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ABSTRACT

Introduction: Inhaled low-dose methoxyflu-
rane is approved in Europe for emergency relief
of moderate-to-severe trauma-related pain in
adults, but data versus active comparators are
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sparse. The phase IlIb Methoxyflurane in Emer-
gency Department in ITAly (MEDITA) trial
investigated the analgesic efficacy, practicality
and safety of methoxyflurane versus standard
analgesic treatment (SAT) for acute trauma pain.
Methods: This was a randomised, active-con-
trolled, parallel-group, open-label trial con-
ducted in 15 Italian emergency units. Adults
with limb trauma and pain score >4 on
numerical rating scale (NRS) were randomised
1:1 to inhaled methoxyflurane 3 mL or SAT
[intravenously administered (IV) morphine
0.1 mg/kg for severe pain (NRS>7);, IV
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paracetamol 1g or IV ketoprofen 100 mg for
moderate pain (NRS 4-6)]. The primary end-
point was overall change in visual analogue
scale (VAS) pain intensity from baseline (time of
randomisation) to 3, 5 and 10 min. Non-inferi-
ority and superiority of methoxyflurane versus
SAT were concluded if the upper 95% confi-
dence interval (CI) for the treatment compar-
ison (methoxyflurane-SAT) was less than 1 and
less than O, respectively.

Results: Between 8 February 2018 and 8
February 2019, 272 patients were randomised
(136 per treatment group). A total of 270
patients (mean age S1 years; 49% male; 34%
with severe pain; mean baseline VAS 67 mm)
were treated and analysed for efficacy and
safety. Superiority of methoxyflurane was
demonstrated for moderate-to-severe pain (ad-
justed mean treatment difference — 5.94 mm;
95% CI — 8.83, — 3.06 mm), moderate pain
(= 5.97 mm; 95% CI — 9.55, — 2.39 mm) and
severe pain (— 5.54mm; 95% CI — 10.49,
— 0.59 mm). Median onset of pain relief was
9 min for methoxyflurane and 15 min for SAT.
Practicality of methoxyflurane treatment was
rated “Excellent”, “Very Good” or “Good” by
90% of clinicians vs. 64% for SAT. Adverse
events (all non-serious) were reported by 17% of
methoxyflurane-treated patients and 3% of
SAT-treated patients.

Conclusion: Methoxyflurane provided superior
pain relief to SAT in patients with moderate-to-
severe trauma pain and may offer a simple, fast,
effective non-opioid treatment option.

Trial  registration: Trial registered with
EudraCT (2017-001565-25) on 2 March 2018
and ClinicalTrials.gov (NCT03585374) on 13
July 2018.

Funding: Mundipharma Pharmaceuticals S.r.I.
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INTRODUCTION

Pain is the most common complaint of trauma
patients attending the emergency department

(ED), with prevalence of 70% reported in the
prehospital setting and 91% in EDs [1, 2].
However, undertreatment of pain (oligoanalge-
sia) remains a widespread problem in the
emergency setting [3-6]. Various reports have
attributed oligoanalgesia to failure to assess/
underestimation of pain by healthcare workers
[7-9], lack of national/institutional guidelines
for pain management [8-10] and limitations of
currently available therapies [9].

Treatment options for acute pain manage-
ment include paracetamol, non-steroidal anti-
inflammatory drugs (NSAIDs) and weak opioids
for mild to moderate pain, and strong opioid
analgesics for severe pain [11], although there is
considerable heterogeneity in the therapeutic
approach across FEurope. Paracetamol and
NSAIDs are weak analgesics with slow onset of
action when administered orally, and risk of
overdose if the patient has previously self-
medicated. Furthermore, NSAIDs can be associ-
ated with gastrointestinal problems, nephropa-
thy, cardiovascular disorders, and reduced
fracture healing. Strong opioid analgesics are
controlled drugs that require patient monitor-
ing for potential side effects such as respiratory
and central nervous system depression, nausea
and vomiting. Intravenously administered (IV)
analgesia, while aiding onset of action, requires
additional healthcare resource, can be distress-
ing for the patient and may be difficult in
emergency rescue situations. There is rising use
of alternative non-opioid and multimodal
analgesic therapies such as subdissociative-dose
ketamine and nitrous oxide [12]. Nitrous oxide
(50:50 with oxygen) has the benefit of being
non-invasive and non-narcotic with quick onset
of action, rapid reversibility and few side effects
[13-15], but the gas canisters are cumbersome
and impractical when attending emergency
situations in the field [16] and it should not be
used if the patient has any condition where air
is trapped in the body and expansion would be
dangerous [17]. Thus, there is an unmet need
for a rapid-acting, safe, effective and easy-to-use
treatment for trauma pain in the emergency
setting.

