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Abstract
Objective
To compare the effectiveness of two acute burn dressings, Burnaid® hydrogel dressing and plasticised

polyvinylchloride film, on reducing acute pain scores in paediatric burn patients following appropriate first

aid.

Design

Single-centre, superiority, two-arm, parallel-group, prospective randomised controlled trial.

Participants and Setting
Paediatric patients (aged < 16) presenting to the Emergency Department at the Queensland Children’s
Hospital, Brisbane, Australia, with an acute thermal burn were approached for participation in the trial from

September 2017 — September 2018.

Interventions
Patients were randomised to receive either (1) Burnaid® hydrogel dressing (Intervention) or (2) plasticised

polyvinylchloride film (Control) as an acute burn dressing.

Primary and Secondary Outcomes

Observational pain scores from nursing staff assessed 5-minutes post-application of the randomised dressing,
measured using the Faces Legs Activity Cry and Consolability Scale was the primary outcome. Repeated
measures of pain, stress, and re-epithelialisation were also collected at follow-up dressing changes until 95%

wound re-epithelialisation occurred.

Results

Seventy-two children were recruited and randomised (z = 37 Intervention; n = 35 Control). No significant
between-group differences in nursing (Mean Difference: -0.1, 95% CI: -0.7 to 0.5, p = 0.72) or caregiver
(MD: 1, 95% CI: -8 to 11, p = 0.78) observational pain scores were identified. Moreover, no significant
differences in child self-report pain (MD: 0.3, 95% CI: -1.7 to 2.2, p = 0.78), heart rate (MD: -3, 95% CI: -11
to 5, p =0.41), temperature, (MD: 0.6, 95% CI: -0.13 to 0.24, p = 0.53), stress (Geometric Mean Ratio: 1.53,
95% CI: 0.93 to 2.53, p = 0.10), or re-epithelialisation rates (MD: -1, 95% CI: -3 to 1, p = 0.26) were

identified between the two groups.
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Conclusions
A clear benefit of Burnaid® hydrogel dressing as an analgesic adjunct to first aid for the treatment of acute

paeditric burns was not identified in this investigation.

Trial Registration

Australia and New Zealand Clinical Trials Register (ACTRN): ACTRN12617001274369

Article Summary
Strengths and limitations of this study
*  First randomised controlled trial investigating analgesic properties of acute burn dressings in a
paediatric burn population
* Pain was assessed using age-specific and reliable self-report and observational scales, in addition to
physiological measures of pain and distress.
* This investigation was pragmatic in nature, replicating real-world clinical scenarios where the
interventions are used
* Levels of adverse pain in trial participants were lower than expected
* A large proportion of participants reported no-to-low pain at the time of their initial presentation,

therefore pain scores might have been too low to observe treatment-related effects.

Key Words
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1. Introduction

Pain remains a major issue following a burn, and research suggests that pain from burn injuries continues to
be undertreated in children [1]. The subsequent wound care required to treat a burn is also associated with
significant pain and distress — thus burn pain comprises a challenging spectrum of acute, background,
breakthrough, and procedural pain [2, 3]. The aim of this trial was to provide health practitioners with
evidence to support the use of an acute burn dressing that is superior in terms of pain relief for paediatric
patients with acute thermal burn injuries. Optimising pain management for paediatric burn patients is more
than just a compassionate need to reduce suffering — despite that being a sufficient motivator for health care
professionals. Improving acute pain control for children with traumatic injuries such as a burn is critical, as
suboptimal analgesia can prolong wound re-epithelialisation [4, 5], have long-term emotional consequences

[6, 7] and influence pain perception and processing later in life [8, 9].

Topical administration of cool running water (CRW) for 20 minutes within 3 hours of the burn occurring is
the recommended gold standard first aid for burn injuries, in accordance with the Australian and New
Zealand Burn Association [10-14]. Following first aid, guidelines recommend burn wounds to be covered
with a sterile dressing to maintain a moist wound environment, minimise the risk of infection, and prevent air
exposure — as this can be quite painful for patients with acute burns [15]. Characteristics of an ideal acute
burn dressing include a transparent non-adherent design, easy application and removal, and protection from
environmental exposure. Plasticised polyvinylchloride (PVC) film fulfils this criteria, and excluding the
application to facial burns, is an inexpensive and practical dressing for acute burn injuries in the pre-hospital
and Emergency Department (ED) setting. For this reason, PVC film has been used in the management of
acute burns for over four decades. However, the preferred acute burn dressing varies between pre-hospital

services in different states and countries.

Over the past decade, Burnaid® hydrogel dressings have gained widespread use in the pre-hospital setting for
acute burn injuries — and are promoted as providing hydration to the burn wound and pain relief via a
convection and evaporative cooling effect [16]. Burnaid® dressings comprise of a 3mm thick sterile polyester
urethane foam pad impregnated with a propylene glycol gel, which contains more than 90% purified water.
Despite its popularity amongst pre-hospital services, there is limited empirical evidence for the effectiveness

of hydrogel burn dressings, and no studies have been conducted in a paediatric burn population. At present,
3
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there is no robust empirical evidence to support the adoption of one particular acute burn dressing over the
others. With the continual development of expensive wound care products, it is important that we validate
their use and effectiveness within the targeted clinical population. This trial examined the effectiveness of
Burnaid® hydrogel dressings as an analgesic adjunct to first aid for the treatment of acute paediatric burns in

comparison to current standard practice — PVC film.

2. Methods

2.1 Design and setting

We conducted a prospective, single-centre, superiority, randomised controlled trial (RCT) examining the
effectiveness of a hydrogel dressing as an analgesic adjunct to first aid for the treatment of acute paediatric
burn injuries, compared to current standard care. We used a two-arm parallel design with a 1:1 allocation
ratio. Participants were recruited between September 2017 — September 2018 from the ED and the Pegg
Leditschke Children’s Burns Outpatient Department (OPD) at the Queensland Children’s Hospital (QCH)
following initial presentation for their burn. The QCH serves as the major burns referral centre for
Queensland and Northern New South Wales, treating over 1200 paediatric patients with burn injuries per

annum.

2.2 Patient and public involvement

Patients and/or the public were not involved in the development of this research. However, relevant
stakeholders and knowledge users (i.e. pre-hospital staff, clinicians, and nurses) were involved in
the initial development of the trial, refinement of research questions, and identification of current

knowledge gaps.

2.3 Protocol and registration

This trial received ethics approval from The Queensland Children’s Health Service Human Research Ethics
Committee (approval number: HREC/16/QRCH/322) and The University of Queensland Ethics Committee
(clearance number: 2017000979). Study methodology was documented in a published protocol [17] and
registered with the Australian New Zealand Clinical Trials Registry (ID number: ACTRN12617001274369)
on the 5% September 2017 prior to recruitment. This trial was completed as per the published protocol [17],

which contains a more in-depth description of the trial’s design and methods.
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2.4 Participants

2.4.1 Inclusion criteria
Inclusion criteria: children aged between 0 — 16 years with an acute thermal burn < 20% of the child’s total
body surface area (TBSA), presented to the ED or Burns OPD within 24 hours of sustaining the burn,

received optimal first aid, and no silver dressings or silver sulphadiazine cream applied prior to enrolment.

2.4.2 Exclusion criteria

Exclusion criteria included: children with non-thermal burns or inhalation injuries, presented to the QCH
more than 24-hours post-burn, inadequate first aid, prior treatment with silver wound products, non-English
speaking, cognitive impairments, required ventilation or initial debridement under general anaesthetic,
current involvement with Department of Communities, known sensitivity to hydrogels, and patients with
comorbidities that could impair wound healing or exacerbate/alter pain (i.e. metabolic congenital disorders,

spinal cord defects/injuries, insensate patients).

[INSERT Figure 1. CONSORT Flow Diagram]

2.5 Procedures

All participants (if age appropriate) and caregivers were given verbal and written information about the
research, and provided signed consent to participate in the trial. After obtaining informed consent,
participants were stratified by pain risk (1. High Pain or 2. Low Pain) according to factors that could
influence pain in paediatric burn patients. Factors were based on findings from a retrospective review of data
from the Queensland Paediatric Burns Registry (unpublished hospital quality review). Participants presenting
to the ED or Burns OPD with one or more of the following criteria were considered at high pain risk:
unilateral or bilateral foot burns, campfire/hot coal burns, circumferential burn injuries, and burns >5%
TBSA. Following stratification, patients were randomised to receive either (1) Burnaid® hydrogel dressing
(Intervention) or (2) PVC film (Control). A computerised random number sequence-generating program was
used for participant randomisation. Concealment of treatment allocation were performed via the use of

sealed, opaque, identical, consecutively numbered envelopes prepared in advance by an independent third-

party.
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Due to the pragmatic nature of this trial, researchers could not be blinded to which randomised dressing
patients received. Researchers were required to be present when the acute burn dressings were applied and
removed to obtain pain scores and additional outcome measures from the child, caregiver, and medical staff.
Treating clinicians, nursing staff, patients, and caregivers were also not blinded to which treatment
participants received as dressings were visible on the patient’s burn. Because these dressings are topical,
concealment during patient treatment in the ED was not possible. To include an element of blinding in the
trial, a specialist panel of burn surgeons and senior nurses performed a blinded review of 3D wound images
to determine rate of re-epithelialisation at each dressing change until > 95% burn re-epithelialisation

occurred.

[INSERT Figure 2. Pain assessment timepoints during acute and follow up care]

Pain was assessed in the ED (Figure 24) at five timepoints relative to the child’s acute treatment for their
burn: (T1) Pre-randomised dressing application, (T2) Post-randomised dressing application, (T3) Peak pain
during wound cleaning and debridement capturing the worst/maximal pain experienced during acute
treatment, (T4) Pre-silver dressing application, and (T5) Post-silver dressing application (see Figure 24).
During subsequent dressing changes in the Burns OPD (Figure 2B), pain was assessed at five time points
relative to the child’s follow up treatment: (T1) Pre silver-dressing removal, (T2) Post-dressing removal,
(T3) Peak pain during wound cleaning, (T4) Pre-silver dressing application, and (T5) Post-silver dressing
application (see Figure 2B above). Observational pain scores from ED nursing staff assessed post-
application of the randomised dressings (T2 in Figure 24) was the primary outcome measure of the trial.
Pain at T2 was assessed five minutes after the application of the randomised dressings for all participants —

to give the dressings a standard period of time on the wound before pain assessment.

Additional measures collected at each of the ten aforementioned timepoints during the child’s acute and
follow up care included: a saliva sample (to measure biomarkers of stress), heart rate, and temperature. The
duration of each burn care procedure was timed in the ED and Burns OPD. Information regarding analgesic
medication administered to the patient prior to enrolment in the trial was obtained from Ambulance chart
records and referral notes. All medication administered to patients following presentation to the QCH was
recorded, in addition to all non-pharmacological interventions such as distraction techniques, rewards,

procedural preparation, and music/behavioural therapies.
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2.6 Interventions

2.6.1 Intervention — Burnaid® hydrogel dressing

Burnaid® hydrogel dressing (Mundicare®, Sydney, Australia) served as the treatment intervention in this trial.
Burnaid® products previously contained Melaleuca Alternifolia (tea tree) for its broad-spectrum antimicrobial
properties, however inclusion of this active ingredient has since ceased and no tea tree containing Burnaid®

products were used in this investigation.

2.6.2 Control — Plasticised polyvinylchloride film
Plasticised PVC film (also known as plastic wrap, cling film, and Saran™ wrap) is a thin (< 25um) food-

wrap that has been used in the management of acute burn injuries for over four decades [18, 19].

2.7 Measurements

2.7.1 Primary outcome measure

Observational pain scores from ED nursing staff was the primary outcome measure of the trial, and was
assessed using the Face, Legs, Activity, Cry and Consolability (FLACC) scale. The FLACC scale is a five-
item composite tool measuring aspects of both pain and distress in children. The scale consists of five
categories of behaviour, each of which are scored on a 0 to 2-point scale, giving a total score ranging from 0

to 10.

2.7.2  Additional Measures of Pain

2.7.2.1 Child self-report (ages 4 — 8 years)

Child self-report pain scores were assessed using the Faces Pain Scale — Revised (FPS — R). The FPS—R is a
linear self-report scale designed for pain assessment in children over the age of four [20, 21]. The item is
composed of six-points (six-faces with differing expressions) with a lower anchor of no pain and an upper

anchor of very much pain.

2.7.2.2 Child self-report (ages 8+)
For patients over the age of eight, self-report pain was assessed using the Visual Analogue Scale for Pain
(VAS). The VAS has been described in the literature as a reliable and well-validated pain assessment tool for

use in older children [22, 23].
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2.7.2.3 Parent (observational) report

Parent/caregiver observational pain scores were assessed using the Observer Visual Analogue Scale for Pain
(VAS Observer) for pre-verbal paediatric patients and those under the age of four. The VAS Observer has
been shown to be a reliable and valid observational pain scale for use in a non-verbal paediatric population,

and for children who are unable to self-report their pain [24].

2.7.3 Secondary outcome measures

2.7.3.1 Re-epithelialisation

Burns were considered re-epithelialised if > 95% of the original wound area had re-epithelialised, and the
patient no longer required silver dressings. Wound re-epithelialisation was assessed using two methods.
First, clinical judgement from the treating surgical consultant was determined at each dressing change.
Second, a panel of paediatric burn specialists performed a blinded review of 3D images (3D LifeViz™

System; QuantifiCare, Valbonne, France) of patient’s burn wounds taken at each dressing change.

2.7.3.2 Stress

Stress was assessed in this trial using a-amylase — a biochemical stress marker produced locally within
salivary glands. Patients placed a SalivaBio Oral Swab™ (Salimetrics Europe Ltd., Newmarket, UK) under
their tongue for 2 minutes for saliva collection. Salivary Alpha-Amylase Kinetic Enzyme Assay Kits (Item
No. 1-1902, Salimetrics Inc) were used to quantify a-amylase, as per the manufacturer’s instructions. The
trial protocol included assessments of levels of a-amylase and cortisol as indicators of stress during burn
wound treatment in the ED and subsequent dressing changes. Salivary a-amylase (sAA) was selected over
cortisol based on previous research conducted at the Pegg Leditschke Paediatric Burns OPD [25]. This
research found sAA to be responsive to stress during wound care procedures, and also found an association
between sAA and pain in children with thermal burns during dressing changes. Moreover, follow up
appointments occur during a morning clinic which runs from 7.30am — 10am. Cortisol levels are known to
peak within 30 — 45 minutes of waking up and then decrease due to diurnal variation. Due to the timing of
sample collection, SAA was deemed to be a more appropriate measure of stress in this trial. Saliva samples

were analysed from the following timepoints:

1. Pre- and post-application of the randomised dressing (i.e. Burnaid® or PVC film)
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2. Following patient arrival in the Burns OPD for their first dressing change — prior to premedication
and silver dressing removal
3. Following patient arrival in the Burns OPD for their second dressing change — prior to premedication

and silver dressing removal

2.7.3.3 Demographic and clinical information

Demographic and clinical details were obtained from parents/caregivers and medical records including age,
sex, burn mechanism, area affected, estimated burn TBSA, and pre-hospital care (such as first aid and
pharmacological interventions). Treating surgical staff first assessed burn TBSA in the ED following wound
debridement using a modified version of the Lund and Browder chart [26]. Burn TBSA was also assessed at
each change of dressing from the child’s treating consultant until the burns were considered to be 95% re-
epithelialised. Burn depth was assessed using two methods in the trial. First, clinical judgment from the
treating surgical consultant was reported following initial patient presentation to the hospital, and at each
follow up appointment in the Burns OPD for dressing changes. Second, burn depth was assessed using rapid
imaging with Moor LDLS-BI™ Laser Doppler Imager (Moor Instruments Limited, Devon, United
Kingdom). Laser Doppler Imaging (LDI) is a non-contact technique used in the assessment of burn injuries
to measure skin blood perfusion at the surface of the burn wound [27]. LDI measures the extent of micro-
vessel blood flow within the whole burn area, providing information on burn depth via microcirculation
expressed as “perfusion units” (PU) [28, 29]. Participants had their burn wounds scanned using LDI on their
first change of dressing (72 — 120 hours post-burn) in the Burns Outpatient Department to obtain mean and
minimum PU. This time period for LDI is in accordance with the manufactures instructions, and has been

established as acceptable time frame in recent studies [30, 31].

