Penthrox: a breath of PHEC air for

the military?
Hugo M L Cohen

ABSTRACT

Prehospital analgesia is vital to good clinical
care and inhaled methoxyflurane (Penthrox)
would be a valuable addition to the armed
forces medical armoury. Penthrox would
provide strong, fast-acting, self-administered
and safe analgesia to patients with moderate
to severe injuries. In addition, it would provide
an option for strong analgesia which would
not be subject to the regulations that govern
controlled or accountable drugs which gives it
a unique position as the military moves its focus
from large enduring operations to small short-
term training teams supported by lone combat
medics in remote locations across the globe.

INTRODUCTION

Effective and safe analgesia is vital to
good clinical care. However, there can be
supply difficulties for deployed military
personnel on both exercises and oper-
ations. This can be contributable to the
logistical challenges of supplying medica-
tion. The modern military is changing and
with this there is likely to be more short-
term training teams (STTT). These are
small groups of soldiers, being deployed in
isolation; often in remote countries. They
are likely to have lone medic support; or
limited healthcare support, often without
immediate access to a doctor. These
deployments, as well as larger scale exer-
cises, all have a lower risk of significant
major trauma, such as gunshots and blasts,
compared with the operations that the
military has been involved with such as
Op HERRICK and Op TELIC. The risk of
road traffic incidents remains significant.
At present the published trauma data are
limited from STTT deployments making
risk quantification more difficult.

At present, we rely on an opioid-based
analgesic agent, which is a controlled drug
(CD). It is necessary to reflect the require-
ments to comply with UK laws for CDs
in order to safely manage them.' This
can be disadvantageous as the documen-
tation can inhibit the ability to deploy
with the required medications. In some
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countries, our paperwork is not accepted
or recognised and there is also the risk
medications might be confiscated.
Penthrox inhalers for battlefield anal-
gesia have been discussed before’ and
were not thought to be an appropriate
replacement for morphine autoinjectors.
With the change to the oral transmucosal
fentanyl lozenges (OTFL), and the change
to operational methods of healthcare
deployment, it is important to revisit this
question as Penthrox does have advantages
over this type of battlefield analgesia even
if a complete replacement is not appro-
priate. There will always be a need for
effective analgesia to be administered by
medical professionals and this article will
outline the Penthrox inhaler as a possible
addition to our military medical armoury.

HISTORY OF METHOXYFLURANE

The active agent methoxyflurane was
initially used as an inhaled anaesthetic in
the early 1960s due to its improved cardiac
stability compared with other fluoridated
hydrocarbons. However, within a few
years concerns were raised about the neph-
rotoxicity of this agent. The mechanisms
of the renal tubular dysfunction were
never established but it fell from favour
and its use declined.®* Despite this, in the
1970s the Australian emergency services
started using a reduced dose of methoxy-
flurane as an inhaled analgesic for trauma
pain relief. This was on a background of
emerging good evidence of both its effec-
tiveness for acute trauma pain relief and
also of its renal and hepatic safety.*® More
than 5§ million doses have been adminis-
tered with no significant adverse events
and studies have confirmed its cardiac and
respiratory stability.” As well as being used
for trauma pain, methoxyflurane is also
being increasingly used for both visceral
pain and procedures that would otherwise
have required intravenous analgesia and
sedation.*

WHAT IS PENTHROX?

Penthrox is a handheld inhaler which can
administer 3 mL of methoxyflurane to
a patient providing effective pain relief
within 6-10 inhalations and in studies has
been shown to have an analgesia effect
by within 5 min.” 7 It reaches peak effec-
tiveness by 15 min. Patients are able to

assess their own level of pain and titrate
their analgesia to reflect this. Continuous
inhalation provides up to 30 min of pain
relief per 3 mL of methoxyflurane and
intermittent inhalation can provide longer
durations. The maximum dose is two 3
mL inhalations per day with a maximum
weekly dose of 15 mL. However, it should
not be used on consecutive days.®’

The inhaler (figure 1) has an activated
charcoal (AC) chamber which absorbs
exhaled methoxyflurane and reduces the
risk of exposure of active drug to the
supervising healthcare practitioner.® 1° !