Methoxyflurane is a volatile inhalational
analgesic that provides rapid short-term anal-
gesia using a portable hand-held inhaler device
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(Penthrox®, 3 mL dose; Medical Developments
International, Scoresby, Australia) and may
provide an effective non-narcotic option for
emergency pain management in the prehospital
and ED setting. Methoxyflurane is self-admin-
istered by the patient, has a rapid onset of
action (within around 4 min or 6-10 inhala-
tions [18, 19]), its effects are quickly reversed
(within 3-20 min after inhalation stops) and
there are no reported drug interactions at anal-
gesic doses [19]. These characteristics make
methoxyflurane suitable for use as a sole agent,
or as a bridging agent to other analgesia, and its
use may have an opioid-sparing effect. One
inhaler (3mL methoxyflurane) provides
25-30min of analgesia with continuous
inhalation [19]; or approximately 1 h of anal-
gesia under intermittent inhalation conditions
[20]. Low-dose methoxyflurane analgesia has a
well-established safety profile: no respiratory
depression or clinically significant effects on
vital signs have been reported and adverse
events (AEs) are usually transient and self-lim-
iting [18-21].

Methoxyflurane has been used extensively in
Australia and New Zealand as emergency and
procedural analgesia for more than 40 years
[21-23], and is now licensed in Europe and
other territories for the emergency relief of
moderate-to-severe pain associated with trauma
in conscious adult patients [24]. Its use as
emergency analgesia is supported by robust data
in the literature [21-23]. To date, key data in
Europe are from STOP!, a randomised, double-
blind, placebo-controlled UK study in 300
patients with acute trauma pain (baseline score
of 4-7 on the 11-point numeric rating scale,
NRS) [18, 25, 26]. STOP! showed a significantly
greater reduction in visual analogue scale (VAS)
pain scores overall for methoxyflurane vs. pla-
cebo (— 30.2 vs. — 15.2 mm, p < 0.0001) with a
median time to first pain relief of 4 vs. 10 min
[18]. More recently, the InMEDIATE study
demonstrated a significantly greater decrease in
NRS pain intensity over the first 20 min of
treatment for methoxyflurane vs. standard
analgesic treatment chosen by the treating
physician according to local protocols (— 2.5 vs.
— 1.4, p <0.001), with a median time to first
pain relief of 3 vs. 10 min (p < 0.001) in 305

trauma patients in Spanish EDs [18]. Both
studies showed high patient and healthcare
professional (HCP) satisfaction with
methoxyflurane treatment [18]. However,
additional comparative studies versus the best
currently available therapeutic options are nee-
ded to fully elucidate the place of methoxyflu-
rane in emergency analgesia, including in
extreme conditions such as helicopter rescue,
which is the subject of an ongoing interven-
tional study [27].

The aim of the present study was to compare
the short-term pain relief (up to 30 min after
randomisation) and safety with inhaled
methoxyflurane versus standard analgesic
treatment (SAT) in adult patients presenting to
[talian emergency medical centres with acute
trauma-related pain. SAT comprised IV mor-
phine for severe pain (NRS > 7) and IV parac-
etamol or IV ketoprofen for moderate pain (NRS
4-6), consistent with Italian recommendations
on pain management in the emergency setting
[28].

METHODS

Study Design

Methoxyflurane in Emergency Department in
ITAly (MEDITA) was a phase IIIb, randomised,
active-controlled, parallel-group, open-label
study conducted at 15 emergency medical cen-
tres (both prehospital and ED settings) in Italy.
Adult patients with moderate-to-severe trauma-
related pain were randomised 1:1 to receive
methoxyflurane or SAT. All study procedures
were performed on the day of enrolment, with a
follow-up telephone call 14 + 2 days later to
record any AEs and concomitant therapies. The
full methodology for this study has previously
been reported [29-31].

The study was approved by the Italian
Medicines Agency (AIFA). The co-ordinating
ethics committee, Comitato Etico Regione Tos-
cana—Area Vasta Centro, Florence, Italy,
approved the trial protocol on 1 December
2017. In addition, all study documents and
procedures were reviewed and approved by the
appropriate ethics committees at each centre
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(see Table S2 in the electronic supplementary
material for list of all ethics committees). All
procedures performed in studies involving
human participants were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants included in the study. Given the
emergency setting and the requirement for
rapid analgesia, if the patient was unable to
provide written informed consent, witnessed
verbal consent was obtained, with the patient
signing the informed consent as soon as they
were able.

Participants

Patients aged at least 18 years with trauma
(fracture, dislocation, crushing, contusion) to a
single limb and an NRS pain score > 4 present-
ing at the hospital for triage or rescued in the
prehospital environment through the Italian
emergency medical service were eligible for the
study. Patients had to be medically stable, alert
and collaborative, and able to communicate
with the investigator to perform the study
activities, including providing informed con-
sent. Exclusion criteria included ongoing anal-
gesic treatment for chronic pain or use of any
other analgesic in the previous Sh (8h for
diclofenac), pregnancy or lactation, dynamics
of at-risk trauma, and contraindications to
methoxyflurane administration as per the
Summary of Product Characteristics (SPC) [19]
or to any of the SAT. Full inclusion and exclu-
sion criteria have previously been reported [29].