2.8 Statistical Analysis

In accordance with previous studies aiming to reduce pain in paediatric burn patients, we expected pain
scores within each treatment group to have a normal distribution and a standard deviation (SD) of 2.7 [32].
Data were analysed on an intent-to-treat basis. Sample size was estimated at 29 experimental (intervention)
participants and 29 control participants to detect a significant between-group difference of 1.8 in pain scores
post-dressing application. With power equal to 0.8, a set at 0.05, and up to a potential 20% loss to follow-up,

the calculated target sample size was 72 participants. Between-group differences in primary and secondary
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outcomes were estimated using mixed models in Stata version 16 [33]. Random effects for patients
accounted for the repeated measures, and restricted maximum likelihood method with Kenward-Rogers
degrees of freedom was used. Each model included data at baseline (i.e. pre-dressing) and at one follow-up
time, and assumed no population differences at baseline, a change from baseline in the control group and a
different change from baseline in the intervention group. Adjusted mean differences (Intervention - Control)
and 95% confidence intervals (Cls) are reported. The SAA data was log-transformed, and the adjusted ratio

of geometric means (Intervention + Control) are reported [34].

3. Results

3.1 Sample and demographic characteristics
Seventy-two paediatric burn patients were randomised and recruited into the trial. Four participants were lost
to follow up and had no additional data collected past the initial point of treatment in the ED. Patient

demographic details and baseline characteristics are presented in Table 1.

10
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Table 1. Participant demographic and clinical variables

BMJ Open

Intervention Control
Variable
N=37 N=35

Patient age (years)

0-3 20 (54%) 27 (77%)

4-7 9 (24%) 5 (14%)

8-16 8 (22%) 3 (9%)
Indigenous status

Not indigenous 34 (92%) 33 (94%)

Aboriginal 2 (5%) 2 (6%)

Torres Strait Islander 1 (3%) 0 (0%)
Gender

Male 22 (59%) 19 (54%)
Mechanism of injury

Scald 26 (70%) 28 (80%)

Contact 8 (22%) 7 (20%)

Flame 2 (5%) 0 (0%)

Flash 1 (3%) 0 (0%)
Burn source

Hot beverage 10 (27%) 14 (40%)

Water from kettle/saucepan/tap 7 (19%) 10 (29%)

Noodles 7 (19%) 3 (9%)

Food (other) 1 (3%) 1 (3%)

Stove/oven/barbeque 4 (11%) 3 (9%)

Lighter 2 (5%) 0 (0%)

Hair straightener/curling iron 1 (3%) 2 (6%)

Fireplace/sun heated metal 2 (5%) 2 (6%)

Hot oil/wax 2 (5%) 0 (0%)

Aerosol can explosion 1 (3%) 0 (0%)
Burn TBSA percentage 2(1-4) 2(1-4)
Burn depth

Superficial partial thickness 30 (81%) 24 (69%)

Deep dermal partial thickness 7 (19%) 11 (31%)
Burn wound perfusion TN=48 TN =43

LDI Mean PU 696 (293) 679 (276)

LDI Minimum PU 144 (143) 110 (104)

11
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Anatomical region affected
Upper limb and/or hand 19 (51%) 20 (57%)
Lower limb and/or foot 11 (30%) 10 (29%)
Chest, abdomen, and/or back 12 (32%) 13 (37%)
Head, face, and/or neck 8 (22%) 10 (29%)
Buttocks, perineum, and/or genitals 5 (14%) 2 (6%)
Number of anatomical regions affected
1 24 (65%) 21 (60%)
2 8 (22%) 9 (26%)
3 5 (14%) 4 (11%)
4 0 (0%) 1 (3%)
Required medication in the ED
Paracetamol 32 (86%) 33 (94%)
Ibuprofen 26 (70%) 28 (80%)
Oxycodone 21 (57%) 21 (60%)
Fentanyl 28 (76%) 27 (77%)
Nitrous 4 (11%) 4 (11%)
Ketamine 1 (3%) 1 (3%)
Methoxyflurane 2 (5%) 1 (3%)
Morphine 1 (3%) 0 (0%)
Midazolam 1 (3%) 0 (0%)
Polypharmacy
0 1 (3%) 0 (0%)
1 4 (11%) 3 (9%)
2 4 (11%) 4 (11%)
3 14 (38%) 12 (34%)
4 10 (27%) 12 (34%)
5 2 (5%) 4 (11%)
6 2 (5%) 0 (0%)
Distraction Techniques
Nil 13 (35%) 9 (26%)
Lollies/food 1 (3%) 4 (11%)
Sleeping 2 (5%) 1 (3%)
Television/phone distraction 15 (41%) 11 31%)
Bubbles/toys 5 (14%) 7 (20%)
Music therapy/clown doctors 1 (3%) 2 (6%)
Ditto™ distraction device 0 (0%) 1 (3%)
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Definitive dressings applied in ED
Acticoat™ 3 + Mepitel™ + Hypafix®
Acticoat™ 7 + Mepitel™ + Hypafix®
Mepilex Ag™ + Hypafix®
Paraffin wax

Time (minutes) to ED presentation

Time (minutes) spent in ED

Time (minutes) dressing was applied to burn
Documented first aid (20 minutes CRW)
QAS applied Burnaid®

QAS applied PVC film

High pain risk stratum

13 (35%)

7 (19%)

16 (43%)

1 (3%)
N=36

90 (66 — 137)
106.5 (66 — 151)
34 (22-61)
36 (97%)

11 (30%)

8 (22%)

8 (22%)

10 (29%)

8 (23%)

16 (46%)

1 (3%)
N=34

79 (60 — 119)
113 (76 — 180)
35 (5-150)
34 (97%)

7 (20%)

11 (31%)

9 (26%)

Data are presented as median (IQR) for continuous measures, and N (%) for categorical measures unless stated otherwise. T As a

result of patients having multiple burns to different anatomical regions, LDI scans were taken of 91 burn wounds from 58 patients: n =

48 burns for the intervention group and # = 43 wounds for the control. N = number of participants; ED = emergency department;

CRW = cold running water; QAS = Queensland ambulance service, TBSA = total body surface area; LDI = laser Doppler imaging;

PU = perfusion units; PVC = plasticized polyvinylchloride

No adverse events occurred in the intervention or control group. Sixteen participants (rn = 4 intervention and

n =12 control) did not keep their randomised dressings on for the required 20-minute duration. Two main

factors challenged dressing adherence during acute data collection in the ED. First, excessive wound exudate

beneath the PVC film caused the dressings to slip off participant’s burns. Second, a number of paediatric

patients pulled at and removed their own dressings. Fidelity in these instances was compromised.

Throughout data collection, no children in the 4 — 8 age group reported having trouble self-reporting their

pain to the investigator using the FPS — R. Data were collected for dressing changes four (n = 8), five (n =4),

six (n=1), seven (n = 1), eight (n = 1), nine (» = 1) and ten (n = 1) for patients requiring multiple dressing

changes, but were not included in the analysis due to low numbers of participants in the trial requiring more

than four dressings.

Successful LDI scans were completed for 58 out of the 72 participants during their first burn dressing change.

The revised standard scale of 0 — 1000 PU was used to measure burn depth from LDI scans. In accordance

with previous studies, 0 — 250 PU indicated full thickness injuries, 250 — 625 PU represented deep dermal
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partial thickness burns, and >625 PU corresponded to superficial partial thickness burns [35]. T-tests
revealed no significant difference in LDI scores between the intervention or control group for mean
perfusion, p = 0.79. In addition, no difference in minimum LDI scores were found between the intervention
or control group, p = 0.20. Mean PUs for both groups were greater than or equal to 625 PU indicating
superficial partial thickness burn injuries. These values support clinical judgement from the treating surgical

consultants for burn depth assessment (see Table 1.)

3.2 Primary outcome

Acute pain scores collected in the ED before and after the application of the randomised dressing, and before
and after silver dressing application, are reported in Table 2 for the two groups. No significant between-
group differences in pain scores (assessed using the FLACC scale from nursing staff) were found between
paediatric patients who received Burnaid® dressings and those who received PVC film as an acute burn
dressing in the ED following initial presentation to the QCH and CRW first aid. No significant group
differences in FLACC scores were found post-randomised dressing application (Mean Difference: -0.1, 95%
CI: -0.7 t0 0.5, p = 0.72), pre-silver dressing application (Mean Difference: -0.3, 95% CI: -1 to 0.5, p = 0.51),

or post-silver dressing application (Mean Difference: 0, 95% CI: -0.8 to 0.9, p = 0.92).
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Table 2. Acute pain scores in the ED

Pain scale Time point N Intervention N Control Adjusted 95% CI p value
Mean (SD) Mean (SD) gef?:rence
FLACC Pre-dressing 35 1.2 (2.1) 23 0.7 (1.4) - - -
(0—10scale)  Post-dressing 36 0.4 (1.0) 35 0.4 (0.7) -0.1 -0.7t0 0.5 0.72
Pre-silver 36 0.4(1.2) 34 0.6 (1.6) -0.3 -1t0 0.5 0.51
Post-silver 35 0.8 (1.7) 33 0.7 (1.5) 0 -08t009 0.92
Peak pain 36 3424 34 3.9(2.8) 0.6 1.7t0 0.5  0.29
VAS Pre-dressing 9 38 (29) 2 20 (14) - - -
(0-100) Post-dressing 10 20 (22) 4 28 (36) -14 -37t09 0.22
Pre-silver 11 16 (21) 5 8 (18) 4 -18 to 26 0.74
Post-silver 7 31 (25 4 25 (44) -1 -31to 29 0.96
FPS-R Pre-dressing 9 3.3(3.7) 7 3.6 (2.6) - - -
(0-10) Post-dressing 10 28(4.2) 8 2.4(3.0) 0.3 -1.7t022  0.78
Pre-silver 11 1.5(3.3) 11 1.3(3.1) 0.6 -1.8t029 0.64
Post-silver 10 2.9(3.5) 10 3.0 (4.1) 0.1 3.1t033 096
VAS Pre-dressing 34 32 (28) 22 30 (21) - - -
Observer Post-dressing 34 22 (24) 31 21(19) 1 Stoll 078
(0-100) Pre-silver 35 18 (20) 34 18 (25) 0 -11to 11 0.96
Post-silver 33 24 (25) 32 18 (26) 6 -7 to 18 0.36

FLACC = face, legs, activity, cry, consolability scale; VAS = visual analogue scale; FPS-R = faces pain scale revises; SD = standard

deviation; CI = confidence interval. * Adjusted Mean Difference = Intervention Group — Control Group.

3.2.1 Ancillary Pain Measures

3.2.1.1. Parent and Caregiver Pain Scores (Observer VAS)

There were no significant differences in pain scores between the control and intervention group for
observational pain ratings from parents and caregivers assessed using the VAS Observer in the ED. No
significant between-group differences in VAS Observer pain scores were found between the intervention and
control groups for post-randomised dressing application (Mean Difference: 1, 95% CI: -8 to 11, p = 0.78),
pre-silver dressing application (Mean Difference: 0, 95% CI: -11 to 11, p = 0.96), or post-silver dressing

application (Mean Difference: 6, 95% CI: -7 to 18, p = 0.36) time points.
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3.2.1.2 Child reported pain (FPS-R and VAS)

Child self-report pain scores measured using the FPS-R and VAS showed no significant between-group
differences. Self-report FPS-R scores assessed post-dressing application (Mean Difference: 0.3, 95% CI: -1.7
to 2.2, p = 0.78), pre-silver application (Mean Difference: 0.6, 95% CI: -1.8 to 2.9, p = 0.64), and post-silver
dressing application (Mean Difference: 0.1, 95% CI: -3.1 to 3.3, p = 0.96) showed no significant group
differences. As burn injuries often affect infants and children under the age of five, a small number of
children recruited into the trial were aged over eight. The VAS for Pain is designed for children aged eight
years and older. As a consequence of the median patient age, low numbers of participants were able to use
this self-report pain scale and therefore limited statistical tests that could be performed. Median self-report
VAS scores are presented in Table 2 but should be interpreted with consideration of this sample size

limitation.

3.3 Secondary outcomes

3.3.1 Physiological measures

No significant difference in mean pulse rate (Mean Difference: -3, 95% CI: -11 to 5, p = 0.41) or temperature
(Mean Difference: 0.6, 95% CI: -0.13 to 0.24, p = 0.53) was detected between intervention and control

groups following the application of the randomised dressings in the ED (see Table 3).
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Table 3. Physiological measures in the ED

Measure Time point N Intervention N Control Adjusted Mean  95% CI p value
Difference
Mean (SD) Mean (SD)

Pulse Pre-dressing 34 111 (27) 24 112 (20) - - -

(Beats/minute) Post-dressing 34 104 (26) 32 109 (21) -3 -11to 5 0.41
Pre-silver 33 105 (26) 32 113 (21) -8 -16to 1 0.07
Post-silver 29 109 (25) 31 113 (24) -3 -12t0 6 0.52

Temperature Pre-dressing 35 36.34 25 36.42 - - -

(° Celsius) Post-dressing 36 36.42 33 36.36 0.6 -0.13t0 0.24 0.53
Pre-silver 36 36.43 33 36.33 0.12 -0.12 t0 0.37 0.33
Post-silver 34 36.44 33 36.32 0.14 -0.14 to 0.40 0.29

Alpha-amylase fMean (x/SD) fMean (x/SD)  tRatio of Means  95% CI

(units/mL) Pre-dressing 19 48 (%/2) 8 46 (%/3) - - -
Post-dressing 26 54 (x/3) 20 37 (x/2) 1.53 0.93 t0 2.53 0.10

SD = standard deviation; CI = confidence interval; mL = millilitre. ¥ Adjusted Mean Difference = Intervention Group — Control
Group. 1 Alpha-amylase data reported as geometric mean, geometric standard deviation, and ratio of geometric means.

