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Introduction

Burn related injuries have caused a massive burden on the 

health care system worldwide, with more than 300 000 burn 

cases estimated to have occurred annually amongst children 

under the age of 5 years.1 However, this is only an estimate as 

the precise number of cases is unknown.2,3 Data showed that the 

incidence of hospitalised paediatric burn patients is highest in 

Africa.2,4 In Sub-Saharan Africa, 83.6% of all burn injuries occurred 

in children between the ages 0–10.4,5

Burn injuries can be extremely painful and often require multiple 

procedures and interventions throughout the child’s admission, 

including repeated wound exposures and debridements. Pro-

cedural analgesia and sedation are of paramount importance 

to reduce pain and anxiety ensuring early and extensive de-

bridement, when needed, which will allow for improved healing 

as well as preventing fear of future procedures when it is given 

appropriately.6-9 

Procedural sedation has become the standard of care in both 

inpatient and outpatient settings, however, many practices are 

not yet evidence-based due to a lack of well-designed studies.10,11 

Many agents have been tried alone and in combination but 

there is no consensus on procedural sedation in children.10-12 

Numerous factors need to be considered when choosing an 

agent including the age and weight of the child; the location, 

depth and extent of the burn and the length of the procedure 

itself.6,7

Methoxyflurane (MF) is a volatile anaesthetic agent. Historically 
it was used as an inhalational agent for general anaesthesia but 
was discontinued due to nephrotoxicity in a dose dependent 
manner, the upper limit of safety now suggested as 2 Minimum 
Alveolar Concentration (MAC)-hours.13-15 Despite this, MF is 
known for its analgesic properties in smaller doses and has been 
used as an analgesic agent, without causing nephrotoxicity or 
hepatotoxicity. The use of MF delivery by a hand-held inhaler 
is licensed for both adults and children in Australia, resulting in 
the majority of studies on its use from this setting.13-16 Safety and 
efficacy of low dose inhaled MF have been demonstrated for 
analgesia and sedation.15 Previous literature has described the 
use of MF in the prehospital emergency setting16 and for minor 
surgical procedures.13 

Within the South African 
context MF is also currently 
registered as a Penthrop® 
inhaler (Figure 1). It is a 
portable, hand-held inhaler, 
requiring patient effort and 
cooperation. The inhaler 
delivers a concentration of  
0.2% (MAC of methoxy-
flurane is 0.16%) and com-
prises an activated carbon 
filter, a diluter hole (which 
when occluded, can increase 
the concentration) and a  
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3 ml vial of MF which is poured onto a wick.13 MF has a high lipid 
solubility, but despite this onset of action (when using the agent 
for sedation and analgesia) is within 6–10 breaths.13 Duration 
of action is reported from 30 minutes to one hour depending 
on continuous versus intermittent use.13 Three (3) ml of MF is 
under the safety limit in that it provides 0.3 MAC-hours.15 A 
second dose is still within the safety limit with 0.59 MAC-hours.17 
Indications include acute pain relief, anxiolysis and sedation, or 
alternatively procedural analgesia for small surgical procedures. 
Contraindications include renal or hepatic impairment; 
cardiovascular, respiratory, or neurological compromise; history 
of malignant hyperthermia, porphyria or hypersensitivity to 
inhalational anaesthetic agents.18

There is a significant burden of disease with regards to burns 
in children in our resource constrained setting. The Paediatric 
Burns Unit at Chris Hani Baragwanath Academic Hospital 
(CHBAH) is the only dedicated paediatric burns unit in Gauteng 
in the largest hospital on the African continent. Approximately 
450 children are admitted to the unit per annum. The unit has 
21 ward beds and 7 intensive care unit (ICU) beds. If the ward is 
at capacity, 14 children undergo burns dressing changes a day, 
with no available doctor present to administer sedation and 
analgesia in a monitored and safe environment. Current practice 
involves the use of ketamine as a single agent in doses ranging 
from 1–5  mg/kg (IVI/IMI), administered and monitored by the 
nursing staff. This highlights the need for an efficacious and safe 
agent in this setting.

Methods

Study design and setting

A prospective nonrandomised, nonblinded observational de-
scriptive case series was conducted in the paediatric burn ward 
of CHBAH. 

Children between the ages of 4–10 years who were undergoing 
dressing changes for their burn wounds were deemed eligible. 
At least one of the investigators was present for the procedure, 
prescribed the MF, supervised administration thereof and mon-
itored the patient throughout the procedure. 

