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Introduction: The undertreatment of acute pain presents a significant challenge in the
Emergency Department. This post hoc subgroup analysis of a previously reported randomized
controlled UK study reports the efficacy and safety of low-dose methoxyflurane analgesia in
treating adolescent patients with moderate-to-severe trauma pain.

Patients and methods: Three hundred patients (96 in the adolescent subgroup) aged >12
years requiring analgesia for acute trauma pain (pain score of 4-7 on the Numerical Rating
Scale) at triage were randomized 1:1 to methoxyflurane (up to 6 mL) or placebo (normal
saline), both administered using a Penthrox® inhaler. The patient could request rescue medica-
tion (paracetamol/opioids) at any time. The primary endpoint was the change from baseline in
visual analog scale (VAS) pain intensity.

Results: Mean VAS pain score for the adolescent subgroup at baseline was ~ 61 mm. Adjusted
mean change in VAS pain intensity from baseline to 5, 10, 15, and 20 minutes was —24.5, -28.1,
—31.6, and —31.7 mm for methoxyflurane and —14.6, —18.8, —19.2, and —23.7 mm for placebo,
with a statistically significant treatment effect in favor of methoxyflurane overall across all four
time points (-9.9 mm; 95% CI: —17.4, —2.4 mm; P=0.0104). Median time to first pain relief
was significantly shorter with methoxyflurane (1 minute) than placebo (3 minutes, P<0.0001).
Pain relief was reported within 1-10 inhalations in 95.7% of methoxyflurane-treated patients
and 64.6% of placebo-treated patients. Rescue medication was requested by two (4.3%)
methoxyflurane-treated patients and three (6.3%) placebo-treated patients. Over 95% of patients,
physicians, and nurses rated methoxyflurane treatment as “Excellent”, “Very Good” or “Good”
compared with between 64% and 68% for placebo. The incidence of adverse events was higher
with methoxyflurane (51%) than placebo (42%), mostly comprising mild/transient dizziness
and headache.

Conclusion: This subgroup analysis shows that low-dose inhaled methoxyflurane is a rapid-
acting and effective analgesic in adolescent patients presenting with moderate-to-severe trauma
pain.

Trial registration: Clinicaltrials.gov identifier: NCT01420159, EudraCT number:
2011-000338-12.
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Introduction

Pain is the most frequent complaint in the emergency setting,'? yet suboptimal evalu-
ation and treatment of acute pain are still common.?* This may be due to underas-
sessment of pain, especially if pain is evaluated based on visible signs rather than on
patient reports of pain.’ It has been demonstrated that nurses significantly underestimate
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acute musculoskeletal pain in adult patients in the emergency
department (ED).¢ Along with underassessment of pain, other
factors such as lack of formal training or practice variations
in pain management, time constraints, opiophobia, and access
to medications increase the likelihood of oligoanalgesia.*"#

Low frequency of pain severity assessment (~18%—32%)
has also been reported for children with acute pain and trau-
matic injuries in the prehospital setting.*!'! Fewer than half of
such patients receive analgesia from paramedics' ™" or within
1 hour of arrival at the ED." Younger patients are less likely
to have a documented assessment of pain intensity or receive
adequate pain medication.!'>!* Even when analgesia is pro-
vided, pediatric patients are frequently under-dosed' and only
a small proportion achieve adequate pain relief.'* Consequently,
assessment and management of pediatric pain in emergency
care is a research priority.'!” Intranasal (IN) or inhaled delivery
of analgesic agents allow rapid and simple drug administration
without the distress of intravenous (IV) placement or delay
while oral or topical analgesics take effect, and may provide
another option for the management of acute moderate-to-severe
pain in children both in the prehospital and ED settings.

Methoxyflurane has well documented analgesic properties
at low doses."® Since discontinuation of its use as an anesthetic
in the late 1970s due to reports of nephrotoxicity'>?! and the
introduction of newer anesthetic agents, methoxyflurane has
continued to be used in Australia and New Zealand (3 mL
dose in a handheld inhaler; Penthrox®, Medical Developments
International, Scoresby, VIC Australia) as a self-administered,
rapid-acting analgesic agent for short-term relief of acute pain
in adults and children in emergency medicine and for minor
surgical and dental procedures.”>* More recently, methoxy-
flurane has been licensed in Europe for the emergency relief
of moderate-to-severe pain in conscious adults with trauma
and associated pain,* as well as in other territories including
Asia, Eastern Europe, Latin America, South Africa, and the
Gulf Area. Methoxyflurane is administered via a lightweight,
handheld, green pen-shaped plastic disposable inhaler, which
in Europe is supplied with an activated carbon chamber to
reduce environmental exposure.