3.3.2 Re-epithelialisation

Median (IQR) time to re-epithelialisation for the intervention group was 9 days (6.25 — 10.75) and 9 days
(7.5 — 14) for the control group. Clinical assessment from treating surgeons showed no significant between-
group differences in time to 95% re-epithelialisation, with a median difference (95% CI) equal to -1 (-3 to 1),
p = 0.26. With regards to the blinded assessment of burn wound images, exact agreement between the
treating surgical consultants and blinded review panel was used to examine agreement between health
professionals measuring time to re-epithelialisation [36]. Agreement on evaluation of re-epithelialisation was
found to be good (69% agreement) between the three expert reviewers and the treating surgeons (see

Appendix A for additional agreement data).

3.3.3 Biochemical stress markers

No significant difference in sSAA was found between the intervention and control group following the
application of the randomised dressing during acute care in the ED (see 7able 3). Children who received
Burnaid® dressings did not show a reduction in the biochemical stress marker in comparison to paediatric

patients who received PVC film (Geometric Mean Ratio: 1.53, 95% CI = 0.93 to 2.53, p = 0.10). Levels of
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SAA collected in the waiting room during dressing changes one (Geometric Mean Ratio: 1, 95% CI = 0.65 —
1.56, p = 0.97) and two (Geometric Mean Ratio: 1.14, 95% CI = 0.48 —2.71, p = 0.75) showed no significant
differences between children who received Burnaid® dressings in the ED and those who received PVC film

(see Appendix C).

3.3.4 Pain at first, second, and third dressing changes

Pain scores assessed in the Burns Outpatient Department during follow up dressing changes one to three are
reported in Appendix B for the two treatment groups. No statistical differences in observational or child self-
report follow up pain scores were found between children who received Burnaid® dressings and those who
received PVC film during acute care. Temperature and pulse rate assessed during follow up dressing changes
(as physiological indicators of pain) also showed no significant group differences over dressing changes one

to three (see Appendix C for physiological data).

4. Discussion

There has been an emergence of research demonstrating the importance of acute pain control in traumatic
injuries, emphasising the association between untreated pain and maladaptive outcomes such as: prolonged
wound healing [4, 5], long-term emotional disorders [6, 7], and chronic pain conditions [8, 9]. Pain is a chief
complaint for patients with burn injuries in the acute setting [37, 38]. Therefore, pre-hospital and acute care
providers have a crucial role in recognising and reducing the burden of pain for these patients. Reducing
acute pain is of particular importance for paediatric burn patients who often have to undergo numerous
painful and distressing medical procedures during their care. The better pain and distress are managed during
a child’s first visit to the ED for burn wound treatment— the lower the child’s chances are of developing
anticipatory anxiety and avoidance behaviours for future medical procedures [39]. Effective non-
pharmacological interventions for the management of acute burn pain are needed to supplement
pharmacological methods of pain reduction in paediatric patients [32, 40]. We were pleasantly reassured to
find most burn patients presenting to our ED had mild to no pain. Because of this, examining the
effectiveness of acute burn dressings on reducing acute pain score was restricted — and results from this
prospective RCT should be interpreted with the acknowledgement of this limitation. At present, there are no
high level trials supporting the use of Burnaid® hydrogel dressings for acute burn management. The aim of

this trial was to fill this gap in the literature, and examine the effectiveness of Burnaid® dressings on
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reducing acute pain scores in children with thermal burns. To the best of our knowledge, this is the first
prospective RCT conducted in a paediatric burn population examining the analgesic properties of a hydrogel

burn dressing in an ED setting.

Results from this prospective RCT should be interpreted with consideration of several limitations. First, very
few participants had moderate to severe pain scores following their initial presentation to the QCH prior to
recruitment into the trial. More than 60% of paediatric burn patients received observational pain scores of zero
(out of ten using the FLACC pain scale) from ED nursing staff - see Appendix D for complete pain score
frequencies. Moreover, an additional 19% of children received pain ratings equal to one (using the ten-point
scale) following initial presentation to the ED. A significant effect of the intervention on reducing acute burn
pain might not have been identified in this trial because pain scores were so low following patient’s first
presentation to hospital for their burn. Second, pre-hospital and referral services in Queensland acted to
provide comprehensive pharmacotherapies for pain management to paediatric patients with thermal burns
during transportation to the QCH. So much so that pain scores might have been too low to observe a
significant reduction following application of the intervention or control. A large proportion (78%) of patients
enrolled in the trial received three or more medication classes during their acute burn care in the ED — the

most common combination being paracetamol, ibuprofen, fentanyl for both groups (see Table I).

The last limitation relates to potential moderating effects. Non-pharmacological interventions such as
distraction are commonplace during paediatric medical procedures. Almost 70% of all participants received
additional distraction techniques during their acute burn treatment in the ED such as video distraction using
mobile phones and television, clown doctors, music therapists, bubbles, toys, and lollies (see Table 1). These
non-pharmacological interventions were left in place to simulate a real-world pragmatic trial, however could
have moderated the effect of the intervention. An effect of the intervention on reducing acute pain scores
might not have been detected due to the low pain scored at initial presentation and analgesia on-board at the
time of recruitment and data collection. It is therefore recommended that this research be replicated in the pre-
hospital setting — perhaps where acute pain scores are higher and thus analgesic benefits of the two acute burn

dressings may be more pronounced.
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5. Conclusion

It was predicted that Burnaid® dressings would provide superior analgesia for paediatric burn patients when
applied as an adjunct to CRW first aid, in comparison to PVC film (current standard practice). However, the
effect of the intervention on reducing acute pain scores was not supported in this investigation and we were
unable to show a clinically relevant treatment effect caused by the intervention — Burnaid® hydrogel
dressings. Results from this RCT found no significant between-group differences in observational pain
scores assessed using the FLACC pain scale from ED nursing staff — the primary outcome of the trial.
Moreover, no significant group-differences in parent/caregiver pain scores or child self-report pain scores
were identified during acute care in the ED or follow up wound care in the Burns OPD. The effect of the
intervention on additional outcomes including, time to re-epithelialisation, stress, temperature, heart rate, and
need for analgesic medication was also not supported. Research investigating adjunctive methods of pain
control for children with burns holds great translational value. It was predicted that an acute burn dressing
with additional cooling and evaporative properties would provide superior pain relief for children with
thermal burns, in comparison to PVC film. This was not supported, and Burnaid® dressings do not appear to
provide superior pain relief in comparison to PVC film when applied as an acute burn dressing following

first aid and initial presentation to the ED.
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Figure 1. Consort Flow Diagram
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Figure 2. Pain assessment timepoints during acute and follow up care
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Appendix A. Exact agreement between clinicians assessing time to re-epithelialization: Treating surgical

consultant versus blinded expert panel

Clinicians Agreement between Clinicians

oNOYTULT D WN =

9 Consultant and Reviewer 1 64%
11 Consultant and Reviewer 2 64%
13 Consultant and Reviewer 3 69%
15 Reviewer 1 and Reviewer 2 71%

Reviewer 1 and Reviewer 3 71%

Reviewer 2 and Reviewer 3 75%
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Pain Assessment Timepoint N (Intervention) Intervention N (Control)  Control Adjusted Mean p value
Mean (SD) Mean (SD) Difference (95% CI)
Nurse: FLACC (0 - 10)
1%t Dressing Change
Pre-removal 36 0.0 (0.0) 33 0.0 (0.2) 0.0 (-0.1 to 0) 0.3
Post-removal 34 1.3 (1.7) 31 1.1 (1.6) 0.2 (-0.7 to 1.0) 0.69
Pre-silver 28 0.1(0.3) 29 0.1 (0.4) 0.0 (-0.2t0 0.2) 0.73
Post-silver 28 0.4 (0.9) 28 0.2 (0.5) 0.2 (-0.2 t0 0.6) 0.36
Peak FLACC 34 2.1(1.9) 31 1.7 (1.5) 0.3 (-0.5t0 1.2) 0.41
2" Dressing Change
Pre-removal 26 0.0 (0.0) 28 0.0 (0.0) 0.0 (0.0) -
Post-removal 24 1.1(1.7) 27 0.6 (1.3) 0.5(-0.4 to 1.3) 0.25
Pre-silver 12 0.0 (0.0) 16 0.5 (1.5) -0.5(-1.4t0 0.4) 0.28
Post-silver 12 0.2 (0.4) 14 0.3 (0.7) -0.1 (-0.6 to 0.4) 0.62
Peak FLACC 24 1.6 (1.8) 27 1.0 (1.6) 0.6 (-0.3 to 1.6) 0.20
3" Dressing Change
Pre-removal 7 0.0 (0.0) 14 0.0 (0.0) 0.0 (0.0) -
Post-removal 7 0.1(0.4) 12 0.6 (0.7) -0.4 (-1.0t0 0.1) 0.13
Pre-silver 3 0.3 (0.6) 7 0.4 (1.1) -0.1(-1.7to 1.5) 0.9
Post-silver 3 0.0 (0.0) 7 0.0 (0.0) 0.0 (0.0) -
Peak FLACC 7 1.4(1.4) 13 0.8 (0.9) 0.6 (-0.5to 1.7) 0.27
Parent: VAS Observer (0 — 100)
15t Dressing Change
Pre-removal 34 8.2 (18.8) 32 3.4(9.7) 5(-3.0to 12.0) 0.2
Post-removal 33 31.5(37.9) 31 18.5(23.8) 13 (-3.0 to 29.0) 0.11
Pre-silver 27 18.9(28.2) 29 9.7 (17.6) 9(-3.0to 22.0) 0.14
Post-silver 27 19.1(26.7) 28 7.1(20.2) 12 (-1.0 to 25.0) 0.07
Peak VAS 33 42.1(352) 29 29.5(22.3) 13 (-3.0 to 28.0) 0.10
2" Dressing Change
Pre-removal 25 4.4 (11.6) 28 1.4 (4.5) 3(-2.0to0 8.0) 0.21
Post-removal 23 14.1(23.2) 27 9.6 (20.5) 5(-8.0to 17.0) 0.47
Pre-silver 11 7.7 (19.9) 15 2.7 (4.6) 5(-6.0 to 16.0) 0.35
Post-silver 11 12.3 (21.1) 13 3.1(8.5) 9 (-4.0 to 22.0) 0.16
Peak VAS 22 21.4(303) 26 13.8 (21.7) 8 (-8.0 to 22.0) 0.32
31 Dressing Change
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1

2

3 Pre-removal 7 4.3 (11.3) 13 2.3(8.3) 2(-7.0to 11.0) 0.66
g Post-removal 6 11.7(16.0) 11 8.2(10.8) 3 (-10.0 to 17.0) 0.60
6 Pre-silver 6 5.0(7.1) 7 8.6 (12.1) -4 (-25.0 to 18.0) 0.71
; Post-silver 3 0.0 (0.0) 6 3.3(8.2) -3 (-18.0 to 12.0) 0.60
?o Peak VAS 5 20.014.1) 11 11.8(11.7)  8(-6.0 to 23.0) 0.24
11 Child: FPS - R

1; 1%t Dressing Change

14 Pre-removal 8 0.00 (0.00) 10 0.1(0.3) 0.1 (-3t0.1) 0.39
12 Post-removal 9 2.7 (4.4) 9 2.43.4) 0.2 (-3.7t0 4.1) 0.91
17 Pre-silver 7 2.0 (3.5) 8 2.3 (3.6) 0.2 (-4.2 t0 3.7) 0.89
13 Post-silver 7 0.3 (0.8) 6 1.0 (1.7) -0.7 (2.3 to .8) 0.33
20 Peak FPS—R 9 2.7 (4.1) 7 1.7.(2.1) 1.0 (-2.7 to 4.6) 0.59
;; 2" Dressing Change

23 Pre-removal 5 0.00 (0.00) 6 1.7 (4.1) -1.7 (-5.8 t0 2.5) 0.39
;g Post-removal 6 0.7 (1.6) 5 2.0 (4.5) -1.3(-5.7t03.1) 0.51
26 Pre-silver 3 0.00 (0.00) 3 1.3 (2.3) 1.3 (-5102.4) 0.37
;273 Post-silver 3 0.00 (0.00) 3 13(23) 1.3 (-5t02.4) 0.37
29 Peak FPS-R 6 1.0 (1.7) 8 1.3 (3.5) 0.2 (-3.7 t0 3.2) 0.88
g? 3" Dressing Change

32 Pre-removal 2 0.00 (0.00) 3 3.3(5.8) 3.3 (-17 t0 10.4) 0.50
ii Post-removal 2 1.0 (1.4) 3 3.3(5.8) 2.3 (-16.2 to 11.6) 0.63
gg Pre-silver 2 1.0 (1.4) 2 0.0 (0.0) 1.0 (-3.3 t0 5.3) 0.42
37 Post-silver 2 2.0 (2.8) 0 - - -
gg Peak FPS-R 2 3.0 (1.4) 3 3.3(5.8) -0.3 (-14.2 to 13.6) 0.94
40 Child: VAS

2; 15t Dressing Change

43 Pre-removal 8 219(275) 7 7.1 (15.0) 15 (-11 to 40) 0.23
j;’ Post-removal 7 457 (41.6) 5 8.0 (11.0) 38 (-5 to 81) 0.08
46 Pre-silver 6 333(37.8) 4 30.0 (47.6) 3 (-39 to 65) 0.90
2273 Post-silver 5 28.0(25.9) 4 25.0(50.0) 3 (-57t0 63) 0.91
49 Peak VAS 8 52.5(41.) 6 23.3(40.8) 29 (-19t0 77) 0.21
?1) 2nd Dressing Change

52 Pre-removal 8 16.3(22.0) 5 4.0 (8.9) 12 (-11 to 35) 0.27
gi Post-removal 7 279(27.4) 5 4.0 (8.9) 24 (-5 to 52) 0.09
55 Pre-silver 5 16.026.1) 3 6.7 (11.5) 9 (-31 to 49) 0.59
ﬁ? Post-silver 5 120(17.9) 3 0.0 (0.0) 12 (-14 to 38) 0.30
gg Peak VAS 8 344(313) 7 5.7(9.8) 29 (2 to 55) 0.04
60
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3 Dressing Change
Pre-removal 3 8.3 (14.4) 2 0.0 (0.0) 8 (-26 -43)
Post-removal 3 26.7 (25.2) 2 15.0 (7.1) 12 (-49 to 73)
Pre-silver 2 5.0(7.1) 2 5.0(7.1) 0(-30to 30)
Post-silver 2 20.0(28.3) 2 0.0 (0.0) 20 (-66 to 106)
Peak VAS 2 40.0(14.1) 2 15.0 (7.1) 25(-23t0 73)

Page 32 of 40

0.50
0.58
>0.99
0.42
0.15

FLACC = face, legs, activity, cry, consolability scale; VAS = visual analogue scale; FPS-R = faces pain scale revises; SD =

standard deviation; CI = confidence interval. * Adjusted Mean Difference = Intervention Group — Control Group.
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Appendix C. Physiological measures at follow up dressing changes

