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Background

• Acute pain present in >70% of those attended by EMS  
for traumatic injury and is often inadequately treated

• Barriers to adequate pain relief include obstacles to  
accurate pain assessment, contra-indications to  
administration of effective drugs such as morphine, 
limited choice of analgesia  and delivery routes

• Potential solutions include expanding the range of  
analgesics available



Methoxyflurane
• Methoxyflurane (Penthrox®; Galen Ltd) is a volatile

fluorinated hydrocarbon anaesthetic with analgesic
properties in sub-anaesthetic doses

• Widely as an inhalational analgesic in adults and children  
for over 40 years in Australia and New Zealand

• Easy to administer, with good safety profile

• European licence for emergency relief of moderate to  
severe pain in conscious adults with trauma pain

• Limited evidence of clinical and cost effectiveness in the  
prehospital setting



Previous studies

• Recent open-label RCTs in EDs (InMEDIATE, MEDITA, 
PenASAP, RAMPED) methoxyflurane relieved pain more 
quickly or more effectively or both compared with usual 
analgesia Fabbri A et al J Pain Res 2020; 13: 1547-55

• Systematic review indirectly comparing prehospital 
methoxyflurane with Entonox reported  superior (but non-
significant) pain relief at 15 minutes for methoxyflurane
Porter K at al J Pain Res 2018; 11: 11-21.

• Previous observational study suggested that methoxyflurane 
was inferior to morphine when used prehospitally. Middleton 
PM et al Prehosp Emerg Care 2010; 14(4): 439-47



Aims

• To investigate clinical effectiveness and costs of  
inhaled methoxyflurane delivered by ambulance  
staff for patients with trauma and associated pain

• Research question:

Does adding inhaled methoxyflurane to usual  
analgesic practice (UAP) improve prehospital pain 
relief  for patients with traumatic injury and does 
it offer  good value to the NHS?



Method
• A non-randomised control group design: methoxyflurane  

versus Entonox® or parenteral analgesics

• Verbal numerical pain scores (VNPS) over time in adults  
with moderate to severe trauma pain attended by  
ambulance staff trained in administering and supplied with  
methoxyflurane

• Comparator VNPS from database records of UAP in similar
patients

• Clinical efficacy tested using Ordered Probit panel  
regression model of pain intensity linked by observational  
rules to VNPS

• Scenario analyses were used to compare durations under  
analgesia spent in severe pain, and costs



Training

96 clinicians trained to deliver methoxyflurane as part 
of the evaluation:
• 45 paramedics
• 1 student paramedic
• 50 EMTs



Total number of  
Penthrox® doses

520

510

Prepared for  
administration to patients

501 doses administered

- 458 patients used 1 dose

- 21 patients used 2 doses

- 1 missing data

9 doses wasted

- 3 unsealed not used

- 6 spilt or damaged

10

Not allocated

Double dose rate =

21/479 (4.4%)

Wastage rate =  

9/510 (1.8%)

217/479 (45.3%) given 

methoxyflurane as the 

sole analgesic 



Comparison groups

Methoxyflurane

(n=479)

Entonox®

(n=753)

Morphine IV

(n=802)

Sex Female 313 (64.8%) 421 (55.9%) 461 (57.5%)

Male 141 (35.2%) 332 (44.1%) 341 (42.5%)

Age (yrs) 63.1 (22.9; 16-98) 55.9 (22.1; 18-96) 66.6 (20.3; 18-100)

Pain score Pre-administration 8.6 (1.6; 3-10) 7.8 (1.8; 4-10) 8.3 (1.6; 4-10)

Severe (7-10) 386 (89.7%) 559 (74.2%) 1050 (69.0%)

Moderate (4-6) 49 (11.2%) 194 (25.8%) 472 (31.0%)

Final 4.5 (2.5; 0-10) 5.6 (2.5; 0-10) 5.0 (2.6; 0-10)

Time (min) To drug administration 6.5 (9.9; 0-85) 9.8 (10.3; 0-79) 14.9 (10.6; 0-62)

To final score 25.6 (11.6; 1-48) 24.7 (16.1; 1-87) 27.3 (16.7; 1-80)

Patient treatment characteristics

Mean (Standard deviation; sample range)



Trauma categories for patients given 
methoxyflurane 

Trauma category Count

Limb injury or fall +/- soft tissue injury 221

Suspected neck of femur (trauma) or hip injury +/- limb or soft

tissue injury
108

Head, neck or back injury +/- soft tissue injury 83

Multisystem or multiple trauma, assault, stab wound, gunshot

injury, penetrating trauma
31

Abdominal or chest injury +/- soft tissue injury 15

Soft tissue or thermal injury 15

Other (unclassified non-trauma) 10



#Scores Freq

2 1522

3 584  (38.4%)