Studies of low-dose methoxyflurane indicate that it is an
efficacious analgesic in the ED and prehospital settings* 2’ and
for procedural analgesia.?® The physiochemical characteristics
of methoxyflurane mean that absorption is rapid, hence it has
a fast onset of analgesia (usually within 6-10 inhalations).**
Two observational case series,’**! a retrospective comparative
study vs [V morphine and IN fentanyl*? and a pilot randomized
controlled trial (RCT)* have also demonstrated rapid efficacy
and high patient/health care provider (HCP) satisfaction with

low-dose methoxyflurane analgesia in children with acute
trauma pain; however, there is a paucity of data for pediatric
patients from larger RCTs or outside of Australia.

The STOP! study was a UK-based RCT that investigated
the short-term efficacy and safety of low-dose methoxyflu-
rane analgesia (3 mL dose) for the treatment of moderate-
to-severe pain in 300 patients aged =12 years presenting to
the ED with moderate-to-severe trauma-related pain. The
results for the full study population’ and adult subgroup
aged >18 years® have previously been reported. The focus
of this secondary paper is a post hoc subgroup analysis that
evaluated efficacy and safety data for adolescent patients
aged 12—17 years inclusive.

Material and methods

Study design

STOP! was a randomized, double-blind, multicenter, placebo-
controlled study conducted at six EDs in the UK between
August 05,2011 and July 26, 2012. Patients presenting to the
ED with moderate-to-severe acute trauma-related pain were
randomized 1:1 to treatment with methoxyflurane (up to 2x3
mL) or placebo, each administered via a Penthrox inhaler,
as required while in the ED. Assessments including visual
analog scale (VAS) pain intensity, rescue medication use,
medication performance, and adverse events were performed
by a blinded research nurse in the ED, and a safety follow-up
visit was conducted 1412 days after ED discharge. The ran-
domized study population (N=300) included 96 adolescent
patients (aged 12—17 years) whose data are presented in this
report. The full methodology for this study has been previ-
ously described in the primary publication.** The study was
conducted in accordance with the Declaration of Helsinki,
International Council on Harmonization Good Clinical Prac-
tice, and local guidelines. The protocol and amendments were
reviewed and approved by each participating National Health
Service ethics committee and each study site’s research and
development department. Favorable opinion for the study was
received from the National Research Ethics Service (REC
reference 11/YH/0116). All patients (or the patient’s parent or
legal representative, if the patient was under 16 years of age)
provided written informed consent before study enrollment.

Study participants

Patient eligibility for the study was established at triage after
presentation to the ED. Patients aged 212 years with moder-
ate-to-severe pain (score of 4—7 on the 11-point Numerical
Rating Scale [NRS]) due to minor trauma and requiring
analgesia were enrolled. In this study, trauma referred to a
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physical wound or injury, such as dislocations, contusions,
fractures, lacerations, burns or injury due to a foreign body.
For this adolescent subgroup analysis, all patients were aged
12-17 years.

Patients were excluded from the study if they met any of
the following criteria: analgesic use within 5 hours before
presentation to the ED (8 hours for diclofenac sodium);
ongoing analgesic use for chronic pain; methoxyflurane use
within 4 weeks before enrollment; history of hypersensitiv-
ity to fluorinated anesthetics; clinically significant respira-
tory depression, cardiovascular instability, renal or hepatic
impairment; acute intoxication with alcohol or drugs; a
life-threatening condition requiring immediate admission
to the operating room or intensive care unit.

Treatments

Patients were randomized in a 1:1 ratio to treatment with
methoxyflurane (up to 2x3 mL) or placebo (sterile normal
saline), self-administered as required by the patient via a Pen-
throx inhaler, assisted where required by the research nurse.
The Penthrox inhaler is a lightweight, handheld, single-use
green cylindrical device with a whistle-like mouthpiece at one
end. Methoxyflurane is absorbed by an internal polypropylene
wick and vaporizes within the inhaler, and is inhaled by the
patient through the mouthpiece. Patients are instructed to also
exhale through the inhaler so that unmetabolized methoxy-
flurane can be absorbed by the activated carbon chamber
attached to the device, avoiding occupational exposure. The
amount of methoxyflurane (and thus the degree of analgesia)
is controlled by the patient by inhaling more or less frequently
from the device. Initially, the patient was provided with one
inhaler; a second inhaler was available upon request of the
patient. One inhaler was predicted to provide up to 1 hour’s
pain relief with intermittent use. The patient could inhale
a higher concentration of study medication, if required, by
covering the diluter hole at the mouthpiece end of the inhaler
with their index finger. The Penthrox inhaler provides a
methoxyflurane concentration of 0.1%—0.2% with the diluter
hole open, which increases to 0.3%—0.4% with diluter hole
occlusion.’® Since this was a placebo-controlled study, rescue
medication (IV, IN or oral opioids or paracetamol) was avail-
able at any time upon request of the patient, as recommended
in the CHMP guideline CPMP/EWP/612/00%" and guidance
from the Declaration of Helsinki. Patients were provided
with 16x500 mg paracetamol tablets at ED discharge for
the treatment of pain, as needed, during the 1412 day safety
follow-up period.