Measure Time point Intervention Control Adjusted Mean p value
Difference (95% CI)
Mean (SD) Mean (SD)
Pulse rate 15t Dressing Change
(beats/minute) Pre-removal 104.1 (21.7) 109.9 (19.0) -6 (-17t0 5) 0.29
Post-removal 100.4 (23.6) 104.9 (17.4) -4 (-17to0 8) 0.47
Pre-silver 98.3 (25.8) 104.9 (15.3) -7(-20to 7) 0.33
Post-silver 99.3 (24.1) 109.6 (19.68) -10 (-24-3) 0.13
2" Dressing Change
Pre-removal 104.2 (21.4) 119.1 (22.7) -15(-30 to 0) 0.05
Post-removal 100.9 (20.9) 109.9 (23.0) -9(-25t07) 0.25
Pre-silver 95.7 (20.5) 104.0 (20.6) -8 (-29to 12) 0.41
Post-silver 95.7 (21.5) 104.3 (19.9) -9 (-33 to 16) 0.45
3" Dressing Change
Pre-removal 108 (12.2) 111.3 (27.8) -3 (-33to 16) 0.81
Post-removal 98.4 (19.9) 103.9 (18.8) -6 (-33 to 16) 0.60
Pre-silver 95.3(24.2) 94.8 (19.0) 1(-33to 16) 0.97
Post-silver 96.3 (31.1) 102.0 (28.3) -9 (-33 to 16) 0.81
Temperature 15t Dressing Change
(° Celsius) Pre-removal 36.1(0.4) 36.0 (0.4) 0.05 (-0.17 to 0.26) 0.66
Post-removal 36.3 (0.6) 36.2 (0.5) 0.05 (-0.23 to 0.33) 0.71
Pre-silver 36.2 (0.4) 36.2(0.5) 0.05(-0.29t00.19)  0.66
Post-silver 36.2(0.4) 36.3(0.5) -0.03 (-0.29 to 0.22) 0.81
2" Dressing Change
Pre-removal 35.9 (0.4) 35.9 (0.4) 0.02 (-0.21 to 0.25) 0.85
Post-removal 36.2(0.4) 36.3(0.5) -0.08 (-0.35 to 0.25) 0.57
Pre-silver 36.3(0.4) 36.3(0.4) -0.02 (-0.37 to 0.25) 0.9
Post-silver 36.2(0.4) 36.3(0.3) -0.16 (-0.43 to 0.25) 0.23
3% Dressing Change
Pre-removal 36.2 (0.9) 36.1(0.4) 0.19 (-0.44 to 0.83) 0.53
Post-removal 36.6 (0.6) 36.4 (0.3) 0.18 (-0.27 to 0.63) 0.4
Pre-silver 36.8(0.4) 36.2(0.3) 0.52 (-0.02 to 1.06) 0.06
Post-silver 36.9 (0.5) 36.4(0.2) 0.5 (-0.02 to 1.02) 0.06
Salivary a-amylase 1% Dressing Change TMean (x/SD) fMean (x/SD)
(U/mL) Pre-removal 39 (24 -170) 43 (23 -65) 1.00 (0.65 to 1.56) 0.97
2" Dressing Change
Pre-removal 43 (17 -106) 28 (14-177) 1.14 (0.48 t0 2.71) 0.75
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SD = standard deviation; CI = confidence interval. U/mL = units per milliliter. * Adjusted Mean Difference = Intervention

Group — Control Group.
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1
2
i Appendix D. Pain score frequencies during acute care in the ED
5
? Pain Scale and Timepoint Pain Score N (Intervention) Burnaid® N (%) N (Control)  Plastic Wrap N (%)
8 FLACC (0 — 10 scale) n=35 n=23
?0 FLACC Pre-dressing 0 18 (51%) 16 (70%)
11 1 9 (26%) 3 (13%)
12
13 2 4 (11%) 2 (9%)
14 3 1 (3%) 1 (4%)
15
16 5 1 (3%) 0 (0%)
17 6 1 (3%) 1 (4%)
18
19 10 1 (3%) 0 (0%)
20 FLACC Post-dressing n =136 n=35
21
22 0 30 (83%) 26 (74%)
23 1 1 (3%) 5 (14%)
24
25 2 3 (8%) 4 (11%)
26

3 1 (3% 0 (0%
57 (3%) (0%)
28 4 1 (3%) 0 (0%)
;g FLACC Pre-Ag n =236 n =234
31 0 31 (86%) 24 (71%)
32

1 1 (3% 5(15%
33 (3%) (15%)
34 2 2 (6%) 4 (12%)
35 0 .
36 3 1 (3%) 0 (0%)
37 6 1 (3%) 0 (0%)
38
39 9 0 (0%) 1 (3%)
40 FLACC Post-Ag n=35 n=33
41
42 0 26 (74%) 24 (73%)
43 1 2 (6%) 2 (6%)
44
45 2 3 (9%) 4 (12%)
46 3 1 (3%) 1 (3%)
47
48 4 2 (6%) 1 (3%)
49 7 0 (0%) 1 (3%)
50
51 8 1 (3%) 0 (0%)
gg FLACC Peak n =136 n =34
54 0 5 (14%) 4 (12%)
gg 1 3 (8%) 4 (12%)
57 2 7 (19%) 3 (9%)
58

3 6 (179 4 (129
59 (17%) (12%)
60
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4 5 (14%) 7 (21%)
5 2 (6%) 2(6%)
6 3 (8%) 4 (12%)
7 2 (6%) 1 (3%)
8 3 (8%) 3 (9%)
9 0 (0%) 1 (3%)
10 0 (0%) 1 (3%)
Observer VAS (0 — 100 scale) n =234 n=22

VAS Observer Pre-dressing 0 9 (26%) 4 (18%)
10 3 (9%) 3 (14%)
20 4 (12%) 1 (5%)
30 4 (12%) 3 (14%)
40 4 (12%) 6 (27%)
50 0 (0%) 4 (18%)
55 1 (3%) 0 (0%)
60 4 (12%) 0 (0%)
70 3 (9%) 0 (0%)
80 1 (3%) 1 (5%)
100 1 (3%) 0 (0%)

VAS Observer Post-dressing n =234 n=31
0 14 (41%) 10 (32%)
10 1 (3%) 3 (10%)
20 6 (18%) 5 (16%)
25 0 (0%) 1 3%)
30 4 (12%) 5 (16%)
35 0 (0%) 1 (3%)
40 2 (6%) 2 (6%)
50 1 (3%) 2 (6%)
60 4 (12%) 2 (6%)
70 2 (6%) 0 (0%)

VAS Observer Pre-Ag n =235 n=234
0 15 (43%) 14 (41%)
10 2 (6%) 7 (21%)
20 7 (20%) 4 (12%)
30 5 (14%) 3 (9%)
40 1 (3%) 1 (3%)
50 2 (6%) 2 (6%)
60 3 (9%) 1 (3%)
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80 0 (0%) 1 (3%)
100 0 (0%) 1 (3%)
VAS Observer Post-Ag n =233 n=32
0 12 (36%) 16 (50%)
10 2 (6%) 4 (13%)
20 6 (18%) 5 (16%)
30 4 (12%) 0 (0%)
40 1 (3%) 1 (3%)
50 3 (9%) 2 (6%)
60 4 (12%) 2 (6%)
70 0 (0%) 1 (3%)
100 1 (3%) 1 3%)
FPS — R (0 — 10 scale) n=9 n="7
FPS — R Pre-application 0 4 (44%) 1 (14%)
2 0 (0%) 2 (29%)
4 3 (33%) 2 (29%)
5 0 (0%) 1 (14%)
8 1 (11%) 1 (14%)
10 1 (11%) 0 (0%)
FPS — R Post-application n=10 n=9
0 6 (60%) 4 (44%)
2 1 (10%) 2 (22%)
4 0 (0%) 1 (11%)
6 1 (10%) 1 (11%)
8 0 (0%) 1 (11%)
10 2 (20%) 0 (0%)
FPS — R Pre-Ag n=11 n=11
0 8 (73%) 9 (82%)
1 1 (9%) 0 (0%)
4 0 (0%) 1 (9%)
6 1 (9%) 0 (0%)
10 1 (9%) 1 (9%)
FPS — R Post-Ag n=10 n=10
0 4 (40%) 5 (50%)
1 1 (10%) 0 (0%)
2 1 (10%) 2 (20%)
4 1 (10%) 0 (0%)
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6 2 (20%) 1 (10%)
10 1 (10%) 2 (20%)
Child Self-report VAS (0 — 100 scale) n=9 n=2
VAS Pre-application 0 2 (22%) 0 (0%)
10 0 (0%) 1 (50%)
20 1 (11%) 0 (0%)
30 1 (11%) 1 (50%)
40 1 (11%) 0 (0%)
50 2 (22%) 0 (0%)
70 1 (11%) 0 (0%)
85 1 (11%) 0 (0%)
VAS Post-application n=10 n=4
0 4 (40%) 1 (25%)
10 0 (0%) 1 (25%)
20 3 (30%) 1 (25%)
30 1 (10%) 0 (0%)
50 1 (10%) 0 (0%)
60 1 (10%) 0 (0%)
80 0 (0%) 1 (25%)
VAS Pre-Ag n=11 n=>5
0 5 (45%) 4 (80%)
10 1 (9%) 0 (0%)
20 3 (27%) 0 (0%)
40 0 (0%) 1 (20%)
50 1 (9%) 0 (0%)
60 1 (9%) 0 (0%)
VAS Post-Ag n="7 n=4
0 2 (29%) 2 (50%)
10 0 (0%) 1 (25%)
20 1 (14%) 0 (0%)
40 2 (29%) 0 (0%)
55 1 (14%) 0 (0%)
60 1 (14%) 0 (0%)
90 0 (0%) 1 (25%)

N = number of participants; FLACC = face, legs, activity, cry, consolability scale; VAS = visual analogue scale; FPS-R =

faces pain scale revises; Ag = silver dressing.
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conclusions

Introduction

Background and #2a  Scientific background and explanation of rationale 3-4
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Background and #2b  Specific objectives or hypothesis 3-4
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Methods

Trial design #3a  Description of trial design (such as parallel, factorial) 4
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When applicable, explanation of any interim analyses and
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Method used to generate the random allocation sequence.
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Abstract
Objective
To compare the effectiveness of two acute burn dressings, Burnaid® hydrogel dressing and plasticised

polyvinylchloride film, on reducing acute pain scores in paediatric burn patients following appropriate first

aid.

Design

Single-centre, superiority, two-arm, parallel-group, prospective randomised controlled trial.

Participants and Setting
Paediatric patients (aged < 16) presenting to the Emergency Department at the Queensland Children’s
Hospital, Brisbane, Australia, with an acute thermal burn were approached for participation in the trial from

September 2017 — September 2018.

Interventions
Patients were randomised to receive either (1) Burnaid® hydrogel dressing (Intervention) or (2) plasticised

polyvinylchloride film (Control) as an acute burn dressing.

Primary and Secondary Outcomes

Observational pain scores from nursing staff assessed 5-minutes post-application of the randomised dressing,
measured using the Face Legs Activity Cry and Consolability Scale was the primary outcome. Repeated
measures of pain, stress, and re-epithelialisation were also collected at follow-up dressing changes until 95%

wound re-epithelialisation occurred.

Results

Seventy-two children were recruited and randomised (z = 37 Intervention; n = 35 Control). No significant
between-group differences in nursing (Mean Difference: -0.1, 95% CI: -0.7 to 0.5, p = 0.72) or caregiver
(MD: 1, 95% CI: -8 to 11, p = 0.78) observational pain scores were identified. Moreover, no significant
differences in child self-report pain (MD: 0.3, 95% CI: -1.7 to 2.2, p = 0.78), heart rate (MD: -3, 95% CI: -11
to 5, p =0.41), temperature, (MD: 0.6, 95% CI: -0.13 to 0.24, p = 0.53), stress (Geometric Mean Ratio: 1.53,
95% CI: 0.93 to 2.53, p = 0.10), or re-epithelialisation rates (MD: -1, 95% CI: -3 to 1, p = 0.26) were

identified between the two groups.
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Conclusions
A clear benefit of Burnaid® hydrogel dressing as an analgesic adjunct to first aid for the treatment of acute

paediatric burns was not identified in this investigation.

Trial Registration

Australia and New Zealand Clinical Trials Register (ACTRN): ACTRN12617001274369

Article Summary
Strengths and limitations of this study
*  First randomised controlled trial investigating analgesic properties of acute burn dressings in a
paediatric burn population
* Pain was assessed using age-specific and reliable self-report and observational scales, in addition to
physiological measures of pain and distress.
* This investigation was pragmatic in nature, replicating real-world clinical scenarios where acute burn
dressings are used.
* Lack of representativeness within the patient sample (small to medium sized burns in children aged
between 0 — 5 years) may limit generalisability of the findings to the broader paediatric burn

population.

Key Words

Burns, Paediatric Emergency Medicine, Randomised Controlled Trial, Pain
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1. Introduction

Pain remains a major issue following a burn, and research suggests that pain from burn injuries continues to
be undertreated in children [1]. The subsequent wound care required to treat a burn is also associated with
significant pain and distress — thus burn pain comprises a challenging spectrum of acute, background,
breakthrough, and procedural pain [2, 3]. The aim of this trial was to provide health practitioners with
evidence to support the use of an acute burn dressing that is superior in terms of pain relief for paediatric
patients with acute thermal burn injuries. Optimising pain management for paediatric burn patients is more
than just a compassionate need to reduce suffering — despite that being a sufficient motivator for health care
professionals. Improving acute pain control for children with traumatic injuries such as a burn is critical, as
suboptimal analgesia can prolong wound re-epithelialisation [4, 5]. Moreover, adverse and uncontrolled pain
can have long-term emotional consequences [6, 7] and influence pain perception and processing later in life

8, 9].

Topical administration of cool running water (CRW) for 20 minutes within 3 hours of the burn occurring is
the recommended gold standard first aid for burn injuries, in accordance with the Australian and New
Zealand Burn Association [10-14]. Following first aid, guidelines recommend burn wounds to be covered
with a sterile dressing to maintain a moist wound environment, minimise the risk of infection, and prevent air
exposure — as this can be quite painful for patients with acute burns [15]. Characteristics of an ideal acute
burn dressing include a transparent non-adherent design, easy application and removal, and protection from
environmental exposure. Plasticised polyvinylchloride (PVC) film fulfils this criteria, and excluding the
application to facial burns, is an inexpensive and practical dressing for acute burn injuries in the prehospital
and Emergency Department (ED) setting. For this reason, PVC film has been used in the management of
acute burns for over four decades. However, the preferred acute burn dressing varies between prehospital

services in different states and countries.

Over the past decade, Burnaid® hydrogel dressings have gained widespread use in the prehospital setting for
acute burn injuries — and are promoted as providing hydration to the burn wound and pain relief via a
convection and evaporative cooling effect [16]. Burnaid® dressings comprise of a 3mm thick sterile polyester
urethane foam pad impregnated with a propylene glycol gel, which contains more than 90% purified water.

Despite its popularity amongst prehospital services, there is limited empirical evidence for the effectiveness
3
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of hydrogel burn dressings, and no studies have been conducted in a paediatric burn population. At present,
there is no robust empirical evidence to support the adoption of one particular acute burn dressing over the
others. With the continual development of expensive wound care products, it is important that we validate
their use and effectiveness within the targeted clinical population. This trial examined the effectiveness of
Burnaid® hydrogel dressings as an analgesic adjunct to first aid for the treatment of acute paediatric burns in

comparison to current standard practice — PVC film.

