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ABSTRACT

Introduction: The inhalational analgesic low-
dose methoxyflurane has been widely used by
Australian ambulance services since 1975 and is
now approved in Europe for emergency relief of
moderate-to-severe trauma-related pain in con-
scious adult patients. The use of methoxyflu-
rane in hostile environments is of special
interest given its portability, ease of use and
rapid onset of action. This trial will investigate
the efficacy, tolerability and practicality of use
of inhaled methoxyflurane in patients with
moderate-to-severe trauma-related pain rescued
from hostile mountainous environments by the
Helicopter Emergency Medical Service (HEMS)
in Italy.

Methods: METEORA is a phase IIIb, prospec-
tive, single-arm, multicentre trial. Approxi-
mately 200 adult patients with a pain score of at
least 4 on the numerical rating scale (NRS) due
to limb trauma rescued by HEMS will be enrol-
led. Patients will receive up to 2 9 3 mL
methoxyflurane, self-administered by the
patient by inhalation under medical supervi-
sion. Rescue medication will be permitted if
required.
Planned Outcomes: Pain intensity will be
measured using a 100-mm visual analogue scale
(VAS) at baseline, at 5, 10, 15, 20, 30, 45 and
60 min after the start of methoxyflurane
inhalation and when positioning the patient on
a spinal board or stretcher; and also using the
NRS at enrolment and at 10 min. Use of rescue
medication (yes/no) will be recorded. The
patient will rate efficacy and the healthcare
professional will rate practicality of
methoxyflurane treatment at 30 and 60 min
using a 5-point Likert scale. Vital signs will be
measured at baseline, 10, 30 and 60 min.
Assessments after 30 min will only be per-
formed for patients using a second inhaler.
Adverse events will be recorded until safety
follow-up at 3 ± 1 days. The primary endpoint
is the percentage of patients achieving at least
30% improvement from baseline in VAS pain
intensity within the first 10 min of
methoxyflurane administration.
Trial Registration: EudraCT number:
2017-004601-40.

Enhanced digital features To view enhanced digital
features for this article go to https://doi.org/10.6084/
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PLAIN LANGUAGE SUMMARY

The treatment of pain is an essential part of the
management of injured patients. In emergency
rescue situations, rapid and effective pain relief
can reduce the patient’s stress and discomfort,
making it easier to assess, treat and extricate
them. Currently available painkillers have lim-
itations such as being slow to work (oral medi-
cations), requiring needles (intravenous
medications) or prolonged monitoring and
observation (e.g. opioids). An inhaled painkiller
(methoxyflurane) is now available in Europe for
emergency relief of moderate-to-severe pain in
conscious adult patients with trauma (injury)
and associated pain. Methoxyflurane is admin-
istered via a hand-held inhaler, which provides
pain relief within 6–10 inhalations and lasts for
25–30 min, on average, when used continu-
ously. The patient can control his/her own level
of pain relief and a second inhaler may be used
if required. Methoxyflurane has been widely
used by Australian ambulance services since
1975 and its effectiveness and safety are well
established. Considering its ease of use and
rapid action, inhaled methoxyflurane may be
useful in emergency situations in remote and
hostile environments. A new trial (METEORA)
will assess the use of methoxyflurane in 200
patients with limb injuries who are rescued
from mountainous environments by the Heli-
copter Emergency Medical Service (HEMS) in
Italy. Patients with moderate-to-severe pain will
receive inhaled methoxyflurane under medical
supervision. A second inhaler and/or additional
pain-relieving medication will be provided if
necessary. The trial will assess the reduction in
pain intensity and whether additional pain-re-
lieving medication is needed. The practicality of
use of methoxyflurane in the emergency rescue
situation and any side effects will also be
evaluated.