DANGERS

There is a risk of methoxyflurane expo-
sure to healthcare professionals super-
vising its administration and literature
suggests that 19%-35% of methoxyflu-
rane is exhaled unchanged.'” However,
with the addition of the AC chamber
this reduces the concentrations to almost
zero.'? Additionally, the Penthrox material
safety data sheet reiterates that it only be
used in well-ventilated areas which would
further negate this risk.® ' '* Therefore,
use in a prehospital environment such as
in the field use would pose a very minimal
risk of occupational exposure.

It should be noted that administra-
tion of Penthrox in an enclosed ambu-
lance setting could represent a higher
risk of exposing healthcare professionals
to the active drug. However, this risk
also extends to any vaporised or gaseous
medications such as Entonox which could
have similar issues."® There is a concern
that the side effects such as nausea, head-
aches and vomiting could be experienced
by the healthcare providers or even by
other personnel such as drivers, pilots or
force protection elements if used in vehi-
cles which would be a serious concern.?
However, these reports were prior to the
introduction of the AC chamber which is
mandatory in the UK and a recent liter-
ature review published in the Journal of
Paramedic Practice also concluded that
there is enough evidence and experience
of Penthrox for it to be used by the UK
Search and Rescue Cadre safely.'®

In a study commissioned by the New
South Wales ambulance service it was
determined that methoxyflurane is
unlikely to pose a significant risk to ambu-
lance officers but it was recommended
that no more than two patients should
be administered Penthrox in one shift by
a sole practitioner.'”” If this medication
was incorporated into military practice
then by limiting the number of inhalers
per module this guidance could be used
to protect military practitioners although
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Figure 1
emed.ie/Analgesia/Methoxyflurane.php

it should be noted that this advice was
based on using the inhaler without the AC
chamber.

Penthrox is at risk of abuse and its manu-
facturer has a total of six reported inci-
dents on record. Half of these cases were
by ‘Army medics’ who abused it while on a
6-month tour in Afghanistan and the three
remaining cases involved ambulance staff
in Australia.'"* In response to a freedom
of information (FOI) request, the UK
Ministry of Defence (MOD) stated that
they either do not hold the information
about morphine autoinjector or OTFL
abuse or that collating it would exceed the
appropriate cost limit of FOI requests. It
is therefore difficult to stratify this risk of
abuse in comparison to the risk regarding
current analgesia options.

If adopted by the military then it will
likely impose some accountable status
on Penthrox in order to limit the poten-
tial for abuse. It would not be classed as
a CD under 1971 Misuse of Drugs Act;
however, the MOD identifies other prod-
ucts as accountable drugs which it chooses
to manage the same as CDs." It is possible
the MOD will choose to manage Penthrox
similarly but we believe it is important
that these restrictions do not inhibit the
flexibility and relief from the complex
CDs paperwork that Penthrox represents.

Minor side effects which include seda-
tion, vomiting, hallucinations, confusion,
dizziness, cough and headache have been
reported, but the most common was
drowsiness which was prevalent in 11% of
adults.® The spectre of renal toxicity will
always haunt Penthrox use,'” however it
has been calculated that for an adult patient
a dose of at least 20 g of methoxyflurane

is required to produce subclinical nephro-
toxicity. It should be noted that this is 13
times the recommended daily dose deliv-
ered by 2x3 mL Penthrox inhalers.® !’
The main concern and potential limita-
tion for Penthrox is the possible inter-
action with sevoflurane. Sevoflurane is
an inhalational anaesthetic agent. It is
commonly used for induction and mainte-
nance of general anaesthesia. Sevoflurane
is metabolised by cytochrome P450 2E1 to
hexafluoroisopropanolol and this releases
inorganic fluoride and CO,." Preclinical
data suggest that the defluorination of
sevoflurane by hepatic enzymes may be
increased by certain agents. These include
alcohol, isoniazid and barbiturates. This
leads to production of fluoride. Other
factors influencing the fluoride produc-
tion include concentration of sevoflurane
given, duration of anaesthesia and obesity.
It has been reported that following admin-
istration of methoxyflurane, the devel-
opment of vasopressin-resistant, polyuric
renal failure correlates with serum inor-
ganic fluoride concentrations >50 pM.'®
However, the data based on animal and
human studies suggest that due to sevo-
flurane’s rapid pulmonary administration,
the methoxyflurane-derived threshold
does not appear valid and at present inad-
equate data exist to elevate the nephrotox-
icity of elevated fluoride concentrations.