Randomisation and Blinding

Patients were randomised to study treatment
(methoxyflurane or SAT) via a centralised
Interactive Web Response System that guaran-
teed allocation concealment, set up within the
electronic case report form (eCRF). Randomisa-
tion was in a block randomisation scheme of
four without stratification. As a result of the
different routes of administration, need for

rapid analgesia and characteristic fruity smell of
methoxyflurane, study treatment was adminis-
tered in an open-label fashion, commencing as
soon as possible after randomisation.

Description of the Interventions

Patients randomised to methoxyflurane
received one hand-held inhaler with a 3-mL vial
of methoxyflurane. Following patient allocation
to the experimental group, the methoxyflurane
inhaler (Penthrox) was prepared by trained
study HCP by adding the methoxyflurane liquid
in the vial to the inhaler via a one-way valve,
where it is absorbed by a polypropylene wick.
Once absorbed, the liquid vaporizes and the
patient inhales the wvapour through the
mouthpiece. Methoxyflurane was self-adminis-
tered by the patient under the supervision of a
trained study HCP. The patient was instructed
to inhale intermittently from the device and
could control their own level of analgesia by
inhaling more or less frequently, or covering
the diluter hole at the mouthpiece end with
their index finger to obtain greater analgesia.
The patient was also instructed to exhale back
into the mouthpiece, so that any exhaled
methoxyflurane was adsorbed by the activated
charcoal chamber, preventing release of
methoxyflurane in the vicinity of the patient.
One inhaler (3 mL methoxyflurane) was expec-
ted to provide approximately 1 h of analgesia
under suggested intermittent inhalation condi-
tions, or 25 min with continuous inhalation
(19, 20].

Patients randomised to SAT received anal-
gesic medications that currently comprise
standard analgesic treatment in Italy, deter-
mined on the basis of the intensity of the
patient’s pain. Patients with severe pain (NRS
> 7) received IV morphine (0.10 mg/kg).
Patients with moderate pain (NRS 4-6) received
IV paracetamol (1 g) or IV 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. The
IV treatment was diluted and infused over
10 min as soon as possible after allocation of the
patient to the control group. Venous access was
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Screened (n=272)
Randomised (n=272)
Allocated to methoxyflurane Allocated to SAT
(0=136) (n=136)
Did not take drug correctly® Withdrew consent
and unacceptable delay to immediately after enrolment
recording of VAS pain and no recording of VAS
(2=1) pain (n=1)
Received SAT

Received methoxyflurane
(n=135)

(n=135)

Completed study to Day 14£2 (n=135)

Discontinued (n=5)
Lost to follow-up 5

Completed study to Day 14+2 (n=128)

Discontinued (n=7)
Lost to follow-up 6
Decision of investigator/sponsor 1

ITT and safety populations (n=135)

PP population (n=134)
Unacceptable delay to recording
of VAS pain 1

Fig. 1 Study flow chart. Note: patients may have had
more than one reason for exclusion from the PP
population. a Methoxyflurane was added to the wrong
inhaler hole (in the carbon chamber not the base of the

obtained prior to randomization according to
local clinical practice.

Rescue medication was permitted for
patients in either treatment group from 25 min
after randomisation (after measurement of pain

ITT and safety populations (n=135)

PP population (n=130)
Unacceptable delay to recording
of VAS pain 4
NRS=8 but received paracetamol
instead of morphine 1
NRS=7 but received ketoprofen
instead of morphine 1

inhaler). ITT intention-to-treat, NRS numeric rating scale,
PP per-protocol, SAT standard analgesic treatment, VAS
visual analogue scale

relief for this time point), or earlier at the
investigator’s discretion if the patient’s pain
worsened, or improvement was insufficient.
Rescue medication was administered according
to local practice.
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Outcomes

The primary outcome was the change in VAS
pain intensity from baseline (time of randomi-
sation) to 3, 5 and 10 min, with a secondary
outcome of the change in VAS pain intensity
from baseline to 15, 20, 25 and 30 min. Pain
intensity was measured by asking the patient to
respond to the question “How much pain do
you feel at this moment?” by marking a
0-100 mm VAS, where O=no pain and
100 = maximum pain. Pain intensity assess-
ments ceased if rescue medication was admin-
istered. Given the emergency/rescue setting and
the acute nature of the endpoint, a specially
trained HCP could assist the patient in com-
pleting the VAS, if required, in which case the
patient authenticated the recording with a sig-
nature and date as soon as they were able. While
the NRS was considered adequate for enrol-
ment, VAS pain intensity was chosen as the
primary endpoint because it is evaluated on a
continuous scale, thus increasing the sensitivity
and power of the study.

Further secondary outcomes were the use of
rescue medication, the time of onset of pain
relief as subjectively reported by the patient,
ratings of study treatment efficacy by the
patient, and ratings of the practicality of study
treatment by the treating HCP. The patient
rated the overall efficacy of the study treatment
and the HCP rated the practicality of using the
study treatment on a 5-point Likert qualitative
scale (“Poor”, “Fair”, “Good”, “Very Good” or
“Excellent”) at 30 min after randomisation. An
exploratory outcome was the proportion of
patients in the methoxyflurane group resorting
to closure of the diluter hole (to administer a
higher concentration of methoxyflurane).

