-measures
ANCOVA on the primary endpoint. For sec-
ondary and exploratory VAS pain intensity
endpoints, the mean change from baseline at
each time point will be estimated with 95% CI
in each treatment group.

For other secondary endpoints, the percent-
age of patients who resort to additional anal-
gesia (rescue medication) will be compared
between the treatment groups using a Z test.
The time from randomisation to the onset of
pain relief will be described for each treatment
group using Kaplan–Meier curves and, if
appropriate, compared between the treatment
groups using a Cox proportional hazards model.
For patient ratings of efficacy and healthcare
professional ratings of practicality of study
treatment, the percentage of patients in each
response category will be calculated for each
treatment group and, if appropriate, the pro-
portions will be compared between the treat-
ment groups using a Chi squared test. The
proportion of patients in the methoxyflurane
treatment group who resort to closure of the
diluter hole (exploratory endpoint) will be
evaluated as a relative frequency with 95% CI.

Adverse events will be coded using the Med-
ical Dictionary for Regulatory Activities and sum-
marised descriptively (using absolute
frequencies and percentages) for each treatment
group. The mean change from baseline (ran-
domisation) to 10 and 30 min for each vital sign
parameter will be calculated with relative 95%
CIs for each treatment group. All efficacy and
safety analyses will be performed using the
intention-to-treat population, defined as all
randomised and eligible patients who received
study treatment. No imputation of missing data
is anticipated, therefore only patients with
available data will be considered for each
analysis.
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Strengths and Limitations of the Study

The trial is designed to compare the efficacy and
safety of low-dose methoxyflurane versus the
SoC for acute trauma-related pain. The medi-
cations which constitute the SoC in Italy are IV
morphine for severe pain (NRS C 7) and IV
paracetamol or ketoprofen for moderate pain
(NRS 4–6). Morphine is generally accepted as
the ‘‘gold standard’’ for the treatment of severe
pain. The choice of two comparators for the
treatment of moderate pain reflects the hetero-
geneity of treatment available in the country
and also allows for a therapeutic alternative in
the event that the patient is allergic to parac-
etamol or NSAIDs. These treatments are com-
monly implemented in pain management
guidelines [11, 14] and have been shown to be
effective options for the management of mod-
erate-to-severe musculoskeletal pain [31–33].
The definitive SoC in Italy will allow for a clear
and consistent comparative treatment arm,
while the co-primary objective will allow a
separate comparison of methoxyflurane versus
IV paracetamol/ketoprofen for moderate pain. A
similar randomised controlled trial has recently
completed in Spain [34], where there is no well-
established standard of analgesic treatment or
clinical guidelines for managing trauma pain,
therefore methoxyflurane was compared with
the SoC for the individual study site.

Risks for the patient randomised to treat-
ment with methoxyflurane are considered to be
minimal. With over 40 years of clinical use as an
analgesic in Australia and New Zealand and
over 5 million administrations to date,
methoxyflurane has an established safety profile
and has no clinically significant effects on sys-
tolic blood pressure, pulse rate, respiratory rate
or consciousness levels [35, 36]. The most
common adverse events are headache and
dizziness; adverse events are generally mild and
transient, resolving after inhalation is stopped
[16]. Although nephrotoxicity was previously a
concern with much higher anaesthetic doses of
methoxyflurane [17], clinical experience sug-
gests that a low but effective analgesic dose is
not associated with the risk of renal adverse
events [18]. Laboratory evidence shows a large
safety margin for analgesic use of

methoxyflurane; the maximum exposure from a
single inhaler is 0.3 alveolar concentration
(MAC)-hours, which is well below the reported
level of risk of nephrotoxicity of 2.0 MAC-hours
[18]. Furthermore, a retrospective linkage study
of 17,629 patients exposed to at least one dose
of methoxyflurane for pre-hospital analgesia
showed that methoxyflurane was not associated
with an increased risk of renal or hepatic failure
[37].

Pain assessment for the purposes of verifying
trial eligibility will be performed using the
11-point NRS (ranging from 0 ‘‘no pain’’ to 10
‘‘worst possible pain’’). The NRS score is the
most frequently used clinical and emergency
tool for pain surveys due to the ease with which
the measurement can be administered and col-
lected [38]. For this reason, many of the guide-
lines on the use of pain therapy are based on the
NRS score and the related classification (NRS
1–3 = mild pain; NRS 4–6 = moderate pain;
NRS C 7 = severe pain). The 100-mm pain VAS
(0 = no pain to 100 = maximum pain) will be
used for assessing pain intensity as an efficacy
endpoint in this trial, as it is a more sensitive
tool (allowing the patient to mark a point on
the scale that is measured to the nearest mm),
and will permit direct comparison of data from
this study with data from the STOP! study [22].
The pain VAS is frequently used in pain studies
because is easy to use, requires no verbal or
reading skills, and is sufficiently versatile to be
employed in a variety of settings [39, 40].

A limitation of the trial is its open-label
design. A double-blind study, while ideal from a
methodological perspective, was not feasible
due to the different routes of administration
and unique characteristics of the trial treat-
ments (methoxyflurane has a distinctive fruity
smell). Although this could potentially be
overcome using a double-dummy design, this is
not practical nor ethical in the context of the
trial setting, where the additional time taken to
dispense and administer two treatments would
delay treatment and prolong pain for the
trauma patient.
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Ethics and Dissemination

The MEDITA trial is sponsored by Mundi-
pharma Pharmaceuticals S.r.l. and will be con-
ducted in accordance with International
Council on Harmonization Good Clinical Prac-
tice adhering to the ethical principles of the
Declaration of Helsinki (1964 and subsequent
amendments), as well as national and local
guidelines. The trial has been approved by the
Italian Medicines Agency and is registered with
the European Union Clinical Trials Register
(EudraCT number 2017-001565-25) and Clini-
calTrials.gov (NCT03585374). All trial docu-
ments and procedures will be reviewed and
approved by the appropriate Ethics Committees
at each site. Written informed consent will be
obtained from all patients before initiation into
the trial. Given the emergency setting and the
requirement for rapid analgesia, where the
patient is unable to provide written informed
consent, witnessed verbal consent will be
obtained, with the patient signing the informed
consent as soon as they are able.

CONCLUSION

Inhaled analgesic methoxyflurane has a number
of characteristics that make it an attractive
option as a pre-hospital and ED analgesic. It is
portable, non-invasive, non-narcotic, simple to
use and the patient can manage their own level
of analgesia [16]. The STOP! study demonstrated
a fast onset of pain relief for methoxyflurane
(within 4 min) [22], comparable with the onset
of both IV morphine [41] and inhaled N2O [42],
and high patient satisfaction with the efficacy
and tolerability of treatment. Methoxyflurane
does not interfere with most other anaesthetic
or analgesic agents, and its effects are rapidly
reversed once inhalation stops (within
3–20 min), thus it does not limit subsequent
assessment and treatment options [16]. Low-
dose methoxyflurane analgesia may therefore
address an unmet need in the emergency set-
ting and provide simple, fast and effective pain
relief able to avoid unnecessary suffering and
improve patient flow. With methoxyflurane
having recently been licensed in Europe for use

in adult patients with trauma-associated pain, it
is anticipated that the results of this study,
along with findings of other recent studies
[34, 43], can provide additional clinical evi-
dence to help inform treatment choices for
acute trauma-related pain in the ED.
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42. Ducassé JL, Siksik G, Durand-Béchu M. Nitrous
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