MANAGEMENT OF MEDICATION

In the UK and Australia, Penthrox is a
prescription-only medicine and is not
classed as a CD. Transport is therefore
much less restrictive than other opiate
analgesia.” '* ' Furthermore, it is not a

Photograph of Penthrox device.”® Image used with kind permission from EMed. Penthrox—'Green whistle’. 2018. Available: http://www.

dangerous good or mixture according to
the international air transport association
and no civil aviation authority approval
is required for its transport.'* This clas-
sification has huge advantages over other
rapid-acting analgesics as there would
be considerably less process required for
transporting Penthrox which is a particu-
larly useful advantage for lower risk short-
term deployments including overseas
exercises as well as for sport and adven-
turous training expeditions.

EFFECTIVENESS AS AN ANALGESIC
AND PORTABILITY

There is a wealth of evidence to support
Penthrox as an analgesic for prehospital
use and its effect is equivalent to using
Entonox (nitrous oxide).?*7 101120

The  double-blinded, multicentre
randomised controlled trial conducted by
Coffey et al provides the highest quality
of evidence for its effectiveness as an anal-
gesic but it does lack a direct comparison
with any other analgesics.'’

Blair and Frampton conducted a review
of methoxyflurane in trauma pain which
recognised Coffey et al’s work as high-
quality evidence of the effectiveness as an
analgesic but also recognised the paucity
of direct head-to-head comparisons of
methoxyflurane to other analgesic agents.
It concludes that it may be broadly compa-
rable to Entonox with predominantly
logistical advantages over it.’

Porter et al’s systematic review specif-
ically compares, although indirectly,
methoxyflurane with nitrous oxide and
concludes they are both similarly suit-
able for use in trauma patients and also
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recognises the practical advantages of
methoxyflurane.®

There are clear advantages of having
this level of analgesia easily portable for
the environments the military operate
and although Entonox may be avail-
able in military ambulances, Penthrox
inhalers could be easily carried in medical
bergans. Another documented benefit
is that Penthrox can be used for patients
with perceived respiratory issues such as a
pneumothorax, a scenario when Entonox
is contraindicated.”' Both Entonox and
low-dose methoxyflurane provide an
equal and well-tolerated analgesia and
are suitable for the treatment of pain in
trauma patients in emergency care.’ ’ '

MILITARY USE

In the deployed combat medical technician
(CMT) module (584) analgesia options
are restricted to ibuprofen, paracetamol
or OTFL which leaves a gap at the second
step of the WHO analgesic ladder.?” In the
deployed Medical Officer module (587)
the addition of co-codamol, midazolam,
morphine sulfate amps and ketamine does
rectify this problem although none of the
rapid-acting options are as straightfor-
ward to administer as Penthrox. Penthrox
could act as a bridging agent, particularly
for moderate trauma.

Penthrox is very fast acting which does
provide a substantial advantage over other
preparations including the OTFL. In a
placebo-controlled double-blinded trial,
OTFL was observed to only start to have
a statistically significant improvement in
pain over a placebo at 15 min after the
start of administration®® and the product
literature also suggests this.**

In contrast, Penthrox has been observed
to have analgesic action 5 min.’> 7 ® This
represents an improvement in onset of
analgesia which would be of particular
benefit to CMTs as they have a more
limited choice of analgesia available in
their modules than doctors. Additionally,
the mechanism of delivery via the inhaler
is easier to administer, compared with a
lozenge which required continuous move-
ment ‘twirling’** in order to effectively
deliver the medication.