2. Methods

2.1 Design and setting

We conducted a prospective, single-centre, superiority, randomised controlled trial (RCT) examining the
effectiveness of a hydrogel dressing as an analgesic adjunct to first aid for the treatment of acute paediatric
burn injuries, compared to current standard care. We used a two-arm parallel design with a 1:1 allocation
ratio. Participants were recruited between September 2017 — September 2018 from the ED and the Pegg
Leditschke Children’s Burns Outpatient Department (OPD) at the Queensland Children’s Hospital (QCH)
following initial presentation for their burn. The QCH serves as the major burns referral centre for
Queensland and Northern New South Wales, treating over 1200 paediatric patients with burn injuries per

annum.

2.2 Patient and public involvement

Patients and/or the public were not involved in the development of this research. However, relevant
stakeholders and knowledge users (i.e. prehospital staff, clinicians, and nurses) were involved in the initial

development of the trial, refinement of research questions, and identification of current knowledge gaps.

2.3 Protocol and registration

This trial received ethics approval from The Queensland Children’s Health Service Human Research Ethics
Committee (approval number: HREC/16/QRCH/322) and The University of Queensland Ethics Committee
(clearance number: 2017000979). Study methodology was documented in a published protocol [17] and
registered with the Australian New Zealand Clinical Trials Registry (ID number: ACTRN12617001274369)
on the 5" September 2017 prior to recruitment. This trial was completed as per the published protocol [17],

which contains a more in-depth description of the trial’s design and methods.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 7 of 43 BMJ Open

oNOYTULT D WN =

2.4 Participants

2.4.1 Inclusion criteria
Inclusion criteria: children aged between 0 — 16 years with an acute thermal burn < 20% of the child’s total
body surface area (TBSA), presented to the ED or Burns OPD within 24 hours of sustaining the burn,

received optimal first aid, and no silver dressings or silver sulphadiazine cream applied prior to enrolment.

2.4.2 Exclusion criteria

Exclusion criteria included: children with non-thermal burns or inhalation injuries, presented to the QCH
more than 24-hours post-burn, inadequate first aid, prior treatment with silver wound products, non-English
speaking, cognitive impairments, required ventilation or initial debridement under general anaesthetic,
current involvement with Department of Communities, known sensitivity to hydrogels, and patients with
comorbidities that could impair wound healing or exacerbate/alter pain (i.e. metabolic congenital disorders,

spinal cord defects/injuries, insensate patients).

[INSERT Figure 1. CONSORT Flow Diagram]

2.5 Procedures

Participant enrolment and intervention allocation are described above in Figure 1. All participants (if age
appropriate) and caregivers were given verbal and written information about the research, and provided
signed consent to participate in the trial. After obtaining informed consent, participants were stratified by
pain risk (1. High Pain or 2. Low Pain) according to factors that could influence pain in paediatric burn
patients. Factors were based on findings from a retrospective review of data from the Queensland Paediatric
Burns Registry (unpublished hospital quality review). Participants presenting to the ED or Burns OPD with
one or more of the following criteria were considered at high pain risk: unilateral or bilateral foot burns,
campfire/hot coal burns, circumferential burn injuries, and burns >5% TBSA. Following stratification,
patients were randomised to receive either (1) Burnaid® hydrogel dressing (Intervention) or (2) PVC film
(Control). A computerised random number sequence-generating program was used for participant
randomisation. Concealment of treatment allocation were performed via the use of sealed, opaque, identical,

consecutively numbered envelopes prepared in advance by an independent third-party.
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Due to the pragmatic nature of this trial, researchers could not be blinded to which randomised dressing
patients received. Researchers were required to be present when the acute burn dressings were applied and
removed to obtain pain scores and additional outcome measures from the child, caregiver, and medical staff.
Treating clinicians, nursing staff, patients, and caregivers were also not blinded to which treatment
participants received as dressings were visible on the patient’s burn. Because these dressings are topical,
concealment during patient treatment in the ED was not possible. To include an element of blinding in the
trial, a specialist panel of burn surgeons and senior nurses performed a blinded review of 3D wound images
to determine rate of re-epithelialisation at each dressing change until > 95% burn re-epithelialisation

occurred.

[INSERT Figure 2. Pain assessment timepoints during acute and follow up care]

Pain was assessed in the ED (Figure 24) at four timepoints relative to the child’s acute treatment for their
burn: (T1) Pre-randomised dressing application, (T2) Post-randomised dressing application, (T3) Pre-silver
dressing application, and (T4) Post-silver dressing application. Peak pain during wound cleaning and
debridement was also collected from nursing staff using the FLACC, aiming to capture the worst/maximal
pain experienced during acute treatment. During subsequent dressing changes in the Burns OPD (Figure 2B),
pain was assessed at four time points relative to the child’s follow up treatment: (T1) Pre-silver-dressing
removal, (T2) Post-silver dressing removal, (T3) Pre-silver dressing application, (T4) Post-silver dressing
application. Peak pain during wound cleaning was also documented during dressing changes. Observational
pain scores from ED nursing staff assessed post-application of the randomised dressings (T2 in Figure 24)
was the primary outcome measure of the trial. Pain at T2 was assessed five minutes after the application of
the randomised dressings for all participants — to give the dressings a standard period of time on the wound

before pain assessment.

Additional measures collected at each of the eight aforementioned timepoints during the child’s acute and
follow up care included: a saliva sample (to measure biomarkers of stress), heart rate, and temperature. The
duration of each burn care procedure was timed in the ED and Burns OPD. Information regarding analgesic
medication administered to the patient prior to enrolment in the trial was obtained from Ambulance chart

records and referral notes. All medication administered to patients following presentation to the QCH was
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recorded, in addition to all non-pharmacological interventions such as distraction techniques, rewards,

procedural preparation, and music/behavioural therapies.

2.6 Interventions

2.6.1 Intervention — Burnaid® hydrogel dressing

Burnaid® hydrogel dressing (Mundicare®, Sydney, Australia) served as the treatment intervention in this trial.
Burnaid® products previously contained Melaleuca Alternifolia (tea tree) for its broad-spectrum antimicrobial
properties, however inclusion of this active ingredient has since ceased and no tea tree containing Burnaid®

products were used in this investigation.

2.6.2 Control — Plasticised polyvinylchloride film
Plasticised PVC film (also known as plastic wrap, cling film, and Saran™ wrap) is a thin (< 25um) food-

wrap that has been used in the management of acute burn injuries for over four decades [18, 19].

2.7 Measurements

2.7.1 Primary outcome measure

Observational pain scores from ED nursing staff was the primary outcome measure of the trial, and was
assessed using the Face, Legs, Activity, Cry and Consolability (FLACC) scale. The FLACC scale is a five-
item composite tool measuring aspects of both pain and distress in children. The scale consists of five
categories of behaviour, each of which are scored on a 0 to 2-point scale, giving a total score ranging from 0
to 10 [20]. The FLACC has been described in the literature as a reliable and well-validated pain assessment
tool for postoperative pain in patients age between 0 — 7, and has shown correlations with child self-report

pain measures [21, 22].

2.7.2  Additional Measures of Pain

2.7.2.1 Child self-report (ages 4 — 8 years)

Child self-report pain scores were assessed using the Faces Pain Scale — Revised (FPS — R). The FPS—R is a
linear self-report scale designed for pain assessment in children over the age of four [23, 24]. The item is
composed of six-points (six-faces with differing expressions) with a lower anchor of no pain and an upper

anchor of very much pain.
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2.7.2.2 Child self-report (ages 8+)
For patients over the age of eight, self-report pain was assessed using the Visual Analogue Scale for Pain
(VAS). The VAS has been described in the literature as a reliable and well-validated pain assessment tool for

use in older children [25, 26].

2.7.2.3 Parent (observational) report

Parent/caregiver observational pain scores were assessed using the Observer Visual Analogue Scale for Pain
(VAS Observer) for pre-verbal paediatric patients and those under the age of four. The VAS Observer has
been shown to be a reliable and valid observational pain scale for use in a non-verbal paediatric population,

and for children who are unable to self-report their pain [27].

2.7.3 Secondary outcome measures

2.7.3.1 Re-epithelialisation

Burns were considered re-epithelialised if > 95% of the original wound area had re-epithelialised, and the
patient no longer required silver dressings. Wound re-epithelialisation was assessed using two methods.
First, clinical judgement from the treating surgical consultant was determined at each dressing change.
Second, a panel of paediatric burn specialists performed a blinded review of 3D images (3D LifeViz™

System; QuantifiCare, Valbonne, France) of patient’s burn wounds taken at each dressing change.

2.7.3.2 Stress

Stress was assessed in this trial using a-amylase — a biochemical stress marker produced locally within
salivary glands. Patients placed a SalivaBio Oral Swab™ (Salimetrics Europe Ltd., Newmarket, UK) under
their tongue for 2 minutes for saliva collection. Salivary Alpha-Amylase Kinetic Enzyme Assay Kits (Item
No. 1-1902, Salimetrics Inc) were used to quantify a-amylase, as per the manufacturer’s instructions. The
trial protocol included assessments of levels of a-amylase and cortisol as indicators of stress during burn
wound treatment in the ED and subsequent dressing changes. Salivary a-amylase (sAA) was selected over
cortisol based on previous research conducted at the Pegg Leditschke Paediatric Burns OPD [28]. This
research found sAA to be responsive to stress during wound care procedures, and also found an association
between sAA and pain in children with thermal burns during dressing changes. Moreover, follow up
appointments occur during a morning clinic which runs from 7.30am — 10am. Cortisol levels are known to

peak within 30 — 45 minutes of waking up and then decrease due to diurnal variation. Due to the timing of
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sample collection, sSAA was deemed to be a more appropriate measure of stress in this trial. Saliva samples

were analysed from the following timepoints:

1. Pre- and post-application of the randomised dressing (i.e. Burnaid® or PVC film)

2. Following patient arrival in the Burns OPD for their first dressing change — prior to premedication
and silver dressing removal

3. Following patient arrival in the Burns OPD for their second dressing change — prior to premedication

and silver dressing removal

2.7.3.3. Staff and caregiver perspectives on dressings

Dressing satisfaction from clinical staff regarding ease of randomised dressing application, ease of removal,
flexibility, and conformity were rated using a self-report 0 — 10 Numeric Rating Scale (NRS) for both
Burnaid® dressings and PVC film from ED nursing staff. Parent/caregiver ratings on ease of dressing
application, removal, comfort, and ease of movement were also assessed using a 0 — 10 NRS. It is
acknowledged that ease of dressing measurements within the ED were confounded due to lack of blinding,

and as a result of the variable nature, size, and anatomical location of the areas to be dressed.

2.7.3.4 Demographic and clinical information

Demographic and clinical details were obtained from parents/caregivers and medical records including age,
sex, burn mechanism, area affected, estimated burn TBSA, and prehospital care (such as first aid and
pharmacological interventions). Treating surgical staff first assessed burn TBSA in the ED following wound
debridement using a modified version of the Lund and Browder chart [29]. Burn TBSA was also assessed at
each change of dressing from the child’s treating consultant until the burns were considered to be 95% re-
epithelialised. Burn depth was assessed using two methods in the trial. First, clinical judgment from the
treating surgical consultant was reported following initial patient presentation to the hospital, and at each
follow up appointment in the Burns OPD for dressing changes. Second, burn depth was assessed using rapid
imaging with Moor LDLS-BI™ Laser Doppler Imager (Moor Instruments Limited, Devon, United
Kingdom). Laser Doppler Imaging (LDI) is a non-contact technique used in the assessment of burn injuries
to measure skin blood perfusion at the surface of the burn wound [30]. LDI measures the extent of micro-

vessel blood flow within the whole burn area, providing information on burn depth via microcirculation
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expressed as “perfusion units” (PU) [31, 32]. Participants had their burn wounds scanned using LDI on their
first change of dressing (72 — 120 hours post-burn) in the Burns Outpatient Department to obtain mean and
minimum PU. This time period for LDI is in accordance with the manufactures instructions, and has been

established as acceptable time frame in recent studies [33, 34].

2.8 Statistical Analysis

In accordance with previous studies aiming to reduce pain in paediatric burn patients, we expected pain
scores within each treatment group to have a normal distribution and a standard deviation (SD) of 2.4 [35].
Data were analysed on an intent-to-treat basis. Sample size was estimated at 29 experimental (intervention)
participants and 29 control participants to detect a significant between-group difference of 1.8 in pain scores
post-dressing application. With power equal to 0.8, a set at 0.05, and up to a potential 20% loss to follow-up,
the calculated target sample size was 72 participants. Between-group differences in primary and secondary
outcomes were estimated using mixed models in Stata version 16 [36]. Random effects for patients
accounted for the repeated measures, and restricted maximum likelihood method with Kenward-Rogers
degrees of freedom was used. Each model included data at baseline (i.e. pre-dressing) and at one follow-up
time, and assumed no population differences at baseline, a change from baseline in the control group and a
different change from baseline in the intervention group. Adjusted mean differences (Intervention - Control)
and 95% confidence intervals (Cls) are reported. The SAA data was log-transformed, and the adjusted ratio

of geometric means (Intervention + Control) are reported [37].

3. Results

3.1 Sample and demographic characteristics
Seventy-two paediatric burn patients were randomised and recruited into the trial. Four participants were lost
to follow up and had no additional data collected past the initial point of treatment in the ED. Patient

demographic details and baseline characteristics are presented in Table 1.