Randomization and blinding

Randomization was performed by an independent statistician
using permuted blocks and was stratified by center and age
group (adolescent/adult). Patients were assigned the next
randomization number in the appropriate stratum at enroll-
ment. Study medication was assembled and dispensed in a
sealed plastic bag by an unblinded research team member.
Prior to sealing the bag, a drop of methoxyflurane was placed
on the outside of each inhaler, so that all inhalers had the
characteristic fruity odor of methoxyflurane and the smell
between active and placebo inhalers was indistinguishable
upon opening the bag. To maintain the blind with regard to
inhaler weight, 5 mL of saline solution was used in the pla-
cebo inhalers compared with 3 mL of methoxyflurane in the
active inhalers, since the relative density of methoxyflurane
(1.42) is greater than that of normal saline (1). The investiga-
tor, patient, and all site personnel (except the staff member
responsible for dispensing study medication) were blinded
to the treatment assignment.

Efficacy assessments

Study assessments were performed by a blinded research
nurse, who remained with the patient in the ED while they
were receiving care. Pain intensity was assessed using the
Painlog™100 mm VAS (Schlenker Enterprises, Ltd., Lom-
bard, IL, USA) at the following time points: baseline, 5, 10,
15, 20, and 30 minutes after the start of study treatment, then
every 30 minutes until administration of rescue medication
or discharge from the ED, whichever occurred first. The pain
VAS is easy to use, does not require verbal or reading skills,
and is commonly used in pain studies.’®*

The time from the start of treatment to first pain relief
(subjectively reported by the patient), the number of inhala-
tions taken before pain relief was reported by the patient, and
use of the diluter hole during inhalation were recorded. Any
rescue medication use was recorded, including the time of
the request for rescue relative to the start of study treatment.
A global assessment of medication performance (GMP)
assessed using a 5-point Likert scale (“Poor”, “Fair”, “Good”,
“Very Good”, or “Excellent”) was completed separately by
the patient, the treating physician, and the research nurse
before ED discharge.

Safety assessments

Patients were observed by a research nurse throughout their
stay in the ED. All adverse events (except those relating to the
trauma presentation) were recorded from enrollment until ED
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discharge, with any subsequent adverse events being recorded
at the safety follow-up visit on Day 1412. For each adverse
event, the investigator assessed the relationship to study treat-
ment and evaluated its severity. Vital signs, including blood
pressure, heart rate and rhythm, and respiratory rate, were
measured at the same time points as pain intensity. Blood
samples were taken for safety laboratory tests (full blood
count and clinical chemistry) at the start of study treatment
and at the follow-up visit. The 15-point Glasgow coma score
was used to assessed the patient’s level of consciousness at
10, 20, and 30 minutes after the start of study medication
inhalation and prior to ED discharge.

Statistical analyses
The modified intention-to-treat (ITT) population (including
all randomized patients who used the study medication and
had at least one on-treatment efficacy assessment) was used
for all efficacy analyses. The primary efficacy variable was
the change from baseline in VAS pain intensity at 5, 10,
15, and 20 minutes after the start of study treatment. The
change at each time point was analyzed using a repeated-
measures analysis of covariance adjusted for baseline VAS
score, and time—treatment interaction. Treatment effects
(methoxyflurane vs placebo) were estimated as least squares
mean differences. The primary analysis was the overall test
for treatment effect across all four time points. Time to first
pain relief and time to request for rescue medication were
compared between the treatments using a Cox proportional
hazards model adjusted for baseline VAS score. Time was
censored at 2 hours after the start of treatment, physician-
initiated rescue medication, start of treatment for the injury,
or early withdrawal, whichever occurred first. GMP ratings
by the patient, research nurse, and treating physician at dis-
charge were each compared between the treatments using
ordinal logistic regression with proportional odds assump-
tion adjusted for baseline VAS. Baseline was defined as the
last recorded value before the start of study treatment; if the
baseline value was missing, change from baseline was not
calculated (ie, no imputation was performed). All hypothesis
testing was performed at the 5% (two-sided) significance
level. The analyses performed for the adolescent subgroup
mirrored the original study analysis methods,* with the
exception of removing the redundant term for age group
(adult/adolescent). Other efficacy endpoints were summa-
rized descriptively.

Adverse events were summarized for the safety
population, defined as all randomized patients who used
the study medication. Adverse events were classified as

treatment-emergent if they started or increased in severity
after the start of study treatment. Adverse events were coded
using the Medical Dictionary for Regulatory Activities (Med-
DRA version 14.0) coding system. Statistical analyses were
performed using SAS® version 9.4.