Patients were excluded if they were admitted to the ICU, had 
known risk for malignant hyperthermia, had existing renal or 
hepatic impairment or known additional risk factors for renal 
or hepatic impairment. Contraindications to MF use including 
hypersensitivity to fluorinated anaesthetics, cardiovascular 
instability, respiratory depression, depressed level of 
consciousness, family history of adverse reaction to volatile 
anaesthetics or porphyria were also used as exclusion criteria. 
Patients who had not followed correct starvation guidelines 
were also excluded.

Over a six-month period, participants were identified in the ward 
after admission. Informed parental consent as well as informed 
patient assent was obtained. Once consent was granted the 
patient was educated on correct device use. 

The MF inhaler was primed with 3 ml of MF to supply 0.1–0.2%, 

according to the supplier’s guidelines.18 During the procedure 

MF was self-administered by inhalation through a hand-held 

whistle shaped Penthrop® inhaler, if children struggled with the 

whistle, a face mask was placed over the “whistle end” to ease 

administration and improve the seal. The activated carbon filter 

was connected to the device for every procedure. If inadequate 

analgesia was noted, the bypass hole could be occluded to 

increase the dose of MF delivered. If this was insufficient, the 

protocol would be to stop the dressing change and revert to 

the unit’s standard of care or the procedural analgesia. In South 

Africa, the minimum effective dose to produce analgesia as 

recommended in the package insert, is 3 ml per day or 15 ml per 

week in children 1–11 years of age.18 All patients only had one 

exposure to MF during their admission ensuring they were well 

below the maximum dose.

Information collected pre-procedure included weight and 

gender of the child, date of admission and date of procedure, 

percentage burn of total body surface area (TBSA), location of 

the burn and aetiology of the burn, as well as depth of the burn. 

During the procedure, the following were recorded: duration of 

MF exposure, vital signs including heart rate, oxygen saturation, 

blood pressure and respiratory rate at baseline then at 2 minutes 

and 5 minutes and every 5 minutes thereafter until procedure 

completion. Depth of sedation was recorded by the investigators 

using the Wisconsin Sedation Scale (WSS)19 shown in Table I. The 

FLACC (face, legs, activity, cry, consolability) score20 (Table II) was 

used to assess pain. Pain and sedation scales were recorded at 

the same intervals as vital signs were recorded. Post-procedure, 

level of staff satisfaction with the procedure was detailed using 

a Likert scale (very dissatisfied/dissatisfied/neutral/satisfied/very 

satisfied). The sister performing the procedure was also asked to 

comment on her experience during the dressing change. 

Adverse events were predefined as desaturation < 92%, airway 

complications, apnoea, aspiration, cardiovascular instability, 

nausea and vomiting, permanent neurological injury and 

death. Staff who were pregnant or known with renal or hepatic 

impairment were not involved in data collection to ensure 

occupational health and safety.

Data were captured and analysed using Microsoft Excel® 2016. 

Descriptive and inferential statistics were used, and categorical 

variables were described using frequencies and percentages. 

Data is reported using means and medians with interquartile 

ranges. 

Results

Twelve patients were enrolled for the study with an age range 

of 4–9 years. The percentage of TBSA affected by the burns 

ranged from 3–13%. All but two of the patients sustained partial-

thickness burns. With regards to aetiology of the burns, ten of 

the patients sustained hot water burns, one patient had flame 

burns and one patient sustained burns from other causes. 
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Methoxyflurane was used as the sole agent for analgesia and 

sedation for the entire duration of the procedure. One dressing 

change was abandoned and the treatment defaulted to current 

standard of care, as the patient had insufficient analgesia 

using MF. The median time of each dressing change was 15 

min (IQR:10–25) (excluding the abandoned procedure). The 

procedure had three components: removing old dressings, 

scrubbing the wounds, and then replacing with new dressings. 

No major adverse events (as defined by our study) were noted. 

There were no episodes of desaturation noted and none of the 

patients required any form of airway or haemodynamic support 

during the procedure. Mild adverse events included euphoria 

and delirium. Staff reported noting the strong smell of MF while 

procedures occurred.

Table III illustrates FLACC score and WSS during the procedure 

for each patient at various time intervals. Investigators noted 

that during the initial exposure and replacement of the burn 

wound dressings, analgesia and sedation levels were sufficient 

and appropriate respectively for the majority of the patients. 