10
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Table 1. Participant demographic and clinical variables

BMJ Open

Intervention Control
Variable
N=37 N=35

Patient age (years)

0-3 20 (54%) 27 (77%)

4-7 9 (24%) 5 (14%)

8-16 8 (22%) 3 (9%)
Indigenous status

Not indigenous 34 (92%) 33 (94%)

Aboriginal 2 (5%) 2 (6%)

Torres Strait Islander 1 (3%) 0 (0%)
Gender

Male 22 (59%) 19 (54%)
Mechanism of injury

Scald 26 (70%) 28 (80%)

Contact 8 (22%) 7 (20%)

Flame 2 (5%) 0 (0%)

Flash 1 (3%) 0 (0%)
Burn source

Hot beverage 10 (27%) 14 (40%)

Water from kettle/saucepan/tap 7 (19%) 10 (29%)

Noodles 7 (19%) 3 (9%)

Food (other) 1 (3%) 1 (3%)

Stove/oven/barbeque 4 (11%) 3 (9%)

Lighter 2 (5%) 0 (0%)

Hair straightener/curling iron 1 (3%) 2 (6%)

Fireplace/sun heated metal 2 (5%) 2 (6%)

Hot oil/wax 2 (5%) 0 (0%)

Aerosol can explosion 1 (3%) 0 (0%)
Burn TBSA percentage 2(1-4) 2(1-4)
Burn depth

Superficial partial thickness 30 (81%) 24 (69%)

Deep dermal partial thickness 7 (19%) 11 (31%)
Burn wound perfusion TN=48 TN =43

LDI Mean PU 696 (293) 679 (276)

LDI Minimum PU 144 (143) 110 (104)

11
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Anatomical region affected
Upper limb and/or hand 19 (51%) 20 (57%)
Lower limb and/or foot 11 (30%) 10 (29%)
Chest, abdomen, and/or back 12 (32%) 13 (37%)
Head, face, and/or neck 8 (22%) 10 (29%)
Buttocks, perineum, and/or genitals 5 (14%) 2 (6%)
Number of anatomical regions affected
1 24 (65%) 21 (60%)
2 8 (22%) 9 (26%)
3 5 (14%) 4 (11%)
4 0 (0%) 1 (3%)
Required medication in the ED
Paracetamol 32 (86%) 33 (94%)
Ibuprofen 26 (70%) 28 (80%)
Oxycodone 21 (57%) 21 (60%)
Fentanyl 28 (76%) 27 (77%)
Nitrous 4 (11%) 4 (11%)
Ketamine 1 (3%) 1 (3%)
Methoxyflurane 2 (5%) 1 (3%)
Morphine 1 (3%) 0 (0%)
Midazolam 1 (3%) 0 (0%)
Polypharmacy
0 1 (3%) 0 (0%)
1 4 (11%) 3 (9%)
2 4 (11%) 4 (11%)
3 14 (38%) 12 (34%)
4 10 (27%) 12 (34%)
5 2 (5%) 4 (11%)
6 2 (5%) 0 (0%)
Distraction Techniques
Nil 13 (35%) 9 (26%)
Lollies/food 1 (3%) 4 (11%)
Sleeping 2 (5%) 1 (3%)
Television/phone distraction 15 (41%) 11 31%)
Bubbles/toys 5 (14%) 7 (20%)
Music therapy/clown doctors 1 (3%) 2 (6%)
Ditto™ distraction device 0 (0%) 1 (3%)
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Definitive dressings applied in ED
Acticoat™ 3 + Mepitel™ + Hypafix®
Acticoat™ 7 + Mepitel™ + Hypafix®
Mepilex Ag™ + Hypafix®
Paraffin wax

Time (minutes) to ED presentation

Time (minutes) spent in ED

Time (minutes) dressing was applied to burn
Documented first aid (20 minutes CRW)
QAS applied Burnaid®

QAS applied PVC film

High pain risk stratum

13 (35%)

7 (19%)

16 (43%)

1 (3%)
N=36

90 (66 — 137)
106.5 (66 — 151)
34 (22-61)
36 (97%)

11 (30%)

8 (22%)

8 (22%)

10 (29%)

8 (23%)

16 (46%)

1 (3%)
N=34

79 (60 — 119)
113 (76 — 180)
35 (5-150)
34 (97%)

7 (20%)

11 (31%)

9 (26%)

Data are presented as median (IQR) for continuous measures, and N (%) for categorical measures unless stated otherwise. T As a

result of patients having multiple burns to different anatomical regions, LDI scans were taken of 91 burn wounds from 58 patients: n =

48 burns for the intervention group and # = 43 wounds for the control. N = number of participants; ED = emergency department;

CRW = cold running water; QAS = Queensland ambulance service, TBSA = total body surface area; LDI = laser Doppler imaging;

PU = perfusion units; PVC = plasticized polyvinylchloride.

No adverse events occurred in the intervention or control group. Sixteen participants (rn = 4 intervention and

n =12 control) did not keep their randomised dressings on for the required 20-minute duration. Two main

factors challenged dressing adherence during acute data collection in the ED. First, excessive wound exudate

beneath the PVC film caused the dressings to slip off participant’s burns. Second, a number of paediatric

patients pulled at and removed their own dressings. Fidelity in these instances was compromised.

Throughout data collection, no children in the 4 — 8 age group reported having trouble self-reporting their

pain to the investigator using the FPS — R. Data were collected for dressing changes four (n = 8), five (n =4),

six (n=1), seven (n = 1), eight (n = 1), nine (» = 1) and ten (n = 1) for patients requiring multiple dressing

changes, but were not included in the analysis due to low numbers of participants in the trial requiring more

than four dressings.

Successful LDI scans were completed for 58 out of the 72 participants during their first burn dressing change.

The revised standard scale of 0 — 1000 PU was used to measure burn depth from LDI scans. In accordance

with previous studies, 0 — 250 PU indicated full thickness injuries, 250 — 625 PU represented deep dermal
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partial thickness burns, and >625 PU corresponded to superficial partial thickness burns [38]. T-tests
revealed no significant difference in LDI scores between the intervention or control group for mean
perfusion, p = 0.79. In addition, no difference in minimum LDI scores were found between the intervention
or control group, p = 0.20. Mean PUs for both groups were greater than or equal to 625 PU indicating
superficial partial thickness burn injuries. These values support clinical judgement from the treating surgical

consultants for burn depth assessment (see Table 1.)

3.2 Primary outcome

Acute pain scores collected in the ED before and after the application of the randomised dressing (T1 and
T2), and before and after silver dressing application (T3 and T4), are reported in 7able 2 for the two groups.
No significant between-group differences in pain scores (assessed using the FLACC scale from nursing staff)
were found between paediatric patients who received Burnaid® dressings and those who received PVC film
as an acute burn dressing in the ED following initial presentation to the QCH and CRW first aid. No
significant group differences in FLACC scores were found post-randomised dressing application (Mean
Difference: -0.1, 95% CI: -0.7 to 0.5, p = 0.72), pre-silver dressing application (Mean Difference: -0.3, 95%
CI: -1t0 0.5, p = 0.51), or post-silver dressing application (Mean Difference: 0, 95% CI: -0.8 t0 0.9, p =

0.92).
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Table 2. Acute pain scores in the ED

Pain scale Time point N Intervention N Control Adjusted 95% CI p value
Mean (SD) Mean (SD) gef?:rence
FLACC Tl 35 1.2(2.1) 23 0.7 (1.4) - - -
(0—10scale) T2 36 0.4 (1.0) 35 0.4 (0.7) -0.1 -0.7t0 0.5 0.72
T3 36 0.4(1.2) 34 0.6 (1.6) -0.3 -1t0 0.5 0.51
T4 35 0.8 (1.7) 33 0.7 (1.5) 0 -08t009 0.92
Peak Pain 36 3424 34 3.9(2.8) 0.6 1.7t0 0.5  0.29
VAS Tl 9 38 (29) 2 20 (14) - - -
(0 — 100) T2 10 20 (22) 4 28 (36) 14 37109 0.22
T3 11 16 (21) 5 8 (18) 4 -18 to 26 0.74
T4 7 31 (25 4 25 (44) -1 -31to 29 0.96
FPS—R T1 9 3337 7 3.6 (2.6) - - -
(0-10) T2 10 28(4.2) 8 2.4(3.0) 0.3 -1.7t022  0.78
T3 11 1.5(3.3) 11 1.3(3.1) 0.6 -1.8t029 0.64
T4 10 2.9 (3.5) 10 3.04.1) 0.1 -3.1to3.3  0.96
VAS Tl 34 32(28) 22 30 (21) - - -
Observer T2 34 22(24) 31 21 (19) 1 8to 11 0.78
(0-100) T3 35 18 (20) 34 18 (25) 0 -11to 11 0.96
T4 33 24 (25) 32 18 (26) 6 -7to 18 0.36

* Adjusted Mean Difference = Intervention Group — Control Group. FLACC = face, legs, activity, cry, consolability; VAS = visual
analogue scale; FPS-R = faces pain scale revised; SD = standard deviation; CI = confidence interval; T1 = Timepoint 1; T2 =

Timepoint 2; T3 = Timepoint 3; T4 = Timepoint 4.

3.2.1 Ancillary Pain Measures

3.2.1.1. Parent and Caregiver Pain Scores (Observer VAS)

There were no significant differences in pain scores between the control and intervention group for
observational pain ratings from parents and caregivers assessed using the VAS Observer in the ED. No
significant between-group differences in VAS Observer pain scores were found between the intervention and
control groups for post-randomised dressing application (Mean Difference: 1, 95% CI: -8 to 11, p = 0.78),
pre-silver dressing application (Mean Difference: 0, 95% CI: -11 to 11, p = 0.96), or post-silver dressing

application (Mean Difference: 6, 95% CI: -7 to 18, p = 0.36) time points.
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3.2.1.2 Child reported pain (FPS-R and VAS)

Child self-report pain scores measured using the FPS-R and VAS showed no significant between-group
differences. Self-report FPS-R scores assessed post-dressing application (Mean Difference: 0.3, 95% CI: -1.7
to 2.2, p = 0.78), pre-silver application (Mean Difference: 0.6, 95% CI: -1.8 to 2.9, p = 0.64), and post-silver
dressing application (Mean Difference: 0.1, 95% CI: -3.1 to 3.3, p = 0.96) showed no significant group
differences. As burn injuries often affect infants and children under the age of five, a small number of
children recruited into the trial were aged over eight. The VAS for Pain is designed for children aged eight
years and older. As a consequence of the median patient age, low numbers of participants were able to use
this self-report pain scale and therefore limited statistical tests that could be performed. Median self-report
VAS scores are presented in Table 2 but should be interpreted with consideration of this sample size

limitation.

3.3 Secondary outcomes

3.3.1 Physiological measures

No significant difference in mean pulse rate (Mean Difference: -3, 95% CI: -11 to 5, p = 0.41) or temperature
(Mean Difference: 0.6, 95% CI: -0.13 to 0.24, p = 0.53) was detected between intervention and control

groups following the application of the randomised dressings in the ED (see Table 3).
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Table 3. Physiological measures in the ED

Measure Time point N Intervention N Control Adjusted Mean  95% CI p value
Difference
Mean (SD) Mean (SD)
Pulse Tl 34 111 27) 24 112 (20) - - -
(Beats/minute) T2 34 104 (26) 32 109 (21) -3 ‘11t05 0.41
T3 33 105 (26) 32 113 (21) -8 -16to 1 0.07
T4 29 109 (25) 31 113 (24) -3 -12t0 6 0.52
Temperature Tl 35 36.34 25 36.42 - - -
(° Celsius) T2 36 36.42 33 36.36 0.6 -0.13 t0 0.24 0.53
T3 36 36.43 33 36.33 0.12 -0.12 t0 0.37 0.33
T4 34 36.44 33 36.32 0.14 -0.14 t0 0.40 0.29
Alpha-amylase fMean (x/SD) fMean (x/SD)  tRatio of Means  95% CI
(units/mL) T1 19 48 (x/2) 8 46 (%/3) - - -
T2 26 54 (x/3) 20 37 (x/2) 1.53 0.93 to 2.53 0.10

SD = standard deviation; CI = confidence interval; mL = millilitre; T1 = timepoint 1; T2 = timepoint 2; T3 = timepoint 3; T4 =
timepoint 4. * Adjusted Mean Difference = Intervention Group — Control Group. T Alpha-amylase data reported as geometric mean,
geometric standard deviation, and ratio of geometric means.

3.3.2 Re-epithelialisation

Median (IQR) time to re-epithelialisation for the intervention group was 9 days (6.25 — 10.75) and 9 days
(7.5 — 14) for the control group. Clinical assessment from treating surgeons showed no significant between-
group differences in time to 95% re-epithelialisation, with a median difference (95% CI) equal to -1 (-3 to 1),
p = 0.26. With regards to the blinded assessment of burn wound images, exact agreement between the
treating surgical consultants and blinded review panel was used to examine agreement between health
professionals measuring time to re-epithelialisation [39]. Agreement on evaluation of re-epithelialisation was
found to be good (69% agreement) between the three expert reviewers and the treating surgeons (see

Appendix A for additional agreement data).

3.3.3 Biochemical stress markers

No significant difference in sAA was found between the intervention and control group following the
application of the randomised dressing during acute care in the ED (see 7able 3). Children who received
Burnaid® dressings did not show a reduction in the biochemical stress marker in comparison to paediatric
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patients who received PVC film (Geometric Mean Ratio: 1.53, 95% CI = 0.93 to 2.53, p = 0.10). Levels of
sAA collected in the waiting room during dressing changes one (Geometric Mean Ratio: 1, 95% CI = 0.65 —
1.56, p = 0.97) and two (Geometric Mean Ratio: 1.14, 95% CI=0.48 — 2.71, p = 0.75) showed no significant
differences between children who received Burnaid® dressings in the ED and those who received PVC film

(see Appendix B).

3.3.4 Pain at first, second, and third dressing changes

Pain scores assessed in the Burns Outpatient Department during follow up dressing changes one to three are
reported in Appendix C for the two treatment groups. No statistical differences in observational or child self-
report follow up pain scores were found between children who received Burnaid® dressings and those who
received PVC film during acute care. Temperature and pulse rate assessed during follow up dressing changes
(as physiological indicators of pain) also showed no significant group differences over dressing changes one

to three (see Appendix B for physiological data).

3.3.5 Staff and caregiver perspectives on dressings

Dressing satisfaction from clinical staff, in addition to parents and caregivers, assessed in the ED during
acute care is presented in Appendix D. No significant differences in ease of dressing application, removal,
flexibility, or conformity were identified between the two groups from ED nursing staff. Parents are
caregivers reported higher satisfaction scores for ease of dressing application for children who received
Burnaid dressings, in comparison to those who received PVC film (p = 0.013). Parent/caregiver satisfaction
scores were also higher for ease of dressing removal within the Burnaid arm, in comparison to the control
arm (p = 0.045). Furthermore, parents and caregivers reported higher satisfaction scores for ease of
movement for children who received Burnaid, in comparison to paediatric patients who received PVC film in
the ED (p = 0.047). Last, no significant differences in perceived patient comfort were identified between the

two groups from parents and caregivers using the 0 — 10 NRS.

4. Discussion

There has been an emergence of research demonstrating the importance of acute pain control in traumatic
injuries, emphasising the association between untreated pain and maladaptive outcomes such as: prolonged

wound healing [4, 5], long-term emotional disorders [6, 7], and chronic pain conditions [8, 9]. Pain is a chief
18
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complaint for patients with burn injuries in the acute setting [40, 41]. Therefore, prehospital and acute care
providers have a crucial role in recognising and reducing the burden of pain for these patients. Reducing
acute pain is of particular importance for paediatric burn patients who often have to undergo numerous
painful and distressing medical procedures during their care. The better pain and distress are managed during
a child’s first visit to the ED for burn wound treatment— the lower the child’s chances are of developing
anticipatory anxiety and avoidance behaviours for future medical procedures [42]. Effective non-
pharmacological interventions for the management of acute burn pain are needed to supplement
pharmacological methods of pain reduction in paediatric patients [35, 43]. We were pleasantly reassured to
find most burn patients presenting to our ED had mild to no pain. Because of this, examining the
effectiveness of acute burn dressings on reducing acute pain score was restricted — and results from this
prospective RCT should be interpreted with the acknowledgement of this limitation. At present, there are no
high level trials supporting the use of Burnaid® hydrogel dressings for acute burn management. The aim of
this trial was to fill this gap in the literature, and examine the effectiveness of Burnaid® dressings on
reducing acute pain scores in children with thermal burns. To the best of our knowledge, this is the first
prospective RCT conducted in a paediatric burn population examining the analgesic properties of a hydrogel

burn dressing in an ED setting.

Results from this prospective RCT should be interpreted with consideration of several limitations. First, very
few participants had moderate to severe pain scores following their initial presentation to the QCH prior to
recruitment into the trial - see Appendix E for complete pain score frequencies. More than 60% of paediatric
burn patients received observational pain scores of zero (out of ten using the FLACC pain scale) from ED
nursing staff. Moreover, an additional 19% of children received pain ratings equal to one (using the ten-point
scale) following initial presentation to the ED. A significant effect of the intervention on reducing acute burn
pain might not have been identified in this trial because pain scores were so low following patient’s first

presentation to hospital for their burn.