Keywords: Acute pain; Analgesic; HEMS
(Helicopter Emergency Medical Service);
Inhaled analgesic; Methoxyflurane; Penthrox;
Prehospital; Trauma

INTRODUCTION

The treatment of pain is important in the
management of trauma patients, both as a
fundamental human right and because intense
pain can cause clinical deterioration [1].
Numerous studies have demonstrated that
inadequate pain treatment can lead to cardio-
vascular, respiratory, gastrointestinal, urological
and infection complications [2]. In emergency
rescue situations, effective analgesia reduces the
patient’s physiological and psychological stress
and aids extrication and procedural interven-
tions such as realignment and splinting of
fractures. However, the undertreatment of acute
pain (‘‘oligoanalgesia’’) in the pre-hospital
emergency setting remains a significant prob-
lem [2, 3]. Albrecht and colleagues reported a
prevalence of oligoanalgesia of 43% in a 10-year
retrospective study of adult trauma patients
transported by a physician-staffed air-medical
transport system in Switzerland [4]. More
recently, Oberholzer and coworkers reported an
incidence of 38% in a similar setting [5].

In Europe, commonly used analgesics for
trauma pain include paracetamol, non-steroidal
anti-inflammatory drugs, nitrous oxide, keta-
mine and opioids [3, 6–8]. Besides analgesic
efficacy, safety profile and ease of use will
influence the treatment choice, particularly in
emergency situations in remote and/or hostile
environments where cannulation may be diffi-
cult or where bulky equipment cannot be car-
ried. Opioids are generally administered
intravenously and require continuous physio-
logical monitoring during use due to their
challenging safety profile. Ketamine is a non-
opioid option used by some helicopter emer-
gency services [8], but is usually administered
intravenously, causes sedation and is mostly
used as an adjuvant to opioid analgesics for
severe pain [9]. Fentanyl (by intranasal or oral
transmucosal route) or intranasal ketamine may
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be an analgesic option but are not suitable for
patients with facial trauma. Transmucosal fen-
tanyl is only indicated for breakthrough cancer
pain, and not traumatic pain, in many coun-
tries. Nitrous oxide requires heavy, bulky
cylinders and is contraindicated in any condi-
tion where gas is entrapped within the body and
where expansion might be dangerous (e.g.
pneumothorax, air embolism, pneumo-
cephalus) [10]. According to the Italian Inter-
society Recommendations (SIAARTI, SIMEU, SIS
118, AISD, SIARED, SICUT, IRC) on emergency
pain management, ‘‘The ideal pre-hospital
analgesic should be simple to use, safe, effective,
unaffected by transport times, have a rapid
onset, a short duration of action, and able to be
titrated to achieve the desired effect in all
patients’’ [11]. These ideal characteristics could
be even more relevant in the helicopter rescue
of a traumatized patient from a hostile
environment.

The inhalational analgesic low-dose
methoxyflurane has been used extensively by
Australian ambulance and air ambulance ser-
vices and emergency departments since the
1970s and has recently been licensed in Europe
for emergency relief of moderate-to-severe pain
in conscious adult patients with trauma and
associated pain [12]. Low-dose methoxyflurane
is a non-narcotic agent that is self-administered
by the patient via a lightweight, disposable,
hand-held inhaler (Penthrox�, Medical Devel-
opments International Limited, Scoresby Medi-
cal, Australia) under the supervision of a trained
person, with a maximum dose of two 3-mL vials
in a 24-h period [12]. Low-dose methoxyflurane
has been shown to provide effective short-term
pain relief in both adults and children in
emergency medicine [13–20] and minor surgical
and dental procedures [21–28]. Methoxyflu-
rane’s rapid onset (within 4–5 min [15, 16]) and
proven stability over a wide temperature range
(- 20 to 40 �C), combined with its portability
and ease of use, make it a suitable candidate for
analgesia in emergency situations in hostile
environments [29].