The military operate in a variety of
challenging environments. Despite the
widespread use by the Australian and
New Zealand Defence Forces there is very
little evidence describing Penthrox being
used in adverse climatic conditions. That
said, Penthrox has been used extensively
with more than § million doses recorded
as having been administered in Australia
over the last 40 years both by its military,

including on operations, and within the
general public setting by ambulance
services and first response teams.*>7 1025 26
This could demonstrate by proxy some
degree of effectiveness in the huge variety
of challenging environments that Australia
represents. However, if Penthrox was
adopted by UK military more research
would have to be conducted to demon-
strate the effectiveness of this medication
in extreme conditions.

Incorporation of Penthrox into UK
military use would require a widespread
education programme for all healthcare
professionals to capture all staff who may
use them, which would certainly be logis-
tically challenging. Penthrox has begun to
be more widely used in the UK, including
being recommended by Joint Royal
Colleges Ambulance Liaison Committee as
being suitable for adults with moderate to
severe trauma for use by our paramedics.”’
As Penthrox becomes more mainstream in
the UK, it is important that it is strongly
considered for use in the military and we
believe it is well positioned to have a posi-
tive role in military prehospital emergency
care (PHEC).

CONCLUSION AND OUTSTANDING
ISSUES

Although there is a plethora of high-
quality analgesic agents that are available
to UK military doctors while deployed
on exercise or operations these are not
currently licensed for dispensing by or
considered safe for use by CMTs, with
the majority being dangerous in inex-
perienced hands. Penthrox is uniquely
positioned as a fast-acting, patient-
administered and broadly safe analgesic
which could be used safely while being
supervised by a CMT. As well as providing
a type of rapid pain relief for trauma that
would be easily transportable to remote
locations with minimal paperwork it
would also provide a broader choice of
analgesia to patients with moderate to
severe injuries.

However, this must be tempered with
the requirement for accounting to avoid
abuse as well as the need for evidence for
Penthrox in extreme environments.

Contributors Original idea, initial research and text:
HMLC. Supervision and editing: RW.

Funding The authors have not declared a specific
grant for this research from any funding agency in the
public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.

Provenance and peer review Not commissioned;
externally peer reviewed.

© Author(s) (or their employer(s)) 2020. No commercial
re-use. See rights and permissions. Published by BMJ.

| ") Check for updates |

To cite Cohen HML, Wolstenholme R. BMJ Mil Health
2020;166:257-260.

Received 21 November 2018

Revised 18 January 2019

Accepted 20 January 2019

Published Online First 6 February 2019

BMJ Mil Health 2020;166:257—-260.
doi:10.1136/jramc-2018-001122

ORCID iD
Hugo M L Cohen http://orcid.org/0000-0001-9528-
367X

REFERENCES

1. Senior Health Advisor (Army). Army command
standing order 3364 (second revise). army medicines
management Standard operating procedures for
controlled and accountable drug, 2018.

2. McLennan JV. Is methoxyflurane a suitable battlefield
analgesic? J R Army Med Corps 2007;153:111-3.

3. Blair HA, Frampton JE. Methoxyflurane: a review
in trauma pain. Clinical Drug Investigation
2016;36:1067-73.

4. Jephcott C, Grummet J, Nguyen N, et al. A review of
the safety and efficacy of inhaled methoxyflurane as
an analgesic for outpatient procedures. Br / Anaesth
2018;120:1040-8.

5. Porter KM, Siddiqui MK, Sharma |, et a/. Management
of trauma pain in the emergency setting: low-dose
methoxyflurane or nitrous oxide? A systematic
review and indirect treatment comparison. J Pain Res
2018;11:11-21.

6. Dayan AD. Analgesic use of inhaled methoxyflurane:
evaluation of its potential nephrotoxicity. Hum Exp
Toxicol 2016;35:91-100.

7. Porter KM, Dayan AD, Dickerson S, et al. The role of
inhaled methoxyflurane in acute pain management.
Open Access Emerg Med 2018;10:149-64.