However, with regards to analgesia, using MF during the 

Table I: Sedation assessment with Wisconsin Sedation Scale

Sedation classification Sedation score Description

Inadequate sedation 6 Anxious, agitated, or in pain

Minimal conscious sedation 5 Spontaneously awake without stimulus

Moderate conscious sedation 4 Drowsy, eye open or closed, but easily arouses consciousness with verbal stimuli

Moderate-deep conscious sedation 3 Arouses to consciousness with moderate tactile or loud verbal stimuli

Deep sedation 2 Arouses slowly to consciousness with sustained painful stimulus

1 Arouses, but not to consciousness, with painful stimulus

Anaesthesia 0 Unresponsive to painful stimulus

Table II: Pain assessment with FLACC score

Category Scoring

0 1 2

Face No particular expression  
or smile

Occasional grimace or frown,  
withdrawn, disinterested

Frequent to constant quivering chin, 
clenched jaw

Legs Normal position or relaxed Uneasy, restless, tense Kicking or legs drawn up

Activity Lying quietly, normal position,  
moves easily

Squirming, shifting back and forth,  
tense

Arched, rigid or jerking

Cry No cry (awake or asleep) Moans or whimpers,  
occasional complaint

Crying steadily, screams or sobs,  
frequent complaints

Consolability Content, relaxed Reassured by occasional touching, 
hugging, or being talked to, distractible

Difficult to console or comfort

Table III: Procedure information with pain and sedation scores

Age 
(years)

% TBSA 
burnt

Depth of burn
Aetiology 

of burn

Duration 
of MF use 
(minutes)

FLACC score at time 
intervals (minutes)

Wisconsin Sedation 
Scale at time intervals 

(minutes) 

Level 
of staff 

satisfaction 
0 2 5 10 25 0 2 5 10 25

1* 7 12 Deep Hot water 5 0 8 5 6 VD

2 7 8 Deep Other 25 0 1 3 0 1 5 4 6 4 4 N

3 5 13 Partial-thickness Hot water 10 3 0 5 0 5 5 4 5 S

4 8 5 Partial-thickness Hot water 15 0 0 8 0 5 5 6 5 N

5 5 12 Partial-thickness Hot water 25 0 5 3 0 0 5 5 6 4 6 S

6 7 7 Partial-thickness Flame 35 0 0 5 0 2 5 5 5 5 5 S

7 6 3 Partial-thickness Hot water 25 0 0 3 10 3 5 5 5 6 5 N

8 5 4 Partial-thickness Hot water 15 0 0 0 0 5 4 4 4 VS

9 5 12 Partial-thickness Hot water 10 1 4 0 2 5 5 4 5 VS

10 5 8 Partial-thickness Hot water 15 5 5 10 7 5 5 6 5 N

11 4 10 Partial-thickness Hot water 10 2 5 8 5 5 5 6 5 N

12 9 7 Partial-thickness Hot water 15 0 1 2 7 5 5 6 6 N

VD – very dissatisfied, DS – dissatisfied, N – neutral, S – satisfied, VS – very satisfied
*procedure abandoned due to insufficient analgesia
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scrubbing of the wounds proved insufficient in 36.4% of the 
patients. In addition, 63.6% of patients demonstrated anxiety 
during the scrubbing of wounds. It should be noted that the first 
case of the study was abandoned, and the dressing change was 
postponed to be done using the standard protocol in the unit. 
It was noted that this patient had undergone traumatic burn 
injuries with multiple previous dressing changes with insufficient 
analgesia and sedation. The decision to continue with the study 
was made in discussion with experts in paediatric anaesthesia, 
doctors and nursing staff working in the unit. 

In assessing staff satisfaction with regards to MF use: in six of 
the cases the staff expressed neutral feelings towards using the 
drug, in three of the cases, staff were satisfied and in two of the 
cases they were very satisfied. Note, in the procedure that was 
abandoned, the staff demonstrated they were very dissatisfied 
with the MF use. 

The common positive themes from comments received at the 
end of the procedure included: good analgesia and the patients 
were fully conscious and able to mobilise and eat immediately 
after the procedure compared to children who received 
ketamine. Negative themes in the comments included: there was 
insufficient sedation and the children were delirious and restless 
making the dressing more difficult.

Discussion

The majority of literature found on the use of MF demonstrated 
mostly observational studies on a small scale. The proposed 
reason for this is as a result of its limited licensing on the global 
scale. Despite small, observational studies, the safety of MF use 
has been highlighted.9,13-16 Recent announcements regarding 
the introduction of MF into the UK and Europe may result in the 
emergence of larger scaled literature. 