4 160  (10.5%)

5 43  (2.8%)

6 9  (0.6%)

7 1  (0.1%)

#Scores Freq

2 788

3 125  (15.9%)

4 18  (2.3%)

5 3  (0.4%)

#Scores Freq

2 432

3 330  (76.4%)

4 59  (13.7%)

5 10  (2.3%)

6 3  (0.7%)

7 1  (0.2%)

Pain score timings



Analgesic Route Effect begins Effect ends

Methoxyflurane inhaled +30 secs after administration

+5 mins after stopping or

+45 mins after administration  

(intermittent use)

Entonox® inhaled +30 secs after administration

+5 mins after stopping or

+45 mins after administration  

(intermittent use)

Potency 1 oral +30 mins after administration +6 hrs after administration

Potency 2 oral +30 mins after administration +6 hrs after administration

Potency 3 oral +30 mins after administration +6 hrs after administration

Potency 3 IV +1 min after administration +4 hrs after administration

Paracetamol IV +5 mins after administration +6 hrs after administration

Pain score influence

• We assumed methoxyflurane and Entonox® not used at same time, even intermittently
• Potency (mild) 1: oral paracetamol or ibuprofen
• Potency (moderate) 2: oral paracetamol/mild opiate combination
• Potency (high) 3: oral opiate or tramadol, parenteral opiate or paracetamol



Methoxyflurane 9.1 mins (95%CI: 7.8-10.5)

Entonox® 32.9 mins (95%CI: 24.6-41.3)

P-value <0.001

Scenario: Predicted pain pathways (with 95% CI)Versus Entonox®

Methoxyflurane

Point of transition from  

severe to moderate pain

On presentation, pain

set to score just on 10

Entonox®

Transition from severe 

to moderate pain

*Model accounting for initial pain score, trauma condition, age, sex, other analgesics given 

RESULTS: Time spent in severe pain



Methoxyflurane 8.1 mins (95%CI: 6.8-9.4)

Paracetamol IV 28.9 mins (95%CI: 21.3-36.5)

P-value <0.001

Versus Paracetamol IV Scenario: Predicted pain pathways (with 95% CI)

Methoxyflurane

Paracetamol IV

RESULTS: Time spent in severe pain



Versus Morphine IV Scenario: Predicted pain pathways (with 95% CI)

Methoxyflurane

Morphine IV

RESULTS: Time spent in severe pain

Methoxyflurane 8.5 mins (95%CI: 7.2-9.8)

Morphine IV 18.9 mins (95%CI: 16.8-20.0)

P-value <0.001



Side effect Patient

discontinued

Patient

continued

Total

Common or very common

Cough 6 4 10

Taste altered 7 2 9

Nausea 4 1 5

Feeling abnormal 2 2 4

Dizziness 1 1

Drowsiness 1 1

Dry mouth 1 1

Headache 1 1

Mood altered 1 1

Uncommon

Anxiety 1 1

Oral discomfort 1 1

Paraesthesia 1 1

Total 23 13 36

Clinician reported side-effects
36 side-effects reported by 32 patients (32/479=6.7%)
19 patients discontinued due to side effects (19/479=4%)
13 patients (10 aged over 75 years) did not comply with inhaler instructions



Costs

• Costing scenarios compared single dose use of  
methoxyflurane vs Entonox® and vs parenteral  
analgesics (80-20% weighted episode mix of morphine
IV and paracetamol IV)

• BNF list price for one vial containing 3mL dose of
methoxyflurane for vaporisation in Penthrox® inhaler
£17.89 per pack

• In both scenarios benefits of methoxyflurane achieved 
at higher cost: additional cost per treated  patient 
£11.51 vs Entonox® and £10.18 vs parenteral
analgesics



Conclusions

• Methoxyflurane acted >3 x more quickly vs Entonox to
reduce pain from severe to moderate

• Methoxyflurane acted >3 x more quickly vs IV  
paracetamol

• Methoxyflurane acted >2 x more quickly vs IV  
morphine

• Both paramedics and EMTs were able to implement the  
use of methoxyflurane

• Limitations related to observational data and methods



Conclusions (cont.)

• Clinician reported adverse effects minor and infrequent  
(6.7%) leading to cessation of use in 3/5 of those with  
side effects or failure to work

• Benefits achieved at higher cost:
– vs Entonox® additional cost per treated patient

£11.51
– vs morphine or paracetamol additional cost per  

treated patient of £10.18
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