8. Galen Limited, 2016. Penthrox 3mL inhalation vapour,
liquid. Summary of product characteristics. Available:
https://www.medicines.org.uk/emc/product/1939/
smpc

9. BNF Online. Methoxyflurane. Available: https://bnf.nice.
org.uk/drug/methoxyflurane.html

10. Coffey F, Wright J, Hartshorn S, et al. Stop!: a
randomised, double-blind, placebo-controlled study
of the efficacy and safety of methoxyflurane for the
treatment of acute pain. Emerg Med J 2014;31:613-8.

11. Coffey F, Dissmann P, Mirza K, et al. Methoxyflurane
analgesia in adult patients in the emergency
department: a subgroup analysis of a randomized,
double-blind, placebo-controlled study (stop!). Adv
Ther 2016;33:2012-31.

12. Frangos J, Mikkonen A, Down C. Derivation of
an occupational exposure limit for an inhalation
analgesic methoxyflurane (Penthrox(®)). Regul Toxicol
Pharmacol 2016;80:210-25.

13. Galen limited, 2017. Penthrox 3mL inhalation vapour,
liquid. Patient Information Leaflet. Available: https:/
www.medicines.org.uk/emc/files/pil. 1939.pdf

14. Bryson F. Drug safety and medical information
scientist. ALMAC. On behalf of Galen Limited. Medlical
information Request. 2 Oct;18.

15. Ancker K, Halldin M, G6the CJ. Nitrous-oxide
analgesia during ambulance transportation. airborne
levels of nitrous oxide. Acta Anaesthesiol Scand
1980;24:497-500.

16. Griffiths E. Efficacy and safety of methoxyflurane:
managing trauma associated pain in UK SAR
helicopter paramedic practice. J Paramed Prac
2017;9:108-20.

Cohen HML, Wolstenholme R. BMJ Mil Health August 2020 Vol 166 No 4

259

1ybuAdoo
Aq payaioid ybinquip3 jo Ausiaaiun e 0z0z ‘8z AInr uo /wod fwgyieayArenjiwy/:dny woly papeojumod ‘6TOZ Arenigad 9 Uo ZZTT00-8T0Z-OWel/9ETT 0T St paysiignd 1Sl ‘yyesH 1IN CINg


http://crossmark.crossref.org/dialog/?doi=10.1136/jramc-2018-001122&domain=pdf&date_stamp=2020-07-22
http://orcid.org/0000-0001-9528-367X
http://orcid.org/0000-0001-9528-367X
http://dx.doi.org/10.1136/jramc-153-02-08
http://dx.doi.org/10.1007/s40261-016-0473-0
http://dx.doi.org/10.1016/j.bja.2018.01.011
http://dx.doi.org/10.2147/JPR.S150600
http://dx.doi.org/10.1177/0960327115578743
http://dx.doi.org/10.1177/0960327115578743
http://dx.doi.org/10.2147/OAEM.S181222
https://www.medicines.org.uk/emc/product/1939/smpc
https://www.medicines.org.uk/emc/product/1939/smpc
https://bnf.nice.org.uk/drug/methoxyflurane.html
https://bnf.nice.org.uk/drug/methoxyflurane.html
http://dx.doi.org/10.1136/emermed-2013-202909
http://dx.doi.org/10.1007/s12325-016-0405-7
http://dx.doi.org/10.1007/s12325-016-0405-7
http://dx.doi.org/10.1016/j.yrtph.2016.05.012
http://dx.doi.org/10.1016/j.yrtph.2016.05.012
https://www.medicines.org.uk/emc/files/pil.1939.pdf
https://www.medicines.org.uk/emc/files/pil.1939.pdf
http://dx.doi.org/10.1111/j.1399-6576.1980.tb01592.x
http://dx.doi.org/10.12968/jpar.2017.9.3.108
http://www.emed.ie/Analgesia/Methoxyflurane.php
http://www.emed.ie/Analgesia/Methoxyflurane.php
http://militaryhealth.bmj.com/