Although there are many studies published
in the scientific literature that support the effi-
cacy and safety of methoxyflurane for analgesic
use in both adult and paediatric patients, few

randomised controlled trials (RCTs) have been
conducted. The STOP! study was a UK-based
RCT that demonstrated significantly greater
reductions in pain intensity, median time to
pain relief of 4 min, along with significantly less
use of rescue medication and high patient sat-
isfaction in patients treated with methoxyflu-
rane compared with placebo [15], but has the
limitation of being placebo- and not active-
controlled. A prospective RCT is currently
underway to assess the efficacy and rapidity of
the analgesic effect of inhaled methoxyflurane
compared with standard of care in the treat-
ment of moderate-to-severe trauma-related pain
in the pre-hospital (ambulance) and emergency
department setting (MEDITA study, EudraCT
2017-001565-25 [30]). The study will expand
the efficacy data available for methoxyflurane
from RCTs. The use of methoxyflurane in hos-
tile environments, where mobilization of the
patient is difficult, is of special interest given its
ease of use and rapid onset of action. Therefore,
a second trial, which we describe here, has been
launched to assess the efficacy, tolerability and
practicality of use of inhaled methoxyflurane in
the treatment of moderate-to-severe trauma-re-
lated pain in this specific setting.

METHODS

Trial Design

The trial is a phase IIIb, prospective, single-arm,
open-label, multicentre clinical evaluation of
inhaled methoxyflurane for the emergency
treatment of moderate-to-severe trauma-related
pain in patients rescued from hostile moun-
tainous environments by the Helicopter Emer-
gency Medical Service (HEMS) (METEORA;
study code MR311-3505; EudraCT
2017-004601-40). The study is being conducted
at approximately 11 helicopter rescue bases
belonging to the HEMS association in Italy (i.e.
in the pre-hospital setting). HEMS bases were
chosen according to the geographical features
of the areas of intervention (mountain bases)
and possibility of using a rescue winch [31].

Conscious adult, stable, alert and co-opera-
tive patients with minor trauma to the limbs
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(fracture, dislocation, luxation, crushing or
contusion) in a single area and a pain score of at
least 4 on the 11-point numerical rating scale
(NRS) who are rescued via the HEMS will be
assessed for eligibility in the trial. Full inclusion
and exclusion criteria are presented in Table 1.
It is planned to enrol a total of 200 patients.
Patients will receive up to two 3-mL inhaled
methoxyflurane vials and undergo trial assess-
ments in a single day (the day of enrolment),
with a follow-up telephone call 3 ± 1 days later

to assess safety and record any concomitant
therapies.

Trial Treatment

After eligibility is confirmed and baseline
assessments have been completed, patients 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

Table 1 Patient eligibility criteria

Inclusion criteria

Age C 18 years

Stable, alert and co-operative patient, i.e. able to understand and communicate with the investigator in order to perform

the trial activities

Minor trauma to the limbs (fracture, dislocation, luxation, crushing or 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) secondary to minor trauma

Written informed consent should be given by each patient before any trial-specific activity. In cases where the patient is

not able to write autonomously, verbal consent must be obtained in the presence of an impartial witness, and the

patient will be required to confirm independently as soon as he/she is able

Exclusion criteria

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

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

History of serious adverse reactions to inhalation anaesthetics

History of renal or liver failure

Clinically evident cardiovascular instability

Clinically evident respiratory depression

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

Ongoing treatment with any analgesic for chronic pain or such treatment within the previous 8 h

Acute intoxication due to medications, drugs or alcohol

Imminent risk to life requiring hospitalisation in the operating room or resuscitation

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

2084 Adv Ther (2018) 35:2081–2092



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 self-administer methoxyflurane via inhala-
tion under the supervision of trained healthcare
personnel. Patients will be instructed to breathe
intermittently to obtain adequate analgesia.
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. A second
inhaler will be provided if requested by the
patient, but no patient will receive a dose
greater than 6 mL methoxyflurane. All patients
enrolled into the trial will receive the same trial
treatment (up to 6 mL inhaled methoxyflurane)
regardless of pain severity.

If a patient experiences insufficient analge-
sia, rescue medication will be permitted from
25 min after the start of inhalation and mea-
surement of pain relief for this time point.

However, the investigator may administer res-
cue medication at any time at his/her discre-
tion. Rescue medication will be chosen and
administered according to local clinical practice
and recorded in the case report form (CRF).