Sample size

The original sample size calculation estimated that 150
patients per treatment group in the whole study (adult and
adolescent patients) would provide at least 94.5% power to
detect a treatment difference of 13 mm®* in the overall change
from baseline of VAS pain score over the first 20 minutes of
treatment. The drop-out rate was expected to be minimal in
this setting, therefore a sample size of 150 patients per arm
was considered adequate, and was achieved in the study (300
patients randomized). However, the study sample size was not
intended to provide sufficient power to demonstrate a statisti-
cally significant treatment difference in the adolescent-only
subgroup presented in this report (96 patients randomized).

Results
Study patients

Participant flow for the adolescent subgroup is presented in
Figure 1. Ninety-eight adolescent patients were screened;
96 of these patients were randomized to double-blind treat-
ment (48 to each treatment group) and two patients were
ineligible. One patient randomized to the methoxyflurane
group was withdrawn before receiving study treatment due
to the decision of the investigator, thus 95 adolescent patients
were treated and included in the modified ITT and safety
populations. All except two of the treated patients (both lost
to follow-up) completed the study to Day 14+2.

Patient demographic characteristics, baseline pain sever-
ity, and injury type were similar for both treatment groups
(Table 1). The mean age of patients in the adolescent subgroup
was 14 years and the majority of patients (85.3%) were White.
More male (70.5%) than female (29.5%) adolescent patients
were enrolled. More than half of the patients (55.8%) had an
injury type of “other” (generally soft tissue injuries, sprains,
and muscular pain), 23.2% had fractures, 15.8% had contu-
sions, while lacerations, dislocations, and injuries due to
foreign body were reported for one or two patients each. Only
one patient had more than one injury (contusion and abrasion
to shoulder, knee, and finger). Patients enrolled in the study
were required to have moderate-to-severe pain (NRS score
of 4-7) at baseline; accordingly, the mean (SD) baseline VAS
pain intensity score was 61.7 (16.56) mm in the methoxy-
flurane group and 61.0 (13.33) mm in the placebo group.*
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(N=98)

Assessed for eligibility

Screening failures
(n=2)

Withdrew consent (n=1)

Third generation family member
sensitive to anesthetics (n=1)

Randomized
(n=96)

Allocated to methoxyflurane (n=48)

Allocated to placebo (n=48)

1 patient

|| withdrawn due to
investigator
decision

Received methoxyflurane (n=47)

Received placebo (n=48)

2 patients lost

to follow-up
Completed study to Day 1412 (n=45) | | Completed study to Day 142 (n=48)
Analyzed for efficacy (ITT, n=47) Analyzed for efficacy (ITT, n=48)
Analyzed for safety (n=47) Analyzed for safety (n=48)

Figure | Participant flow.
Abbreviation: ITT, intention-to-treat.

Pain relief

The reduction in pain intensity was significantly greater
with methoxyflurane than placebo in adolescent patients.
The adjusted mean change from baseline to 5, 10, 15, and
20 minutes for VAS pain intensity was —24.5, —28.1, -31.6,
and —31.7 mm, respectively, for methoxyflurane and —14.6,
—18.8,-19.2, and —23.7 mm, respectively, for placebo, with
a statistically significant treatment difference over the first 20
minutes of 9.9 mm (95% CI: —17.4 to —2.4 mm; P=0.0104;
Table 2). The largest treatment difference was at 15 minutes
after the start of inhalation (estimated treatment effect: —12.4
mm; 95% CI: —21.9 to —2.9 mm). Further reductions in pain
intensity were observed beyond 20 minutes after the start of
methoxyflurane inhalation, with mean decreases from base-
line in VAS pain of —38.7,-37.8, and —42.5 mm at 30 (n=32),
60 (n=5), and 90 minutes (n=2). In the placebo group, mean
decreases of —30.9, —26.9, and —31.0 mm were observed at
30 (n=26), 60 (n=7), and 90 minutes (n=2). Fewer patients

had available data at later time points due to discharge or
undergoing further interventions.

Pain relief was reported by 46 of 47 methoxyflurane-
treated patients (97.9%), with a median time to pain relief
of 1 minute (95% CI: 1-2 minutes). In the placebo group,
pain relief was reported by 39 of 48 patients (81.3%), with
a median time to pain relief of 3 minutes (95% CI: 2—5 min-
utes). The time to first pain relief was significantly shorter in
the methoxyflurane group compared with the placebo group
(HR: 2.35; 95% CI: 1.48, 3.76; P=0.0003). Pain relief was
experienced within 1-5 inhalations for 61.7% of patients
in the methoxyflurane group and 22.9% of patients in the
placebo group, and within 1-10 inhalations for 95.7% and
64.6% of patients, respectively (Figure 2).