Secondary safety outcomes were the inci-
dence of AEs, and vital sign measurements at
baseline and 10 and 30 min after randomisa-
tion. AEs (not related to the trauma presenta-
tion) were recorded from the time of
randomisation until the safety follow-up tele-
phone call at 14 + 2 days after treatment. The
final diagnosis of the trauma category (fracture,
dislocation, crushing, contusion) was also
recorded during the safety follow-up telephone
call. All data collected during the trial were

Table 1 Patient characteristics (ITT population)

Characteristic Methoxyflurane Standard analgesic

(N = 135) treatment
(N = 135)

Age (years)

Mean (SD)  50.8 (18.35) 51.5 (19.25)
Range 18-91 18-95

Gender [ (%)]

Male 70 (51.9) 62 (45.9)
Female 65 (48.1) 73 (54.1)

Race [ (%)]

Caucasian 127 (94.1) 130 (96.3)
Asian 4 (3.0) 0

Black 3 (2.2) 2 (15)
Other 1(07) 3(2.2)

Bascline pain group [7 (%)]

Moderate 86 (63.7) 91 (67.4)
[NRS 4-6]
Severe 49 (36.3) 44 (32.6)
[NRS > 7]

Suspected injury type at inclusion [7 (%)]
Contusion 72 (53.3) 60 (44.4)
Fracture 38 (28.1) 43 (31.9)
Dislocation 19 (14.1) 21 (15.6)
Crushing 6 (44) 11 (8.1)

Final diagnosis [2 (%)]

Fracture 64 (47.4) 60 (44.4)
Contusion 39 (28.9) 38 (28.1)
Dislocation 29 (21.5) 32 (23.7)
Crushing 3 (22) 5 (3.7)

ITT intent-to-treat, NRS numeric rating scale, SD stan-
dard deviation

entered into an eCRF system accessible via the
internet and fully monitored by clinical
research associates to ensure data quality; in
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Table 2 Analysis of change from bascline in VAS pain intensity up to 10 min (ITT population)

Estimated treatment effect
(95% confidence interval)

Population  Time Estimated mean change from baseline (95% confidence
point interval)

(min) Methoxyflurane

Standard analgesic

treatment
All patients 3 — 629 (— 7.94, — 4.64) — 256 (— 421, — 091)  — 3.73 (— 6.06, — 1.40)°
W=270) 4 1485 (= 17.16, — 12.54)  — 7.99 (= 1030, — 5.68) — 686 (— 10.13, — 3.59)"
10 — 23.04 (— 25.84, — 20.23) — 15.80 (— 18.60, — 13.00) — 7.24 (— 11.20, — 3.27)*
Primary Overall — 1473 (— 1677, — 12.69) — 8.78 (— 10.82, — 6.75) — 5.94 (— 8.83, — 3.06)*
endpoint
Moderate 3 — 7.07 (— 9.16, — 4.99) — 345 (— 548, — 1.42) — 3.63 (— 654, — 0.72)°
pain 5 — 1470 (— 17.58, — 11.82) — 8.96 (— 11.75, — 6.16) — 5.75 (— 9.76, — 1.73)*
W =177) 10 — 2357 (— 2697, — 20.18) — 15.04 (— 18.34, — 11.75) — 8.53 (— 13.26, — 3.80)°
Co-primary Overall — 15.12 (— 17.68, — 12.55) — 9.15 (— 11.64, — 6.66) — 5.97 (— 9.55, — 2.39)°
endpoint
Severe pain 3 — 4.69 (— 727, — 2.11) — 0.96 (— 3.68, 1.76) — 373 (— 7.48, 0.024)
W=9) 4 — 1489 (— 1880, — 10.99) — 626 (— 1038, — 2.13) — 8.64 (— 1432, — 2.96)*
10 — 2187 (— 2693, — 1681) — 17.62 (— 22.96, — 12.28) — 425 (— 11.61, 3.12)
Exploratory Overall — 1382 (— 17.22, — 1042) — 828 (— 11.87, — 4.69) — 5.54 (— 1049, — 0.59)*
endpoint

ITT intent-to-treat, VAS visual analogue scale
* Mean difference significant at the 0.05 level (Bonferroni adjustment for multiple comparisons)

addition, the three highest-recruiting centres
underwent external audit.

Obijectives

The primary objective of the trial was to
demonstrate non-inferiority of methoxyflurane
compared to SAT in Italy (IV morphine/keto-
profen/paracetamol) for the treatment of mod-
erate-to-severe acute pain in terms of the
primary outcome in all study patients, with a
secondary objective to demonstrate superiority
of methoxyflurane compared to SAT for the
same endpoint. The co-primary objective was to
demonstrate superiority of methoxyflurane
compared to SAT (IV ketoprofen/paracetamol)
for the treatment of moderate acute pain in
terms of the primary outcome in patients with

baseline NRS 4-6. All other study objectives are
detailed in the protocol publication [29].