Trial 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 in patients rescued in a hostile
environment. The objectives of the trial and
associated endpoints are presented in Table 2.
Pain intensity will be assessed using a 100-mm
visual analogue scale (VAS; 0 = no pain to
100 = maximum pain) at baseline (immediately
before the start of treatment) and at 5, 10, 15,
20, 30, 45 and 60 min after the start of
methoxyflurane inhalation or until rescue
medication is administered. The assessments of
VAS pain intensity at 45 and 60 min will only be
performed for patients who request a second
methoxyflurane inhaler. VAS pain intensity will
also be assessed when positioning the patient
on a spinal board or stretcher. The patient will

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 inhaled methoxyflurane is effective

within 10 min in the treatment of moderate-to-severe

acute trauma pain

Percentage of patients achieving C 30% improvement from

baseline in VAS pain intensity within the first 10 min of

methoxyflurane administration

Change in pain intensity as measured using the VAS from

baseline to up to 10 min after the start of methoxyflurane

administration

Secondary objectives

To assess the efficacy of inhaled methoxyflurane in the

treatment of moderate-to-severe acute trauma pain (after

5, 10, 15, 20, 30, 45 and 60 min)

Percentage of patients achieving C 30% improvement from

baseline in VAS pain intensity and an NRS score of 0–3

within the first 10 min of methoxyflurane administration

Change in VAS pain intensity at 5, 10, 15, 20 and 30 min

after the start of methoxyflurane administration, and at 45

and 60 min if using a second methoxyflurane inhaler

Percentage of patients achieving C 50% improvement from

baseline in VAS pain intensity within the first 10 min of

methoxyflurane administration

Intensity of pain as measured using the VAS when

positioning the patient on a spinal board or stretcher

Percentage of patients using a second methoxyflurane inhaler

To assess the efficacy of inhaled methoxyflurane in the

treatment of moderate-to-severe acute trauma pain in

terms of the use of additional analgesia (rescue

medication)

Percentage of patients resorting to additional analgesia

(rescue medication) within 30 min after the start of

methoxyflurane administration

To assess the efficacy of inhaled methoxyflurane in the

opinion of the patient and the practicality of using the

device in the opinion of the healthcare provider

Satisfaction with efficacy of methoxyflurane treatment,

assessed by the patient using a 5-point Likert scale at

30 min (and 60 min if using a second inhaler)

Satisfaction with practicality of methoxyflurane, assessed by

the healthcare provider using a 5-point Likert scale at

30 min (and 60 min if the patient uses a second inhaler)

To assess the safety and tolerability of inhaled

methoxyflurane

Incidence of adverse events

Progress of vital signs measured at 10 and 30 min after

baseline measurement (and at 60 min if the patient uses a

second methoxyflurane inhaler)
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be asked to respond to the question ‘‘How much
pain do you feel at this moment?’’ by marking a
vertical line on the paper VAS that best repre-
sents their state. The VAS is designed to be self-
administered but given the emergency rescue
setting and the short detection times for the
variable, a specially trained healthcare profes-
sional may assist the patient to complete the
VAS if required. Pain intensity will also be
measured on the NRS scale at enrolment and
10 min after the start of methoxyflurane
inhalation. Whether patients receive a second
methoxyflurane inhaler or additional analgesia
(rescue medication) will be recorded.

At 30 min after the start of methoxyflurane
inhalation, the patient will be asked to rate the
overall efficacy of methoxyflurane treatment by
answering the question ‘‘Altogether, how do
you rate the efficacy of the pain therapy that
was given to you?’’ At the same time point, the
healthcare worker (investigator) who has
administered the trial treatment will rate the
practicality of using methoxyflurane by
answering the question ‘‘Altogether, how do
you rate the practicality of the pain therapy you
have given?’’ Each will be rated on a 5-point
Likert qualitative scale (‘‘poor’’, ‘‘fair’’, ‘‘good’’,
‘‘very good’’ or ‘‘excellent’’). The same assess-
ments will be repeated at 60 min if the patient
uses a second methoxyflurane inhaler.