Inhaler and rescue medication use
Most patients required only one inhaler. A second inhaler
was used by six (12.8%) methoxyflurane-treated patients
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Table | Demographic and baseline characteristics (modified intention-to-treat population)

Variable Statistic Methoxyflurane Placebo Total
(n=47) (n=48) (N=95)
Age (years) n 47 48 95
Mean (SD) 14.4 (1.4) 13.5(1.5) 14 (1.5)
Median (range) 14 (12-17) 13 (12-17) 14 (12-17)
Gender, n (%) Male 32 (68.1) 35 (72.9) 67 (70.5)
Female 15(31.9) 13 (27.1) 28 (29.5)
Race, n (%) White 41 (87.2) 40 (83.3) 8l (85.3)
Asian 0 5(10.4) 5(5.3)
Black I 2.1) 1@2.1) 2 (2.1)
Other 5(10.6) 2 (4.2) 7(7.4)
Injury type, n (%) Other 24 (51.1) 29 (60.4) 53 (55.8)
(first injury?) Fracture 11 (23.4) 11 (22.9) 22 (23.2)
Contusion 9 (19.1) 6 (12.5) 15 (15.8)
Dislocation I (2.1) I (2.1) 2 (2.1)
Laceration I 2.1) 1 (2.1) 2 (2.1)
Injury due to foreign body I 2.1) 0 I (1.1)
Site, n (%) Right upper limb 13(27.7) 14 (29.2) 27 (284)
Left upper limb 13(27.7) 8 (16.7) 21 (22.1)
Right lower limb 6 (12.8) 11(22.9) 17 (17.9)
Left lower limb 5 (10.6) 9 (18.8) 14 (14.7)
Other 7 (14.9) 4(83) I (11.6)
Face 2 (4.3) 1@2.1) 3(32)
Back I 2.1) 1@2.1) 2 (2.1)
VAS pain intensity 45 47 -
(mm) Mean (SD) 61.7 (16.56) 61.0 (13.33) -
Median (range) 64 (23-100) 58 (35-87) -
Notes: *One patient had > injury (second and third injuries were contusion and abrasion to knee and finger). “~” indicates data not available.
Abbreviation: VAS, visual analog scale.
Table 2 Analysis of visual analog scale (VAS) pain intensity score (modified intention-to-treat population)
Time point Adjusted® mean change from baseline Estimated treatment P-value
Methoxyflurane (n=47) Placebo (n=48) effect (95% CI)
Overall -29.0 —-19.1 9.9 (-174,-24) 0.0104
5 minutes —24.5 —-14.6 -9.9 (-17.5,-2.2)
10 minutes —28.1 -18.8 9.3 (-17.2,-14)
I5 minutes -31.6 -19.2 —12.4 (-21.9,-2.9)
20 minutes =317 -23.7 -8.0(-174, 1.5)

Notes: Pain scores recorded following the start of the planned emergency department procedure were excluded from the analysis. Pain scores taken after initiation of rescue
medication were included in the analysis. *Least squares mean adjusted for baseline VAS pain score and time by treatment interaction.

and nine (18.8%) placebo-treated patients, with a shorter
time between dispensing the first and second inhalers for the
placebo patients (median: 30 minutes; range: 1-63 minutes)
compared with the methoxyflurane patients (median 58 min-
utes; range: 43—65 minutes). The diluter hole was covered
during use by slightly more patients using the placebo inhal-
ers (31 patients [64.6%]) compared with the methoxyflurane
inhalers (25 patients [53.2%]).

Only two patients (4.3%) in the methoxyflurane group and
three patients (6.3%) in the placebo group requested rescue

medication (prior to censoring), and therefore no significant
difference between the treatment groups in the time to request
for rescue medication was identifiable (HR: 0.31; 95% CI.:
0.03,2.97; P=0.3085). The median time to request for rescue
medication could not be estimated due to the low number of
patients requesting rescue medication.

Satisfaction with treatment
Satisfaction with study treatment was significantly higher
in the methoxyflurane group compared with the placebo
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group across all GMP ratings (P<0.0012, Figure 3). Over
95% of treating physicians, research nurses, and patients
rated methoxyflurane treatment as “Excellent”, “Very
Good” or “Good”, compared with between 64% and 68%
for placebo.

Safety
Treatment-emergent adverse events (TEAEs) are presented
in Table 3. Fifty-five TEAEs were reported by 24 patients

w » a ] ~
o o o o o

Percentage of patients

N
o

) I I I l
0

1t05 6to 10 >10 No relief
Number of inhalations to first pain relief

Methoxyflurane (n=47) ® Placebo (n=48)

Figure 2 Number of inhalations to first pain relief (modified intention-to-treat
population).