Second, prehospital and referral services in Queensland acted to provide comprehensive pharmacotherapies
for pain management to paediatric patients with thermal burns during transportation to the QCH. So much so
that pain scores might have been too low to observe a significant reduction following application of the
intervention or control. A large proportion (78%) of patients enrolled in the trial received three or more
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medication classes during their acute burn care — the most common combination being paracetamol,
ibuprofen, fentanyl for both groups (see Table I). The third limitation also relates to prehospital care, and
includes the use of different acute burn dressings during patient transport to hospital, prior to randomisation
and enrolment in the trial. As this was a pragmatic trial aiming to simulate real-world clinical scenarios
within the ED, the application of prehospital acute burn dressings was not an exclusion criterion for
participation. However, this meant that some participants received PVC film or Burnaid prior to presenting

to the QCH, which may have had confounding effects.

The last limitation relates to potential moderating effects. Non-pharmacological interventions such as
distraction are commonplace during paediatric medical procedures. Almost 70% of all participants received
additional distraction techniques during their acute burn treatment in the ED such as video distraction using
mobile phones and television, clown doctors, music therapists, bubbles, toys, and lollies (see Table 1). These
non-pharmacological interventions were also left in place to simulate a real-world pragmatic trial, however
could have moderated the effect of the intervention. An effect of the intervention on reducing acute pain
scores might not have been detected due to the low pain scored at initial presentation, analgesia on-board at
the time of recruitment, or other confounding factors such as the application of prehospital burn dressings
prior to enrolment in the trial. It is therefore recommended that this research be replicated in the prehospital
setting — where acute pain scores are anticipated to be higher and the application of prehospital burn dressings

and analgesia can be better controlled.

5. Conclusion

It was predicted that Burnaid® dressings would provide superior analgesia for paediatric burn patients when
applied as an adjunct to CRW first aid, in comparison to PVC film (current standard practice). However, the
effect of the intervention on reducing acute pain scores was not supported in this investigation and we were
unable to show a clinically relevant treatment effect caused by the intervention — Burnaid® hydrogel
dressings. Results from this RCT found no significant between-group differences in observational pain
scores assessed using the FLACC pain scale from ED nursing staff — the primary outcome of the trial.
Moreover, no significant group-differences in parent/caregiver pain scores or child self-report pain scores

were identified during acute care in the ED or follow up wound care in the Burns OPD. The effect of the
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intervention on additional outcomes including, time to re-epithelialisation, stress, temperature, heart rate, and
need for analgesic medication was also not supported. Ease of dressing application and removal, in addition

to ease of patient movement whilst dressings were applied, were higher for the Burnaid group in accordance

oNOYTULT D WN =

with parent and caregiver ratings. Dressing satisfaction measures from clinical staff within the ED found no

significant differences between patients who received Burnaid and those who received PVC film. Moreover,
no difference in perceived comfort ratings from parents and caregivers were identified between the two

15 groups. Research investigating adjunctive methods of pain control for children with burns holds great

17 translational value. It was predicted that an acute burn dressing with additional cooling and evaporative

19 properties would provide superior pain relief for children with thermal burns, in comparison to PVC film.

21 This was not supported, and Burnaid® dressings do not appear to provide superior pain relief in comparison

23 to PVC film when applied as an acute burn dressing following first aid and initial presentation to the ED.
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Figure 2. Pain assessment timepoints during acute and follow up care
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Figure 1. Consort Flow Diagram
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Appendix A. Exact agreement between clinicians assessing time to re-epithelialization: Treating surgical

consultant versus blinded expert panel

Clinicians Agreement between Clinicians

oNOYTULT D WN =

9 Consultant and Reviewer 1 64%
11 Consultant and Reviewer 2 64%
13 Consultant and Reviewer 3 69%
Reviewer 1 and Reviewer 2 71%
Reviewer 1 and Reviewer 3 71%

Reviewer 2 and Reviewer 3 75%

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Appendix B. Physiological measures at follow up dressing changes
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Measure Time point Intervention Control Adjusted Mean p value
Mean (SD) Mean (SD) Difference (95% CI)
Pulse rate 1% Dressing Change
(beats/minute) T1 104.1 21.7) 109.9 (19.0) 6(-17105) 0.29
T 100.4 (23.6) 104.9 (17.4) 4 (-17t0 8) 0.47
T3 98.3 (25.8) 104.9 (15.3) 7 (200 7) 0.33
T4 99.3 (24.1) 109.6 (19.68) -10 (24— 3) 0.13
2" Dressing Change
Tl 1042 (21.4) 119.1 22.7) -15 (=30 to 0) 0.05
T2 100.9 (20.9) 109.9 (23.0) 9 (25t07) 0.25
T3 95.7 (20.5) 104.0 (20.6) -8 (29 t0 12) 0.41
T4 95.7 (21.5) 104.3 (19.9) -9 (-33 o 16) 0.45
3" Dressing Change
Tl 108 (12.2) 111.3 (27.8) 3(-33 to 16) 0.81
T 98.4 (19.9) 103.9 (18.8) -6 (33 0 16) 0.60
T3 953 (24.2) 94.8 (19.0) 1 (-33 0 16) 0.97
T4 96.3 (31.1) 102.0 (28.3) -9 (33 to 16) 0.81
Temperature 1% Dressing Change
(© Celsius) Tl 36.1 (0.4) 36.0 (0.4) 0.05(-0.17t0 0.26)  0.66
T 36.3 (0.6) 362 (0.5) 0.05(-023t0033)  0.71
3 362 (0.4) 36.2 (0.5) 0.05(-029100.19)  0.66
T4 362 (0.4) 363 (0.5) 0.03 (02910 0.22)  0.81
2" Dressing Change
T1 35.9 (0.4) 35.9 (0.4) 0.02(-021t0025)  0.85
T2 362 (0.4) 36.3 (0.5) 0.08 (03510 0.25)  0.57
T3 36.3 (0.4) 36.3 (0.4) 0.02 (0370 0.25) 0.9
T4 362 (0.4) 36.3 (0.3) -0.16 (-0.43 10 0.25) 0.3
3" Dressing Change
Tl 362 (0.9) 36.1 (0.4) 0.19 (0440 0.83)  0.53
) 36.6 (0.6) 36.4 (0.3) 0.18 (-027t00.63) 0.4
T3 36.8 (0.4) 362 (0.3) 0.52(-0.02t0 1.06)  0.06
T4 36.9 (0.5) 36.4(0.2) 0.5 (-0.02 to 1.02) 0.06
Salivary o-amylase 1% Dressing Change TMean (x/SD) TMean (x/SD)
(U/mL) Tl 39 (24 - 70) 43 (23 - 65) 1.00 (0.65 to 1.56) 0.97
2" Dressing Change
Tl 43 (17— 106) 28 (14— 77) 1.14 (0.48 to0 2.71) 0.75
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SD = standard deviation; CI = confidence interval. U/mL = units per milliliter; T1 = timepoint 1; T2 = timepoint 2; T3 =

timepoint 3; T4 = timepoint 4. * Adjusted Mean Difference = Intervention Group — Control Group.
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Appendix C. Pain at dressing changes one, two, and three
Pain Assessment Timepoint N (Intervention)  Intervention N (Control)  Control Adjusted Mean p value
Mean (SD) Mean (SD) Difference (95% CI)
Nurse: FLACC (0 -10)
1% Dressing Change
Tl 36 0.0 (0.0) 33 0.0 (0.2) 0.0 (-0.1 to 0) 0.3
T2 34 1.3(1.7) 31 1.1(1.6) 0.2 (0.7 to 1.0) 0.69
T3 28 0.1(0.3) 29 0.1(0.4) 0.0 (-0.2 t0 0.2) 0.73
T4 28 0.4 (0.9) 28 0.2 (0.5) 0.2 (-0.2 t0 0.6) 0.36
Peak FLACC 34 2.1(1.9) 31 1.7 (1.5) 0.3 (-0.5t0 1.2) 0.41
2" Dressing Change
Tl 26 0.0 (0.0) 28 0.0 (0.0) 0.0 (0.0) -
T2 24 1.1(1.7) 27 0.6 (1.3) 0.5 (-0.4 to 1.3) 0.25
T3 12 0.0 (0.0) 16 0.5 (1.5) 0.5 (-1.4 t0 0.4) 0.28
T4 12 0.2 (0.4) 14 0.3(0.7) -0.1 (0.6 to 0.4) 0.62
Peak FLACC 24 1.6 (1.8) 27 1.0 (1.6) 0.6 (-0.3 to 1.6) 0.20
3" Dressing Change
T1 7 0.0 (0.0) 14 0.0 (0.0) 0.0 (0.0) -
T2 7 0.1(0.4) 12 0.6 (0.7) -0.4 (-1.0t0 0.1) 0.13
T3 3 0.3 (0.6) 7 0.4 (1.1) 0.1 (-1.7to 1.5) 0.9
T4 3 0.0 (0.0) 7 0.0 (0.0) 0.0 (0.0) -
Peak FLACC 7 1.4 (1.4) 13 0.8 (0.9) 0.6 (-0.5t0 1.7) 0.27
Parent: VAS Observer (0 — 100)
1% Dressing Change
Tl 34 82(18.8) 32 3.4(9.7) 5(-3.0 to 12.0) 0.2
T2 33 31.5(379) 31 18.5 (23.8) 13 (-3.0 t0 29.0) 0.11
T3 27 18.9 (28.2) 29 9.7 (17.6) 9 (-3.0 to 22.0) 0.14
T4 27 19.1 (26.7) 28 7.1(20.2) 12 (-1.0 to 25.0) 0.07
Peak VAS 33 42.1(352) 29 29.5(22.3) 13 (-3.0 t0 28.0) 0.10
2" Dressing Change
Tl 25 44(11.6) 28 1.4 (4.5) 3(-2.0 10 8.0) 0.21
T2 23 141232 27 9.6 (20.5) 5(-8.0 to 17.0) 0.47
T3 11 77(19.9) 15 2.7 (4.6) 5(-6.0 to 16.0) 0.35
T4 11 1232L1) 13 3.1(8.5) 9 (-4.0 t0 22.0) 0.16
Peak VAS 22 214 (30.3) 26 13.8(21.7)  8(-8.0t0 22.0) 0.32
3" Dressing Change
Tl 7 43 (11.3) 13 2.3(8.3) 2(-7.0to 11.0) 0.66
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BMJ Open
11.7 (16.0) 11
5.0(7.1) 7
0.0 (0.0) 6
20.0 14.1) 11
0.00 (0.00) 10
2.7 (4.4) 9
2.0 (3.5) 8
0.3 (0.8) 6
2.7(4.1) 7
0.00 (0.00) 6
0.7 (1.6) 5
0.00 (0.00) 3
0.00 (0.00) 3
1.0 (1.7) 8
0.00 (0.00) 3
1.0 (1.4) 3
1.0 (1.4) 2
2.0(2.8) 0
3.0 (1.4) 3
219275 7
457 (41.6) 5
333(37.8) 4
28.0(25.9) 4
52.5 (41) 6
163 (22.0) 5
279 (274) 5
16.0 26.1) 3
120 (17.9) 3
344(313) 7
8.3 (14.4) 2

8.2 (10.8)
8.6 (12.1)
3.3(82)
11.8 (11.7)

0.1(0.3)
2.43.4)

2.3(3.6)
1.0 (1.7)
1.72.1)

1.7 (4.1)
2.0 (4.5)
1.3(2.3)
1.3(2.3)
1.3 (3.5)

3.3(5.8)
3.3(5.8)
0.0 (0.0)

3.3(5.8)

7.1 (15.0)
8.0 (11.0)

30.0 (47.6)
25.0 (50.0)
233 (40.8)

4.0(8.9)
4.0 (8.9)
6.7 (11.5)
0.0 (0.0)
5.7(9.8)

0.0 (0.0)

3 (-10.0 to 17.0)
-4 (-25.0 to 18.0)
-3 (-18.0 to 12.0)
8 (-6.0 t0 23.0)

0.1 (-3t0.1)
0.2 (-3.7t0 4.1)
0.2 (-42103.7)
0.7 (2.3 10 .8)
1.0 (-2.7 to 4.6)

1.7 (-5.8 t0 2.5)
1.3 (-5.7103.1)
-13(-5t02.4)
13 (-5t02.4)
02 (-3.7103.2)

33 (-17 to 10.4)
2.3 (-16.2t0 11.6)
1.0 (-3.3 t0 5.3)

0.3 (-14.2 to 13.6)

15 (-11 to 40)
38 (-5 to 81)
3 (-39 to 65)
3 (-57 to 63)
29 (-19 to 77)

12 (-11 to 35)
24 (-5 to 52)
9 (-31 to 49)
12 (-14 to 38)
29 (2 to 55)

8 (-26 — 43)

0.60
0.71
0.60
0.24

0.39
0.91
0.89
0.33
0.59

0.39
0.51
0.37
0.37
0.88

0.50
0.63
0.42

0.94

0.23
0.08
0.90
0.91
0.21

0.27
0.09
0.59
0.30
0.04

0.50
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T2 3 267(252) 2 15.0 (7.1) 12 (-49 to 73) 0.58
T3 2 5.0 (7.1) 2 5.0 (7.1) 0 (-30 to 30) >0.99
T4 2 20.0(283) 2 0.0 (0.0) 20 (-66 to 106) 0.42
Peak VAS 2 40.0 (14.1) 2 15.0 (7.1) 25 (23 to 73) 0.15

* Adjusted Mean Difference = Intervention Group — Control Group. FLACC = face, legs, activity, cry, consolability scale;

VAS = visual analogue scale; FPS-R = faces pain scale revises; SD = standard deviation; CI = confidence interval; T1 =

timepoint 1; T2 = timepoint 2; T3 = timepoint 3; T4 = timepoint 4.
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Appendix D. Staff and caregiver perspectives on dressings

oNOYTULT D WN =

Assessor Dressing Measure Control (PVC film) Intervention (HBD) p value

N Mean (SD) N Mean (SD)

13 EDStaff

oo

15 Ease of dressing application 8.00 (1.85) 15 9.53 (0.99) 0.056
17 Ease of dressing removal 9 9.78 (0.67) 16 9.88 (0.50) 0.709
19 Flexibility 9 8.22(1.99) 16 9.56 (0.73) 0.082
21 Conformity 9 7.89 (2.09) 16 8.44 (1.50) 0.500