Adverse events (not related to the trauma
presentation) will be recorded from the start of
treatment until the safety follow-up telephone
call 3 ± 1 days later. Vital signs (supine systolic
and diastolic blood pressure, heart rate and
respiration rate) will be measured at enrolment
and at 10, 30 and 60 min after the start of

methoxyflurane inhalation (60 min vital signs
assessment is only required if the patient uses a
second methoxyflurane inhaler). Concomitant
therapies taken by the patient within 7 days
prior to inclusion in the trial and during the
following 3 days, including rescue medication
use, will be recorded. Additionally, the final
diagnosis of the trauma category (fracture, dis-
location, luxation, crushing, contusion) will be
recorded at the end of the intervention or dur-
ing the safety follow-up telephone call. All data
collected during the trial will be recorded on a
paper CRF.

Sample Size Estimate

The primary objective will be evaluated on the
basis of the change from baseline in VAS pain
intensity within the first 10 min of
methoxyflurane administration. Assuming a
responder rate (patients achieving C 30%
improvement from baseline in VAS pain inten-
sity) under the null hypothesis with H0 equal to
70% and a significance level of 0.05 (two-tailed
test), a sample size of 180 evaluable patients will
provide 82% power to detect a difference (P1 -

P0) of - 0.10. Allowing for 10% of patients
being non-evaluable, it is planned to enrol a
total of 200 patients into the trial.

Statistical Analyses

All trial data will be summarised using descrip-
tive statistics. For quantitative variables, this
will include the number of patients evaluated,
mean, standard deviation, minimum, maxi-
mum and distribution quartiles. For qualitative

Table 2 continued

Objective Endpoint

Exploratory objectives

To assess the efficacy of inhaled methoxyflurane with

respect to the type of trauma (fracture, dislocation,

luxation, crushing, contusion)

Efficacy of inhaled methoxyflurane with respect to the type

of trauma (fracture, dislocation, luxation, crushing,

contusion)

NRS numerical rating scale, VAS visual analogue scale
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variables, this will include absolute frequencies
and percentages at each time point.

The primary population for efficacy analyses
will be the intention-to-treat (ITT) population
(defined as all patients who receive
methoxyflurane and have at least one post-
baseline assessment of VAS pain intensity).
Confirmatory analyses will be performed on the
per-protocol population (defined as all patients
in the ITT population without any major pro-
tocol violations). The primary endpoint is the
percentage of patients achieving at least 30%
improvement from baseline in VAS pain inten-
sity within the first 10 min of methoxyflurane
administration. The reduction in VAS pain
intensity from baseline to 10 min after the start
of methoxyflurane administration will also be
assessed by means of an inferential comparison;
a paired sample t test is proposed for this. The
test will calculate the difference between the
VAS pain intensity scores at the two time points
for each patient and test if the mean is different
from 0. The reported test result will indicate the
correlation index between the two time points,
the difference between the means, the t test and
the 95% confidence interval of the difference
between the means. Changes in VAS pain
intensity from baseline to 5, 10, 15, 20, 30, 45
and 60 min will be analysed using a generalised
linear model for repeated measures including
trauma category as a factor and age and baseline
NRS score as covariates.

Safety parameters will be summarised for the
safety population (defined as patients who
receive at least one dose of methoxyflurane).
Adverse events will be coded using the Medical
Dictionary for Regulatory Activities and sum-
marised by system organ class and preferred
term.

STRENGTHS AND LIMITATIONS
OF THE STUDY

The portability and ease of use of methoxyflu-
rane combined with its rapid onset of action
(within 6–10 inhalations [15]) and stability over
a wide temperature range make it an ideal can-
didate for emergency analgesia in trauma
patients rescued in hostile environments by

HEMS. Considering its fast offset of action
(within 3–20 min) and lack of interaction with
other agents [12], it may also be employed as a
useful bridging analgesic prior to intravenous
opioid administration or further medical
assessment.