Specifically, within the paediatric population, there is a paucity 
of literature regarding the use of MF. Despite this, Babl et al.21 
showed reduction in pain scores and sedation in children with 
the use of MF in the prehospital setting in a single centre, 
prospective, observational series. In addition, no major adverse 
events were reported. A pilot study on the successful use of MF in 
children for procedural analgesia was subsequently published.22 
They reported positive results with no adverse events and 
improved pain scores in their patients. Their patient population 
range was a larger age group than those in our study. The 
majority of their procedures were orthopaedic and of a shorter 
duration than our study. We suggest these factors contributed to 
their positive findings. In our setting, patients were of a younger 
age group, with a mean age of six. Unfortunately, with regards 
to our patient population, many had been exposed to previous 
dressing changes themselves or witnessed other patients 
undergoing dressing changes. This contributed to the high 
anxiety levels noted in our study. 

No literature on the use of MF for burns dressing changes in 
the paediatric population could be found. Another Australian 
observational study in 20129 reported results on burn wound 

procedures in the adult population in the outpatient setting. 
These authors once again demonstrated safety with no major 
adverse events reported. In addition, they described reduced 
anxiety levels with MF use. However, they did describe, higher 
pain scores after the procedure with MF. Our study results mirror 
theirs in that we did show insufficient analgesia over two thirds 
of our patients during the scrubbing of burn wounds. It should 
be noted that within our patient population the percentage of 
body surface area was higher, and the depth of burn was more 
severe when compared to the population from Wasiak et al.9 

It should also be noted that our study was conducted at moderate 
high altitude. One can assume that the influence of altitude on 
MF is similar to nitrous oxide with a reduction in partial pressure 
delivered at altitude. This could theoretically result in a reduction 
in efficacy of the agent at altitude. Analysis of this was beyond 
the scope of this study. 

It should be reiterated that the use of MF facilitated shorter 
time to mobilisation and eating. As nutrition is critical for the 
healing of burns, and children who sustain larger burns can be 
hypercatabolic, this may be of benefit. 

Although not measured in our study, a safety concern regarding 
the euphoria and delirium associated with MF use was noted. 
The burn dressing room contains an elevated bath to allow for 
the cleaning of the wounds as well as elevated tables for the 
provision of dressings. Due to staff limitation and the ergonomics 
of this area the risk of a fall is high if a patient is uncooperative. 

The use of the MF inhaler provides a setting for patient-controlled 
analgesia and sedation. Our patient population, despite edu-
cation and coaching on the use of the inhaler often failed to 
use it appropriately which may have contributed to inadequate 
dosage and effect of the drug. The use of a mask attached to 
the inhaler allowed for easier use (as the children could inhale 
through mouth and nose) and we suggest this addition when 
using the Penthrop® inhaler for children. 

In our resource constrained environment, the authors hoped to 
find a safe and effective means to provide good analgesia and 
anxiolysis for our patient population. The results demonstrated 
an inadequacy with regards to the use of MF for inpatient burns 
dressings for the paediatric population in our setting. It should be 
reiterated that our dressing changes are conducted by a single 
member of nursing staff without the availability of a doctor at all 
times. An additional staff member would be required with the 
sole responsibility of assisting the child with the administration 
of MF.

The ideal agent would be a safe drug with no adverse effects 
especially with regards to the haemodynamic and respiratory 
systems. The Penthrop® inhaler has demonstrated this in the 
literature and our study. However, the authors feel we were 
unable to demonstrate satisfactory levels of analgesia and 
anxiolysis in our patients. It should be noted our study had a 
limited number of patients due to our age inclusion criteria and 
the inability to obtain consent and/or assent for other patients. 
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We conducted an observational study without comparison to 
the current standard of care. Further recommendations could 
include a randomised control trial to accurately assess the use of 
MF compared to that of ketamine in this setting. 

With the approval of the use of MF inhalers, we anticipate further 
studies which would help to delineate accurate guidelines 
regarding appropriate patient and procedure selection. A 
randomised, double blind, multicentre, placebo-controlled 
study using MF for children with acute pain presenting to 
the Emergency Department is currently underway in Europe 
(ClinicalTrialsRegister.eu number NCT03215056).

We suggest from our findings that this agent may not be suitable 
as a sole agent for inpatient burns dressing changes in children. 
However, its use may be appropriate in the ambulatory setting 
in both adult and paediatric patients, as well as the inpatient 
setting for adult burns patients. We suggest MF may also be of 
value when used as an adjunct to usual practice, for procedures 
involving the paediatric burns inpatient.
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