Sample Size

A sample size of 108 patients per treatment
group was estimated to provide 90% power to
determine non-inferiority of methoxyflurane
versus SAT for the primary outcome measure,
assuming a non-inferiority margin of 1.0, a
standard deviation of 2.5 [18] and a significance
level of 0.05. Allowing for 20% of patients being
non-evaluable, it was planned to randomise a
total of 136 patients per treatment group. The
co-primary objective was not considered in the
sample size calculation because enrolment was
not balanced by baseline pain severity;
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«Fig. 2 Change from baseline in VAS pain intensity +
standard error of the mean (ITT population). a All
patients (N = 270). b Patients with moderate pain (NRS
4-6) at baseline (N = 177). c Patients with severe pain
(NRS > 7) at baseline (N = 93). ITT intention-to-treat,
NRS numerical rating scale, SAT standard analgesic
treatment, VAS visual analogue scale

therefore, the number of patients enrolling with
moderate pain was unpredictable.

Statistical Analysis

The primary outcome measure was analysed
using a linear mixed-effect model for repeated
measures adjusted for baseline VAS score, and
the interaction between time point and treat-
ment. The statistical model was used to calcu-
late the treatment difference
(methoxyflurane — SAT) and associated 95%
confidence interval (CI) at 3, 5 and 10 min for
all patients, and patients with moderate pain
(NRS 4-6) at baseline. The primary analysis was
the overall test for treatment effect considering
all three time points; non-inferiority was to be
concluded if the estimated upper 95% confi-
dence limit was below 1.0 and superiority was to
be concluded if the estimated upper 95% con-
fidence limit was below 0. The mean change
from baseline with 95% CI was estimated for
each group at 15, 20, 25 and 30 min after ran-
domisation (secondary outcome).

It was planned to compare the percentage of
patients who resorted to rescue medication
between the treatment groups using a Z test;
however, as a result of the low number of
patients resorting to additional analgesia, the
non-parametric Fisher’s exact test was used.
Kaplan-Meier curves were used to present the
time from randomisation to the onset of pain
relief for each treatment group and, if appro-
priate, the treatment groups were compared
using a Cox proportional hazards model. For
patient efficacy ratings and HCP practicality
ratings, the percentage of patients in each
response category was compared between the
treatment groups using a Mann-Whitney U test.
The proportion of patients in the

methoxyflurane treatment group who resorted
to closure of the diluter hole was evaluated as a
relative frequency with 95% CI
(Clopper-Pearson).

AEs were coded using the Medical Dictionary
for Regulatory Activities version 22.0 and sum-
marised descriptively (using absolute frequen-
cies and percentages) for each treatment group.
All efficacy and safety analyses were performed
using the intention-to-treat (ITT) population.
No imputation of missing data was performed;
therefore, only patients with available data were
considered for each analysis. Randomisation, or
the time at which treatment was assigned, rep-
resents the baseline time to which all the times
of observation for the study endpoints refer.

RESULTS

Study Participants

Between 8 February 2018 and 8 February 2019,
272 patients were screened and randomised. Of
these, 270 patients (135 per treatment group)
received study treatment and were included in
the efficacy (ITT) and safety analyses (Fig. 1). All
except 5 patients (3.7%) in the methoxyflurane
group and 7 patients (5.2%) in the SAT group
completed the study to day 14 + 2. Six patients
in the ITT population had major protocol
deviations and were excluded from the per-
protocol population; results were very similar
for both analysis populations; therefore, only
the results for the ITT population are presented.
Demographic and baseline characteristics were
comparable for both treatment groups (Table 1),
with an overall mean age of 51 years (range
18-95 years), an even gender split and 95% of
patients Caucasian. Approximately two-thirds
of patients had moderate pain (NRS 4-6) and
one-third had severe pain (NRS > 7) at inclu-
sion. In the SAT group, 80/91 (88%) patients
with moderate pain received IV paracetamol
and 11/91 (12%) received 1V ketoprofen, while
42/44 (95%) patients with severe pain received
IV morphine (one received paracetamol and
one received ketoprofen in error). Patients most
commonly presented with contusion, fracture
or dislocation (Table 1). Compliance with VAS
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pain assessments was high, with at least 99% of
patients completing the assessment at each
specified time point.