A clear limitation of the trial is that it is
open, single-arm and non-comparative. How-
ever, it would be logistically challenging and
unethical to perform a blinded comparative
study in helicopter emergency situations where
time and staff are limited and rapid analgesia is
vital to make trauma patients more comfort-
able and aid extrication. Furthermore,
methoxyflurane has a unique mode of action
and characteristic smell, which makes blinding
of treatment difficult. Nevertheless, the trial
should still provide valuable insight into the
effectiveness, safety and practicality of
methoxyflurane analgesia in HEMS and hostile
environments.

Risks to the patient receiving methoxyflu-
rane are considered to be minimal. With over
40 years of clinical use as an analgesic in Aus-
tralia and New Zealand and over 5 million
administrations to date, methoxyflurane has an
established safety profile. The most common
adverse events are related to the central nervous
system (e.g. headache, dizziness and somno-
lence) and are generally mild and transient,
resolving after inhalation is stopped [12]. In
total, less than 20 adverse event reports have
been submitted to the Australian regulatory
authorities since methoxyflurane became avail-
able as a 3-mL dose for analgesic use [32].
Although nephrotoxicity was previously a con-
cern with much higher anaesthetic doses of
methoxyflurane [33], clinical experience sug-
gests that a low but effective analgesic dose
within permitted limits is not associated with
the risk of renal adverse events [15, 16, 34], and
a large data-linkage study including 17,629
patients administered low-dose methoxyflurane
during ambulance transport [35] supports the
conclusion that low-dose methoxyflurane is not
associated with an increased risk of renal dis-
ease. Laboratory evidence shows a large safety
margin of at least 2.7- to 8-fold for analgesic use
of methoxyflurane based on minimum alveolar
concentration (MAC)-hours or serum fluoride
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concentrations [34], and at least 10-fold based
on occupational methoxyflurane exposure
levels without the AC chamber [36]. The AC
chamber adsorbs methoxyflurane to reduce
occupational exposure by more than 80% and is
mandatory for use across Europe. Analgesic
methoxyflurane has no clinically significant
effects on cardiovascular or respiratory param-
eters or consciousness levels [37, 38]. Low-dose
methoxyflurane is contraindicated in patients
hypersensitive to the agent or to any fluorinated
anaesthetics, patients at risk for malignant
hyperthermia, patients showing signs of liver
damage after previous methoxyflurane use or
halogenated hydrocarbon anaesthesia, and
those with clinically significant renal impair-
ment, an altered level of consciousness, clini-
cally evident cardiovascular instability or with
clinically evident respiratory depression [12].

Two unidimensional pain scales (the
11-point NRS and the 100-mm VAS) will be used
for assessment of pain intensity in this study.
The NRS score is the most frequently used
clinical and emergency tool for pain surveys
owing to the ease with which the measurement
can be administered and collected [39], and
many of the guidelines 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)
[11, 40]. Therefore, the NRS will be used for the
purposes of verifying trial eligibility and will
also be used as a secondary efficacy measure.
The 100-mm pain VAS is a more sensitive tool
(allowing the patient to mark a point on the
scale that is measured to the nearest millimetre)
and will be used as the primary measure for
assessing pain intensity in this trial. The pain
VAS is frequently used in pain studies because it
is easy to use, requires no verbal or reading skills
and is sufficiently versatile to be employed in a
variety of settings [41, 42]. The NRS and VAS are
valid and reliable for clinical use [43] and have
been shown to correspond well [39]. Both scales
are designed to be completed by the patient
themselves; however, considering the emer-
gency conditions and possible immobility of
the patient, a specially trained healthcare
worker may assist the patient in completing the
scales in this trial.