Personal view

17. Grindlay J, Babl FE. Review article: efficacy and traumatic pain relief: a pilot study. Anesthesiol Rescue 24. BVTP, 2018. Actiq 400mcg Lozenges. Summary
safety of methoxyflurane analgesia in the emergency Med 2009;4:288-92. of product characteristics. Available: https://Awww.
department and prehospital setting. Emerg Med 21. BOC Healthcare, 2011. Entonox. Summary of product medicines.org.uk/emc/product/6923/smpc
Australas 2009;21:4-11. characteristics. Available: https://www.boconline.co.uk/  25. Ball C, Westhorpe R. Methoxflurane: then and now.
18. Medicines.org.au. Vepsevor Product Information. en/images/entonox_tcm410-43539.pdf Anaesth Intensive Care 2007;35.
Available: http://www.medicines.org.au/files/vepsevor. 22. Ahmadi A, Bazargan-Hejazi S, Heidari Zadie Z, et al. 26. Caldicott DG. Methoxy--what?! Emerg Med J 2011;28.
pdf Pain management in trauma: a review study. J Inj 27. Medical Developments International, 2017. Penthrox is
19. MedicineWise N, 2018. Penthrox inhalation. consumer Violence Res 2016;8:89-98. recommended for use in all UK ambulances. Available:
medicine information. Available: https://www.nps.org. 23. Rauck R, North J, Gever LN, et al. Fentanyl buccal https://www.medicaldev.com/wp-content/uploads/
au/medical-info/medicine-finder/penthrox-inhalation soluble film (FBSF) for breakthrough pain in patients 2017/09/ASX-Announcement-26.9.17.pdf
20. Groppa S, Ciobanu G, Belii A, et al. Evaluation of with cancer: a randomized, double-blind, placebo- 28. EMed, 2018. Penthrox® - "Green whistle". Available:
methoxyflurane (Penthrox) effecacity for acute controlled study. Ann Oncol 2010;21:1308-14. http://www.emed.ie/Analgesia/Methoxyflurane.php
260 Cohen HML, Wolstenholme R. BMJ Mil Health August 2020 Vol 166 No 4

1ybuAdoo
Aq payaioid ybinquip3 jo Ausiaaiun e 0z0z ‘8z AInr uo /wod fwgyieayArenjiwy/:dny woly papeojumod ‘6TOZ Arenigad 9 Uo ZZTT00-8T0Z-OWel/9ETT 0T St paysiignd 1Sl ‘yyesH 1IN CINg


http://dx.doi.org/10.1111/j.1742-6723.2009.01153.x
http://dx.doi.org/10.1111/j.1742-6723.2009.01153.x
http://www.medicines.org.au/files/vepsevor.pdf
http://www.medicines.org.au/files/vepsevor.pdf
https://www.nps.org.au/medical-info/medicine-finder/penthrox-inhalation
https://www.nps.org.au/medical-info/medicine-finder/penthrox-inhalation
https://www.boconline.co.uk/en/images/entonox_tcm410-43539.pdf
https://www.boconline.co.uk/en/images/entonox_tcm410-43539.pdf
http://dx.doi.org/10.1093/annonc/mdp541
https://www.medicines.org.uk/emc/product/6923/smpc
https://www.medicines.org.uk/emc/product/6923/smpc
http://dx.doi.org/10.1136/emj.2011.112797
https://www.medicaldev.com/wp-content/uploads/2017/09/ASX-Announcement-26.9.17.pdf
https://www.medicaldev.com/wp-content/uploads/2017/09/ASX-Announcement-26.9.17.pdf
http://www.emed.ie/Analgesia/Methoxyflurane.php
http://militaryhealth.bmj.com/

	Penthrox: a breath of PHEC air for the military?
	Abstract
	Introduction
	History of methoxyflurane
	What is Penthrox?
	Dangers
	Management of medication
	Effectiveness as an analgesic and portability
	Military use
	Conclusion and outstanding issues
	References