Efficacy Results

The overall change in VAS pain intensity in the
first 10 min (all patients) was significantly
greater in the methoxyflurane group compared
with the SAT group (adjusted mean treatment
difference — 5.94mm; 95% CI - 8.83,
— 3.06 mm; p < 0.001), demonstrating both
non-inferiority (upper 95% CI <1, primary
objective) and superiority (upper 95% CI <0,
secondary objective) of methoxyflurane versus
SAT (Table 2). Similar results were obtained for
patients with moderate pain (— 5.97 mm; 95%
CI — 9.55, — 2.39 mm; p =0.001, co-primary
objective) and patients with severe pain
(— 5.54mm; 95% CI — 10.49, — 0.59 mm;
p=0.029, post hoc exploratory analysis)
(Table 2). The estimates at each individual
observation time (3, 5, 10 min) also demon-
strated non-inferiority and superiority of
methoxyflurane versus SAT in all patients and
patients with moderate pain; in patients with
severe pain, non-inferiority was demonstrated
at 3 min and superiority was shown at 5 min
(Table 2). Analysis of changes in VAS pain
intensity from baseline to 15, 20, 25 and 30 min
(all patients) showed a significant treatment
difference in favour of methoxyflurane at
15 min (— 5.27 mm; 95% CI — 9.71, — 0.83 mm;
p=0.020), 20min (- 5.89mm; 95% CI
— 10.60, — 1.17 mm; p =0.015) and 25 min
(— 5.04mm; 95% CI — 9.99, — 0.08 mm;
p = 0.046), but not 30 min (— 5.01 mm; 95% CI
—10.14, 0.13 mm; p = 0.056). The mean change
from baseline in VAS pain intensity at each time
point up to 30 min is presented graphically for
all patients, patients with moderate pain and
patients with severe pain in Fig. 2. Exploratory
analysis of the primary outcome measure by
injury type (contusion/dislocation/fracture)
showed that the change from baseline was sig-
nificantly lower than O at all time points up to
30 min in both treatment groups, except at
3min in the methoxyflurane group for the
dislocation subgroup, and at 3 min in the SAT

group for the fracture subgroup. According to
the statistical analysis plan, a head-to-head
comparison according to injury type was not
performed. However, the results of this analysis
support the significant trend in favour of
methoxyflurane independently of the injury
type, with a slightly larger effect in contusions
and dislocations than in fractures, as clinically
expected. TableS1 in the electronic supple-
mentary material shows change in VAS pain
intensity by injury type.

The time to onset of pain relief was reported
by 110 patients (82.7%) in the methoxyflurane
group and 105 patients (78.9%) in the SAT
group. The median time to onset of pain relief
was shorter in the methoxyflurane group
(9 min; 95% CI 7.72, 10.28 min) compared with
the SAT group (15min; 95% CI 14.17,
15.83 min). The Kaplan-Meier curves confirm a
better onset of action with methoxyflurane up
to approximately 20 min (Fig. 3); however, after
this time point the curves converged; therefore,
the Cox proportional hazards model was not
used to compare treatment groups since the
assumption of proportional risks was not met.
The Gehan-Breslow-Wilcoxon test was used
to examine the difference between the
Kaplan-Meier curves, showing a significant
treatment difference in favour of methoxyflu-
rane (p < 0.001). Rescue medication use was low

1.0 Treatment

Methoxyflurane
SAT

14 14 4
s @ 3
1 |

yet experienced the event “pain relief”.
o
o

Cumulative proportion of patients who have not

0.0+

0.00 5.00 1000 1500 2000 2500  30.00
Time to pain relief (min)

Fig. 3 Kaplan—Meier plot of time to onset of pain relief.
The Kaplan—Meier curve represents an estimate of the
cumulative proportion of patients who have not yet
experienced onset of pain relief. Higher curves indicate
longer time to pain relief. No censoring was performed
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A) P=0.001 Table 3 Adverse events (safety population)
/—%\
100% Number (%) of Methoxyflurane Standard
90% patients (N = 135) analgesic
80% M Excellent treatment
(N = 135)
70%
g  Very Good All AEs Related All Related
g o 36.8 AEs®  AEs  AEs*
L oot
3 Any adverse 23 17 4 (3.0) 2 (1.5)
“o% o7 event 17.0)  (12.6)
30% Fair
27.1 Euphoric mood 5 (37) S(37) 0 0
20%
18.
0% ° m Poor Somnolence 4300 430 o0 0
0% - - Nausea 3(2) 32 1(07) 0
Methoxyflurane SAT Dysgeusia 3(2) 32 0 0
(B) P<0.001 Feeling 3(22) 322 0 0
/—A—V
100% abnormal
90% Pyrexia 2(1s5) 0 0 0
B Excellent
é 80% Vertigo 2(15) 2(15) O 0
kel o
P m Very Good Presyncope 1(07) © 2 (1.5) 1(0.7)
S 60% .
e 40 Bronchitis 1(07) 0 0 0
§ 20% Good
£ Diplopia 107) 1(07) 0 0
S 40%
u\o: 30% Fair Dizziness 1(07) 1(0.7) 0 0
T 207 281 Fecling drunk 1 (07) 1(07) 0 0
10% = Poor Headache 1(07) 0 0 0
5 14
0% 521 Oral discomfort 1(0.7) 1(07) 0 0
Methoxyflurane SAT
Sedation 1(07) 1(07) 0 0
Fig. 4 Patient and healthcare professional-reported out- Vomiti 5 (1 )
comes (ITT population). a Overall treatment efficacy omiting 0 0 (15) 1(07)
evaluated by the patient. b Practicality of using study Constipation 0 0 1(0.7) 0
treatment evaluated by the healthcare professional o
Hyperhidrosis 0 0 1(07) 0
in both treatment groups, with three (2.2%) Hypotension 0 0 1(07) 1(07)
methoxyflurane-treated patients and five (3.7%) Pruritis 0 0 1(07) 0

SAT-treated patients resorting to rescue medi-
cation (p = 0.722). The proportion of patients in
the methoxyflurane group who resorted to clo-
sure of the diluter hole (to obtain greater anal-
gesia) was 13.0% (95% CI 9.2, 17.6%).