ETHICS AND DISSEMINATION

The METEORA trial is sponsored by Mundi-
pharma Research Limited and will be conducted
in accordance with International Council on
Harmonization Good Clinical Practice 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
2017-004601-40). All trial documents and pro-
cedures 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 require-
ment 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

Low-dose methoxyflurane has been shown to
provide rapid analgesia in the emergency set-
ting and has a well-established safety profile.
Given its ease of administration and portability,
inhaled low-dose methoxyflurane may offer
advantages over other analgesic options in
emergency situations in remote and hostile
environments. It is anticipated that the results
of this study in Italian HEMS, along with find-
ings of other recent and ongoing studies
[30, 44, 45], will provide further clinical evi-
dence to support the use of methoxyflurane in
this setting.

ACKNOWLEDGEMENTS

The investigators of the METEORA Group are
listed in the Supplementary Materials. � Pen-
throx is a registered trade mark of Medical
Developments International Limited and used
under license.

Adv Ther (2018) 35:2081–2092 2089



Funding. This trial is funded by Mundi-
pharma Research Limited. Costs for article pro-
cessing and Open Access were funded by
Mundipharma Pharmaceuticals srl.

Editorial Assistance. Editorial assistance in
the preparation of this manuscript was provided
by Karen Mower of Scientific Editorial. Support
for this assistance was funded by Mundipharma
Research Limited.

Authorship. All authors had access to the
protocol and Statistical Analysis Plan. All
named authors meet the International Com-
mittee of Medical Journal Editors (ICMJE) cri-
teria for authorship for this manuscript, take
responsibility for the integrity of the work as a
whole, and have given final approval to the
version to be published.

Disclosures. Franco Marinangeli has noth-
ing to disclose. Giorgio Reggiardo is an
employee of the clinical research organization
conducting the study. Antonella Sblendido is an
employee of Mundipharma Pharmaceuticals srl.
Amedeo Soldi is an employee of Mundipharma
Pharmaceuticals srl. Alberto Farina is an
employee of Mundipharma Pharmaceuticals srl.

Compliance with Ethics Guidelines. The
trial will be conducted in accordance with the
principles established in the Declaration of
Helsinki and the International Conference on
Harmonization guidelines for good clinical
practice. All trial documents and procedures
will be approved by the appropriate ethics
committees at each site, and written informed
consent (or verbal witnessed consent) will be
obtained from all patients before initiation into
the study.

Data Availability. Data sharing is not
applicable to this article as no datasets have
been generated or analyzed during the current
study.

Open Access. This article is distributed
under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/

by-nc/4.0/), which permits any noncommercial
use, distribution, and reproduction in any
medium, provided you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons license, and
indicate if changes were made.

REFERENCES

1. Elsensohn F. Consensus guidelines on mountain
emergency medicine and risk reduction. Lecco:
Casa Editrice Stefanoni; 2001.

2. Marinangeli F, Narducci C, Ursini ML, et al. Acute
pain and availability of analgesia in the prehospital
emergency setting in Italy: a problem to be solved.
Pain Pract. 2009;9:282–8.

3. Mura P, Serra E, Marinangeli F, et al. Prospective
study on prevalence, intensity, type, and therapy of
acute pain in a second-level urban emergency
department. J Pain Res. 2017;10:2781–8.

4. Albrecht E, Taffe P, Yersin B, Schoettker P, Decos-
terd I, Hugli O. Undertreatment of acute pain
(oligoanalgesia) and medical practice variation in
prehospital analgesia of adult trauma patients: a
10 yr retrospective study. Br J Anaesth.
2013;110:96–106.

5. Oberholzer N, Kaserer A, Albrecht R, et al. Factors
influencing quality of pain management in a
physician staffed helicopter emergency medical
service. Anesth Analg. 2017;125:200–9.

6. Dißmann PD, Maignan M, Cloves PD, Parres B,
Dickerson S, Eberhardt A. A review of the burden of
trauma pain in emergency settings in Europe. Pain
Ther. 2018. https://doi.org/10.1007/s40122-018-
0101-1.

7. Berben SAA, Schoonhoven L, Meijs THJM, van Vugt
AB, van Grunsven PM. Prevalence and relief of pain
in trauma patients in emergency medical services.
Clin J Pain. 2011;27:587–92.
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