(51.1%) in the methoxyflurane group and 35 TEAEs were
reported by 20 patients (41.7%) in the placebo group.
Fifteen TEAEs in eleven (23.4%) methoxyflurane-treated
patients and six TEAEs in five (10.4%) placebo-treated
patients were considered to be related to study treatment
according to the investigator’s causality assessment. The
most commonly reported TEAEs (reported by >3 patients in
either treatment group) were headache, dizziness, somno-
lence, and influenza-like illness. Dizziness and somnolence
were more common in methoxyflurane-treated patients,
influenza-like illness was more common in placebo-treated
patients, and headache was reported at a similar frequency
in both groups. The majority of TEAEs were mild and
self-limiting; no patients experienced a severe or serious
adverse event. In methoxyflurane-treated patients, most
cases of dizziness commenced within 5 minutes of the start
of dosing and resolved within 1 minute to 3 hours, somno-
lence events started within 2 hours of the start of dosing
and resolved within 2 hours, while headache was generally
reported in the period between ED discharge and follow-
up. Four patients withdrew due to a TEAE: two patients
(4.3%) in the methoxyflurane group (one patient due to
feeling dizzy and one patient due to light-headedness, bad
taste and burning in his mouth) and two patients (4.2%)
in the placebo group (one patient due to light-headedness
and nausea and one patient due to loss of consciousness
lasting for ~1 minute).

P=0.0012 P<0.0001 P<0.0001
50 — 1 |
[ 1 [ |
45
40
g 35 Methoxyflurane
'% 30 B Placebo
o
G
o 25
g
€ 20 - n1=numberof
8 methoxyflurane
S 15 4 responses
10 - n2=number of
placebo
5 | responses
0 .
€ € €
K] K] K]
© © @
o o o
x x x
1] w w
Patient (n1=45, n2=47) Physician (n1=43, n2=45) | Nurse (n1=47, n2=47)

Figure 3 Satisfaction with treatment (global medication performance; modified intention-to-treat population).
Notes: P-values are for the significance of the treatment effect based on proportional odds model adjusted for baseline visual analog scale pain score.
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Table 3 Treatment-emergent adverse events (safety population)

MedDRA system organ class

Methoxyflurane (n=47)

Placebo (n=48)

preferred term Number of | Number of | Percentage | Number of | Number of | Percentage
events patients of patients | events patients of patients
Any adverse event 55 24 5.1 35 20 41.7
Ear and labyrinth disorders | | 2.1 0 0 0.0
Tinnitus | | 2.1 0 0 0.0
Gastrointestinal disorders 3 3 6.4 | | 2.1
Abdominal pain | | 2.1 0 0 0.0
Nausea 0 0 0.0 | | 2.1
Oral discomfort | | 2.1 0 0 0.0
Toothache | | 2.1 0 0 0.0
General disorders and administration site conditions 2 2 4.3 4 4 83
Chest pain 0 0 0.0 | | 2.1
Feeling drunk | | 2.1 0 0 0.0
Influenza-like illness 0 0 0.0 3 3 6.3
Medical device complication [ | 2.1 0 0 0.0
Infections and infestations 4 3 6.4 | | 2.1
Influenza 0 0 0.0 | | 2.1
Nasopharyngitis [ [ 2.1 0 0 0.0
Rhinitis | | 2.1 0 0 0.0
Viral infection 2 2 43 0 0 0.0
Injury, poisoning, and procedural complications 6 4 85 | | 2.1
Fall 2 2 43 0 0 0.0
Joint sprain 2 2 43 0 0 0.0
Limb injury | | 2.1 0 0 0.0
Thermal burn 0 0 0.0 | | 2.1
Upper limb fracture | | 2.1 0 0 0.0
Investigations 0 0 0.0 | | 2.1
Blood pressure diastolic decreased 0 0 0.0 | | 2.1
Musculoskeletal and connective tissue disorders 2 2 43 4 4 83
Arthralgia 0 0 0.0 | | 2.1
Back pain 2 2 43 2 2 42
Myalgia 0 0 0.0 | | 2.1
Nervous system disorders 32 19 40.4 17 13 27.1
Dizziness 7 7 14.9 | | 2.1
Dysgeusia | | 2.1 0 0 0.0
Headache 20 12 25.5 15 I 229
Loss of consciousness 0 0 0.0 | | 2.1
Somnolence 3 3 6.4 0 0 0.0
Syncope | | 2.1 0 0 0.0
Reproductive system and breast disorders | | 2.1 0 0 0.0
Dysmenorrhea | | 2.1 0 0 0.0
Respiratory, thoracic, and mediastinal disorders | | 2.1 2 | 2.1
Nasal congestion 0 0 0.0 | | 2.1
Oropharyngeal pain | | 2.1 | | 2.1
Skin and subcutaneous tissue disorders 2 2 43 2 | 2.1
Hypoesthesia facial [ | 2.1 0 0 0.0
Rash 0 0 0.0 2 | 2.1
Rash pruritic [ [ 2.1 0 0 0.0
Vascular disorders | | 2.1 2 2 42
Hypotension | | 2.1 2 2 42

Notes: Includes events reported up to 14+2 days after discharge from the emergency department. Only events not related to the trauma presentation were recorded.
Abbreviation: MedDRA, Medical Dictionary for Regulatory Activities.