The overall efficacy of study treatment was
rated “Excellent”, “Very Good” or “Good” by
significantly more patients in the methoxyflu-
rane group compared to the SAT group (72.7%
vs. 60.9%; p=0.001; Fig.4a). Similarly,

Data are presented as number (%) of patients. Adverse
events (AEs) are presented by MedDRA preferred term in
decreasing order of frequency in the methoxyflurane group,
followed by the standard analgesic treatment group

* Events considered possibly or probably related to study
treatment by the investigator
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significantly more HCPs rated the practicality of
using study treatment as “Excellent”, “Very
Good” or “Good” for methoxyflurane than SAT
(90.3% vs. 64.4%; p < 0.001; Fig. 4b).

Safety Results

AEs are summarised in Table 3. Twenty-three
patients (17.0%) in the methoxyflurane group
and four patients (3.0%) in the SAT group
experienced AEs; none were serious. All except
two AEs (bronchitis in the methoxyflurane
group and pruritus in the SAT group, both
unrelated to study treatment) resolved by the
follow-up telephone call. Eight patients dis-
continued study treatment because of AEs
[euphoria (two patients), nausea (two patients),
feeling drunk, vertigo, dizziness and diplopia)
and two patients had a temporary discontinua-
tion of study treatment due to AEs (somnolence
and dysgeusia); all were in the methoxyflurane
group. Special safety events of interest were
pregnancy, misuse and abuse; no events of
pregnancy or abuse and one case of misuse
(methoxyflurane not taken correctly because of
error in preparing inhaler) were recorded. There
were no clinically notable changes from base-
line in mean vital sign parameters (electronic
supplementary material).

DISCUSSION

This trial demonstrated both non-inferiority
and superiority of methoxyflurane compared to
SAT in terms of the decrease in pain intensity
achieved in the first 10 min post baseline.
Methoxyflurane was superior to standard treat-
ment for both moderate pain (IV paracetamol or
ketoprofen) and severe pain (IV morphine).
Given the intravenous administration of the
comparator treatment, the change in the first
10 min post baseline reflected the most chal-
lenging comparison for methoxyflurane, and
was directly relevant to the indication for
methoxyflurane of emergency relief of moder-
ate-to-severe trauma pain [19]. Previous studies
have shown that methoxyflurane is effective at
the 20-min time point [18, 25, 26, 32], thus the
10-min endpoint utilized in this study provides

additional information about the efficacy pro-
file of inhaled methoxyflurane. The secondary
analysis of the change in VAS pain intensity to
later time points also showed significantly lar-
ger reductions in pain intensity for
methoxyflurane versus SAT up to 25 min.
Although in the present study patients were
provided with only one vial (3mL) of
methoxyflurane,  ensuring  approximately
25-60 min of effect, depending on frequency of
inhalation [19, 20], in clinical practice a second
3-mL dose could be administered if a longer
analgesic effect is required [19]. The absolute
mean change from baseline in VAS pain inten-
sity at 10 min for methoxyflurane in this study
(— 23 mm from a baseline mean of 67 mm) is
likely to represent a clinically meaningful
change according to previous estimates of
minimum clinically important difference in
acute pain of approximately 20% reduction on
the NRS [33] or approximately 13 mm on the
VAS [34, 35].

The median time from randomisation to
onset of pain relief was significantly shorter for
methoxyflurane (9 min) compared with SAT
(15 min) in this trial. This result was confirmed
by the Gehan-Breslow—Wilcoxon test compar-
ing the Kaplan-Meier curves. Given that the
standard analgesic treatments were all admin-
istered intravenously, this may reflect the time
taken to administer SAT as well as the onset of
analgesic action. The time of randomisation was
chosen as baseline with the specific intention of
investigating not only the intrinsic efficacy but
also the speed of drug administration in an
emergency context, characterized by the need
to intervene as quickly as possible to relieve the
patient’s pain while being able to continue with
the diagnostic-therapeutic  process. The
InMEDIATE study reported that the median
time to onset of pain relief from the start of
treatment was significantly shorter for
methoxyflurane (3 min) than SAT (10 min),
suggesting that the quicker onset of action of
methoxyflurane in the present study is not
solely due to the difference in time taken to
administer the treatment [32]. Similar to the
present study, most patients in the SAT group in
the InMEDIATE study received IV analgesics,
although the majority of patients with severe
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pain received first-step analgesics rather than
opioids. Median time to onset of pain relief for
methoxyflurane in the placebo-controlled UK
STOP! study was 4 min [18] (5 min in the adult
subgroup [25]).

The effectiveness as a short-term treatment
option for acute trauma pain, the ease of
preparation and administration of methoxyflu-
rane, and the fact that patients can self-admin-
ister treatment and control their own level of
analgesia have the advantage of lightening the
care burden in the ED compared with IV treat-
ments. This is supported by the HCP ratings of
the practicality of using study treatment, which
was rated as “Excellent”, “Very Good” or “Good”
in 90.3% of cases for methoxyflurane and 64.4%
for SAT. Methoxyflurane does not require
physiological monitoring during use, unlike
opioid analgesics, and does not have the asso-
ciated administration costs of IV morphine,
which have been estimated at €14-22 in terms
of workforce costs alone, rising considerably
when costs of morphine- and IV-related AEs are
included [36]. Inhaled methoxyflurane may also
be less stressful for the patient than intravenous
administration, and more practical in the out-
of-hospital environment.

Although more AEs were reported in the
methoxyflurane group (17%) compared with
the SAT group (3%), most of them were minor
and transient, and only eight patients (5.9%) in
the methoxyflurane group discontinued treat-
ment because of AEs. The STOP! and InMEDI-
ATE studies also reported higher AE rates for
methoxyflurane vs. placebo and active treat-
ment, respectively, but patient-reported out-
comes in these studies indicated high patient
acceptance of treatment. Indeed, 78% of adult
patients in STOP! rated methoxyflurane treat-
ment as excellent, very good or good [25], and
patients in INMEDIATE rated methoxyflurane a
median of 9 out of 10 for pain control, comfort
of treatment and safety (AEs) [32]. No effects of
methoxyflurane on vital sign parameters were
observed, consistent with reports from other
clinical trials in Europe [18, 25, 26, 32] and
findings of two observational studies including
1217 patients treated with methoxyflurane in
the prehospital setting in Australia [20, 37]. No

cases of methoxyflurane abuse were identified
in our study.

Strengths and Limitations

The study strengths include the multicentre,
randomised design, allocation concealment
(reflected by the homogeneous baseline data)
and comparison with an active comparator
treatment that reflects current practice in Italy
[28]. However, national- and local-level varia-
tions in pain management guidelines may limit
the generalizability of the results to some other
countries, and data from ongoing and recently
completed studies in other countries are awai-
ted [38, 39]. The current study results are robust;
consistent results were obtained for the primary
outcome measure across analyses of all patients,
patients with moderate pain treated with IV
paracetamol/ketoprofen, and patients with sev-
ere pain treated with IV morphine. Secondary
efficacy results for the onset of pain relief and
patient ratings of efficacy also supported the
conclusion of improved efficacy with
methoxyflurane versus SAT. The study popula-
tion included a broad range of adult patients
with acute trauma pain in terms of age, gender,
pain severity and injury type, reflecting a “real-
world” emergency setting.

A limitation of this trial is the open nature of
treatment administration. Although this design
presents an intrinsic bias, it was considered the
only practical option due to the nature of the
trial setting and of the treatments being studied.
A double-blind study, while ideal from a
methodological perspective, would not have
been feasible because of the different routes of
administering the two treatments, unless using
a double-dummy design. A double-dummy
design is difficult to apply in the context of
emergency medicine because of extremely tight
time frames and may also raise ethical issues, as
it could result in delayed administration of the
active drug and a prolongation of pain for the
patient with trauma. Finally, considering that
the literature reports that the intravenous route
is generally associated with a greater placebo
effect, and that the medications which consti-
tute SAT have widely been shown to be effective
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options for the management of moderate-to-
severe trauma pain, the risk of bias in patient
assessment is believed to be very limited in this
specific case. The choice of SAT for moderate
pain (IV ketoprofen or paracetamol) was dis-
cretional; however, most patients (88%)
received paracetamol, thus providing a rela-
tively consistent comparative treatment. We
did not perform laboratory safety tests in this
trial because of the setting and the lack of
opportunity for in-person follow-up with
patients; however, previous clinical studies have
identified no renal or liver concerns arising
from clinical laboratory evaluations performed
at baseline and follow-up (14 + 2 days) [18, 32].

CONCLUSION

Methoxyflurane provided superior pain relief to
SAT in patients with moderate-to-severe trauma
pain. Exploratory analysis also demonstrated
superiority of methoxyflurane versus IV mor-
phine in patients with severe pain over the first
10 min. Low-dose inhaled methoxyflurane may
therefore offer a simple, fast and effective non-
narcotic treatment option for the short-term
relief of moderate-to-severe trauma pain. Given
the heterogeneity of pain and pain manage-
ment, additional studies are needed that com-
pare methoxyflurane with other analgesic
modalities to help further inform physicians
regarding the appropriate use of methoxyflu-
rane in emergency medicine.
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