Inspection of individual patient vital signs showed no observ-
able effects of low-dose methoxyflurane on cardiovascular or
respiratory parameters. Glasgow coma score was 15 across all

patients and observations. Although clinical laboratory sampling
was limited, examination of clinical chemistry results did not
identify any renal or hepatic damage in the methoxyflurane group.
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Discussion

This subgroup analysis shows that methoxyflurane provided
rapid and effective pain relief in adolescent patients with
acute trauma pain, with both patients and HCPs expressing a
high level of treatment satisfaction. The treatment difference
(methoxyflurane-placebo) in the primary analysis of the VAS
pain intensity score over the first 20 minutes of treatment was
smaller for adolescent patients (—9.9 mm [95% CI: —17.4,
—2.4 mm]) compared with adult patients (—17.4 mm [95%
CI: —22.3, —12.5 mm]).* This appears to be due to a much
larger “placebo-effect” in the adolescent population; while
the overall adjusted mean change from baseline in VAS pain
intensity with methoxyflurane was the same for adult and
adolescent patients (—29.0 mm); it was noticeably different
for adult (-11.6 mm) and adolescent (—19.1 mm) patients
in the placebo group. Whilst the difference was statisti-
cally significant, this phenomenon resulted in the treatment
difference for the adolescent subgroup being less than the
minimum clinically significant change in acute pain of 13
mm on a 100 mm VAS scale previously suggested by Todd
et al in a hypothesis-generating study in trauma patients.*
For secondary pain relief and satisfaction (GMP) endpoints,
the results for the adolescent subgroup were generally posi-
tive and continued to show a larger placebo effect compared
with the adult subgroup.’ In the adult subgroup, 82.4%
of methoxyflurane-treated patients and 52.5% of placebo-
treated patients experienced pain relief within a median of
5 and 20 minutes, respectively,®® compared with 97.9% of
methoxyflurane-treated patients and 81.3% of placebo-treated
patients within a median of 1 and 3 minutes, respectively
for adolescent patients. GMP of methoxyflurane was rated
as “Excellent”, “Very good” or “Good” for approximately
75% of adult patients and >95% of adolescent patients, while
placebo treatment received the same ratings for 26%—31% of
adult patients and 64%—68% of adolescent patients. Despite
the strong placebo effect in adolescent patients, a significant
treatment difference in favor of methoxyflurane was shown
for all secondary efficacy endpoints, with the exception of
time to request for rescue medication (only five patients in
total requested rescue medication). Although few placebo-
treated patients requested rescue medication, the shorter time
to request for a second inhaler and higher number of patients
covering the diluter hole in the placebo group are suggestive
of additional need for analgesia in this group.

The placebo effect is well recognized in adults but is less
well studied in children.* However, it is likely that in our ado-
lescent subgroup, verbally-induced expectations of potential
benefit and physician/nurse-child-parent interactions had

an influence on perception of pain and perceived benefit of
treatment. Approximately 80% of children are considered
suggestible compared to 15% in the adult population,* and
work on the impact of suggestions on pain perception and
placebo analgesia has shown a 5-fold (heat pain tolerance)
and 3-fold (heat pain threshold) greater effect in children®
compared with adults.*

The rapid onset of analgesia with methoxyflurane and the
degree of reduction in VAS pain intensity in this adolescent
subgroup is comparable to that described in previous observa-
tional case series of its use in children (reported on 11-point
pain scales). Babl et al reported a drop in mean (95% CI) para-
medic numerical pain scores from 7.9 (7.5-8.3) at baseline to
4.5 (3.9-5.0) at 2-5 minutes and 3.2 (2.8-3.7) at 10 minutes
in 105 children mostly with extremity injuries.*® Gillis et al
found a similar decrease in average pain score from 7.6t1.7
on arrival to 5.312.1 and 4.3£2.3 after 15 and 30 minutes’
treatment in the ED in a mixed population of 59 pediatric
and adult patients with trauma pain.’' Another observational
case series of 14 children investigating methoxyflurane for
procedural analgesia or as a bridging agent in the ED reported
onset of analgesia within 2—5 minutes, adequate analgesia
in 71% of patients, and high patient/parent/HCP satisfac-
tion with analgesia.*’ These studies were observational and
uncontrolled; however, an earlier pilot randomized, double-
blind, placebo-controlled trial in 41 children with upper limb
fractures by Chin et al showed a 2.7 point greater reduction
in pain score at 10 minutes for methoxyflurane (4.0) com-
pared with placebo (1.3; P<0.05).3* Interestingly, this study
by Chin et al did not show such a strong placebo effect as
our adolescent subgroup analysis. Although these studies
used 11-point pain scales rather than the 100 mm VAS used
in the STOP! study, the degree of pain relief reported with
methoxyflurane is similar to our findings in the adolescent
subgroup analysis of the STOP! study.

The reduction in pain intensity observed with methoxy-
flurane in this adolescent subgroup is comparable with that
observed for IV morphine and IN fentanyl in a similar study
by Borland et al that enrolled children with acute long-bone
fractures.*® Borland et al reported mean changes from base-
line in VAS pain at 5, 10, and 20 minutes of —25 mm, —26
mm, and —32 mm for morphine and —13 mm, —22 mm, and
—31 mm for fentanyl (from a baseline mean of 67 mm and
68 mm, respectively); similar to results for methoxyflurane
of —25 mm, —28 mm, and —32 mm from a baseline of 62
mm in this adolescent subgroup analysis. This is in contrast
with findings of a large (N=3,312), retrospective comparative
study of IV morphine, IN fentanyl, and methoxyflurane in
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the prehospital treatment of children with moderate-to-severe
acute pain by Bendall et al, which found that methoxyflurane
was significantly less effective than morphine and fentanyl,
providing effective analgesia for 78.3% of patients, compared
with 87.5% for morphine and 89.5% for fentanyl.>> While
methoxyflurane was found to be significantly less effective
than IV morphine and IN fentanyl in Bendall et al’s study,
methoxyflurane still provided effective analgesia for a large
majority of children (78.3%) and may be a preferred treat-
ment option given its ease of use and concerns regarding
opioid-related side effects.*-*° Furthermore, clinical studies
of methoxyflurane as procedural analgesia have suggested
that it has anxiolytic properties, which may also be of benefit
in distressed children with trauma injuries.>"-

Although the STOP! study is one of very few prospec-
tive studies of methoxyflurane, a weakness of the study is
that it was placebo-controlled rather than using an active
comparator.” This approach was taken due to the difficulties
in double-blinding a comparator study, due to the distinctive
mode of administration and odor of methoxyflurane, equip-
ment needed for administration of nitrous oxide, and the
slow onset of action of possible oral comparators such as
acetaminophen or non-steroidal anti-inflammatories, as previ-
ously discussed by Coffey et al.*® Another placebo-controlled
trial investigating the efficacy and safety of methoxyflurane
for acute, trauma-related pain in 220 children aged 617
years is ongoing in the UK, which will provide further data
on pediatric use.**

To our knowledge, no prospective studies comparing
methoxyflurane with other analgesics for acute pediatric
trauma pain have previously been reported. However, in a
prospective cohort study, methoxyflurane had a more rapid
onset of analgesic action than tramadol in 40 adult patients
with ankle injuries in the ED.* A further prospective random-
ized study of methoxyflurane vs IV midazolam and fentanyl
for procedural analgesia during colonoscopy by Nguyen et al
found methoxyflurane to be equally effective with a shorter
recovery time.? Further prospective studies are needed to
provide direct evidence of the effectiveness of methoxyflu-
rane analgesia compared with other analgesic agents, and a
prospective open randomized study comparing pain relief
between methoxyflurane and standard of care for treating
patients with trauma pain in Spanish EDs (InMEDIATE)
has recently completed.>

Deep sedation has occasionally been reported with
methoxyflurane use in younger children under 5,*° but this
has not been observed in studies enrolling older children*’
and was not reported in our adolescent subgroup. The most

common adverse events in the methoxyflurane group were
headache (25.5%), dizziness (14.9%), and somnolence
(6.4%), which are all expected events®* and were generally
brief and self-limiting, resolving soon after cessation of
therapy. Two patients discontinued use of methoxyflurane
due to adverse events (one patient due to feeling dizzy and
one patient due to light-headedness, bad taste and burning
in his mouth), but the majority of patients, research nurses,
and physicians rated their satisfaction with methoxyflurane
treatment highly (>95% assessing treatment as “Excellent”,
“Very Good” or “Good”). We found no detectable effect of
methoxyflurane on the cardiovascular system or respiratory
system in this adolescent subgroup, which is in agreement
with the results of two earlier retrospective observational
studies?**’ using data from Australian ambulance services.
In addition, there was no indication of any renal or hepatic
effects of methoxyflurane in this subgroup analysis, or in
a previous large controlled observational study of 135,770
patients receiving emergency prehospital analgesia in Aus-
tralia (13% of whom received methoxyflurane).*®

Conclusion

The results of this adolescent subgroup analysis of the
STOP! study show that low-dose inhaled methoxyflurane
is an effective and well tolerated analgesic with fast onset
of action in children aged 12-17 years with moderate-to-
severe acute trauma pain, with no evidence that the efficacy
or safety profile for such children differs to that reported in
adults. Further data from prospective randomized studies
with active comparators are needed to help inform optimal
treatment strategies, but with its simple non-invasive method
of administration and rapid onset of action, and favorable
safety profile, methoxyflurane may have the potential to
overcome some of the barriers to effective analgesia in
adolescent patients.
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