23 Parents
24 Ease of dressing application 16 7.63 (2.66) 24 9.54 (0.88) 0.013

26 Ease of dressing removal 16 8.62(2.28) 24 9.88(0.34) 0.045
Comfort 16 8.19(2.61) 24 8.96(1.88) 0.318

Ease of movement 16 7.81 (2.59) 24 9.29 (1.30) 0.047

ED = emergency department; PVC = polyvinylchloride film; HBD = hydrogel burn dressing; N = number of

participants; SD = standard deviation
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Appendix E. Pain score frequencies during acute care in the ED
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Pain Scale and Timepoint Pain Score N (Intervention) Burnaid® N (%) N (Control)  Plastic Wrap N (%)
FLACC (0 — 10 scale) n =35 n=23
Tl 0 18 (51%) 16 (70%)
1 9 (26%) 3 (13%)
2 4 (11%) 2 (9%)
3 1 (3%) 1 (4%)
5 1 (3%) 0 (0%)
6 1 (3%) 1 (4%)
10 1 (3%) 0 (0%)
T2 n =736 n =235
0 30 (83%) 26 (74%)
1 1 (3%) 5 (14%)
2 3 (8%) 4 (11%)
3 1 (3%) 0 (0%)
4 1 3%) 0 (0%)
T3 n =236 n =234
0 31 (86%) 24 (71%)
1 1 (3%) 5 (15%)
2 2 (6%) 4 (12%)
3 1 (3%) 0 (0%)
6 1 (3%) 0(0%)
9 0 (0%) 1 (3%)
T4 n =235 n =233
0 26 (74%) 24 (73%)
1 2 (6%) 2 (6%)
2 3 (9%) 4 (12%)
3 1 (3%) 1 (3%)
4 2 (6%) 1 (3%)
7 0 (0%) 1 (3%)
8 1 (3%) 0 (0%)
Peak FLACC n =36 n =34
0 5 (14%) 4 (12%)
1 3 (8%) 4 (12%)
2 7 (19%) 3 (9%)
3 6 (17%) 4 (12%)
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4 5 (14%) 7 (21%)
5 2 (6%) 2 (6%)
6 3 (8%) 4 (12%)
7 2 (6%) 1 (3%)
8 3 (8%) 3 (9%)
9 0 (0%) 1 (3%)
10 0 (0%) 1 (3%)
Observer VAS (0 — 100 scale) n =234 n=22

Tl 0 9 (26%) 4 (18%)
10 3 (9%) 3 (14%)
20 4 (12%) 1 (5%)
30 4 (12%) 3 (14%)
40 4 (12%) 6 (27%)
50 0 (0%) 4 (18%)
55 1 (3%) 0 (0%)
60 4 (12%) 0 (0%)
70 3 (9%) 0 (0%)
80 1 (3%) 1 (5%)
100 1 (3%) 0 (0%)

T2 n =234 n=31
0 14 (41%) 10 (32%)
10 1 (3%) 3 (10%)
20 6 (18%) 5 (16%)
25 0 (0%) 1 (3%)
30 4 (12%) 5 (16%)
35 0 (0%) 1 (3%)
40 2 (6%) 2 (6%)
50 1 (3%) 2 (6%)
60 4 (12%) 2 (6%)
70 2 (6%) 0 (0%)

T3 n =235 n =234
0 15 (43%) 14 (41%)
10 2 (6%) 7 (21%)
20 7 (20%) 4 (12%)
30 5 (14%) 3 (9%)
40 1 (3%) 1 (3%)
50 2 (6%) 2 (6%)
60 3 (9%) 1 (3%)
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80 0 (0%) 1 (3%)
100 0 (0%) 1 (3%)
T4 n=33 n=232
0 12 (36%) 16 (50%)
10 2 (6%) 4 (13%)
20 6 (18%) 5 (16%)
30 4 (12%) 0 (0%)
40 1 (3%) 1 (3%)
50 3 (9%) 2 (6%)
60 4 (12%) 2 (6%)
70 0 (0%) 1 (3%)
100 1 (3%) 1 (3%)
FPS — R (0 — 10 scale) n=9 n="7
T1 0 4 (44%) 1 (14%)
2 0 (0%) 2 (29%)
4 3 (33%) 2 (29%)
5 0 (0%) 1 (14%)
8 1 (11%) 1 (14%)
10 1 (11%) 0 (0%)
T2 n=10 n=9
0 6 (60%) 4 (44%)
2 1 (10%) 2 (22%)
4 0 (0%) 1 (11%)
6 1 (10%) 1 (11%)
8 0 (0%) 1 (11%)
10 2 (20%) 0 (0%)
T3 n=11 n=11
0 8 (73%) 9 (82%)
1 1 (9%) 0 (0%)
4 0 (0%) 1.(9%)
6 1 (9%) 0 (0%)
10 1 (9%) 1 (9%)
T4 n=10 n=10
0 4 (40%) 5 (50%)
1 1 (10%) 0 (0%)
2 1 (10%) 2 (20%)
4 1 (10%) 0 (0%)
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1

2

3 6 2 (20%) 1 (10%)
4

5 10 1 (10%) 2 (20%)
6 Child Self-report VAS (0 — 100 scale) n=9 n=2

7

8 Tl 0 2 (22%) 0 (0%)
?o 10 0 (0%) 1 (50%)
11 20 1 (11%) 0 (0%)
g 30 1 (11%) 1 (50%)
14 40 1 (11%) 0 (0%)
:2 50 2 (22%) 0 (0%)
17 70 1 (11%) 0 (0%)
:g 85 1 (11%) 0 (0%)
20 T2 n=10 n=4

21

2 0 4 (40%) 1 (25%)
23 10 0 (0%) 1 (25%)
24

25 20 3 (30%) 1 (25%)
26 30 1 (10%) 0 (0%)
27

28 50 1 (10%) 0 (0%)
29 60 1 (10%) 0 (0%)
30

31 80 0 (0%) 1 (25%)
32 T3 n=11 n=5

33

34 0 5 (45%) 4 (80%)
22 10 1 (9%) 0 (0%)
37 20 3 (27%) 0 (0%)
22 40 0 (0%) 1 (20%)
40 50 1 (9%) 0 (0%)
2; 60 1 (9%) 0 (0%)
43 T4 n=7 n=4

Zg 0 2 (29%) 2 (50%)
46 10 0 (0%) 1 (25%)
47

48 20 1 (14%) 0 (0%)
49 40 2 (29%) 0 (0%)
50

=1 55 1 (14%) 0 (0%)
52 60 1 (14%) 0 (0%)
53

54 90 0 (0%) 1 (25%)
55

56 N = number of participants; FLACC = face, legs, activity, cry, consolability scale; VAS = visual analogue scale; FPS-R =
57

58 faces pain scale revises; Ag = silver dressing; T1 = timepoint 1; T2 = timepoint 2; T3 = timepoint 3; T4 = timepoint 4.
59

60
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Reporting [tem Page Number

Title and Abstract

Title #la  Identification as a randomized trial in the title. 0 (Title Page)

Abstract #1b  Structured summary of trial design, methods, results, and 1-2
conclusions

Introduction

Background and #2a  Scientific background and explanation of rationale 3-4

objectives

Background and #2b  Specific objectives or hypothesis 3-4

objectives

Methods

Trial design #3a  Description of trial design (such as parallel, factorial) 4
including allocation ratio.

Trial design #3b  Important changes to methods after trial commencement 8
(such as eligibility criteria), with reasons

Participants #4a  Eligibility criteria for participants 5

Participants #4b  Settings and locations where the data were collected 4

Interventions #5 The experimental and control interventions for each group 5-7
with sufficient details to allow replication, including how and
when they were actually administered

Outcomes #6a  Completely defined prespecified primary and secondary 7-9
outcome measures, including how and when they were
assessed

Outcomes #6b  Any changes to trial outcomes after the trial commenced, NA
with reasons

Sample size #7a  How sample size was determined. 9
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When applicable, explanation of any interim analyses and
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Type of randomization; details of any restriction (such as

blocking and block size)

Mechanism used to implement the random allocation
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describing any steps taken to conceal the sequence until

interventions were assigned
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If done, who was blinded after assignment to interventions
(for example, participants, care providers, those assessing

outcomes) and how.
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Statistical methods used to compare groups for primary and
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Methods for additional analyses, such as subgroup analyses

and adjusted analyses
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analysed for the primary outcome
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characteristics for each group
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relative effect sizes is recommended
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Abstract
Objective
To compare the effectiveness of two acute burn dressings, Burnaid® hydrogel dressing and plasticised

polyvinylchloride film, on reducing acute pain scores in paediatric burn patients following appropriate first

aid.

Design

Single-centre, superiority, two-arm, parallel-group, prospective randomised controlled trial.

Participants and Setting
Paediatric patients (aged < 16) presenting to the Emergency Department at the Queensland Children’s
Hospital, Brisbane, Australia, with an acute thermal burn were approached for participation in the trial from

September 2017 — September 2018.

Interventions
Patients were randomised to receive either (1) Burnaid® hydrogel dressing (Intervention) or (2) plasticised

polyvinylchloride film (Control) as an acute burn dressing.

Primary and Secondary Outcomes

Observational pain scores from nursing staff assessed 5-minutes post-application of the randomised dressing,
measured using the Face Legs Activity Cry and Consolability Scale was the primary outcome. Repeated
measures of pain, stress, and re-epithelialisation were also collected at follow-up dressing changes until 95%

wound re-epithelialisation occurred.

Results

Seventy-two children were recruited and randomised (z = 37 Intervention; n = 35 Control). No significant
between-group differences in nursing (Mean Difference: -0.1, 95% CI: -0.7 to 0.5, p = 0.72) or caregiver
(MD: 1, 95% CI: -8 to 11, p = 0.78) observational pain scores were identified. Moreover, no significant
differences in child self-report pain (MD: 0.3, 95% CI: -1.7 to 2.2, p = 0.78), heart rate (MD: -3, 95% CI: -11
to 5, p =0.41), temperature, (MD: 0.6, 95% CI: -0.13 to 0.24, p = 0.53), stress (Geometric Mean Ratio: 1.53,
95% CI: 0.93 to 2.53, p = 0.10), or re-epithelialisation rates (MD: -1, 95% CI: -3 to 1, p = 0.26) were

identified between the two groups.
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Conclusions
A clear benefit of Burnaid® hydrogel dressing as an analgesic adjunct to first aid for the treatment of acute

paediatric burns was not identified in this investigation.

Trial Registration

Australia and New Zealand Clinical Trials Register (ACTRN): ACTRN12617001274369

Article Summary
Strengths and limitations of this study
*  First randomised controlled trial investigating analgesic properties of acute burn dressings in a
paediatric burn population
* Pain was assessed using age-specific and reliable self-report and observational scales, in addition to
physiological measures of pain and distress.
* This investigation was pragmatic in nature, replicating real-world clinical scenarios where acute burn
dressings are used.
* Lack of representativeness within the patient sample (small to medium sized burns in children aged
between 0 — 5 years) may limit generalisability of the findings to the broader paediatric burn

population.

Key Words

Burns, Paediatric Emergency Medicine, Randomised Controlled Trial, Pain
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1. Introduction

Pain remains a major issue following a burn, and research suggests that pain from burn injuries continues to
be undertreated in children [1]. The subsequent wound care required to treat a burn is also associated with
significant pain and distress — thus burn pain comprises a challenging spectrum of acute, background,
breakthrough, and procedural pain [2, 3]. The aim of this trial was to provide health practitioners with
evidence to support the use of an acute burn dressing that is superior in terms of pain relief for paediatric
patients with acute thermal burn injuries. Optimising pain management for paediatric burn patients is more
than just a compassionate need to reduce suffering — despite that being a sufficient motivator for health care
professionals. Improving acute pain control for children with traumatic injuries such as a burn is critical, as
suboptimal analgesia can prolong wound re-epithelialisation [4, 5]. Moreover, adverse and uncontrolled pain
can have long-term emotional consequences [6, 7] and influence pain perception and processing later in life

8, 9].

Topical administration of cool running water (CRW) for 20 minutes within 3 hours of the burn occurring is
the recommended gold standard first aid for burn injuries, in accordance with the Australian and New
Zealand Burn Association [10-14]. Following first aid, guidelines recommend burn wounds to be covered
with a sterile dressing to maintain a moist wound environment, minimise the risk of infection, and prevent air
exposure — as this can be quite painful for patients with acute burns [15]. Characteristics of an ideal acute
burn dressing include a transparent non-adherent design, easy application and removal, and protection from
environmental exposure. Plasticised polyvinylchloride (PVC) film fulfils this criteria, and excluding the
application to facial burns, is an inexpensive and practical dressing for acute burn injuries in the prehospital
and Emergency Department (ED) setting. For this reason, PVC film has been used in the management of
acute burns for over four decades. However, the preferred acute burn dressing varies between prehospital

services in different states and countries.

Over the past decade, Burnaid® hydrogel dressings have gained widespread use in the prehospital setting for
acute burn injuries — and are promoted as providing hydration to the burn wound and pain relief via a
convection and evaporative cooling effect [16]. Burnaid® dressings comprise of a 3mm thick sterile polyester
urethane foam pad impregnated with a propylene glycol gel, which contains more than 90% purified water.

Despite its popularity amongst prehospital services, there is limited empirical evidence for the effectiveness
3
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of hydrogel burn dressings, and no studies have been conducted in a paediatric burn population. At present,
there is no robust empirical evidence to support the adoption of one particular acute burn dressing over the
others. With the continual development of expensive wound care products, it is important that we validate
their use and effectiveness within the targeted clinical population. This trial examined the effectiveness of
Burnaid® hydrogel dressings as an analgesic adjunct to first aid for the treatment of acute paediatric burns in
comparison to current standard practice — PVC film. While PVC film offers protection from the external
environment, Burnaid® dressings provide evaporative cooling and a significant reduction in sub-dermal
temperatures when air currents pass over the dressing [17]. This evaporative cooling effect, which is specific
to hydrogel dressings, was the expected benefit of Burnaid® in comparison to PVC film. This evaporative
cooling effect was also why Burnaid® dressings were hypothesised to provide superior pain relief compared

to the current standard acute burn dressing.

2. Methods

2.1 Design and setting

We conducted a prospective, single-centre, superiority, randomised controlled trial (RCT) examining the
effectiveness of a hydrogel dressing as an analgesic adjunct to first aid for the treatment of acute paediatric
burn injuries, compared to current standard care. We used a two-arm parallel design with a 1:1 allocation
ratio. Participants were recruited between September 2017 — September 2018 from the ED and the Pegg
Leditschke Children’s Burns Outpatient Department (OPD) at the Queensland Children’s Hospital (QCH)
following initial presentation for their burn. The QCH serves as the major burns referral centre for
Queensland and Northern New South Wales, treating over 1200 paediatric patients with burn injuries per

annum.

2.2 Patient and public involvement

Patients and/or the public were not involved in the development of this research. However, relevant
stakeholders and knowledge users (i.e. prehospital staff, clinicians, and nurses) were involved in the initial

development of the trial, refinement of research questions, and identification of current knowledge gaps.
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1

2 2.3 Protocol and registration

3

4 This trial received ethics approval from The Queensland Children’s Health Service Human Research Ethics
5

6 Committee (approval number: HREC/16/QRCH/322) and The University of Queensland Ethics Committee
7

S (clearance number: 2017000979). Study methodology was documented in a published protocol [18] and

1(1) registered with the Australian New Zealand Clinical Trials Registry (ID number: ACTRN12617001274369)
12 . . .. .

13 on the 5" September 2017 prior to recruitment. This trial was completed as per the published protocol [18],
14

15 which contains a more in-depth description of the trial’s design and methods.

16

17 ..

18 2.4 Participants

19 . .

20 2.4.1 Inclusion criteria

21

22 Inclusion criteria: children aged between 0 — 16 years with an acute thermal burn < 20% of the child’s total
23

24 body surface area (TBSA), presented to the ED or Burns OPD within 24 hours of sustaining the burn,

25

26 received optimal first aid, and no definitive silver dressings or silver sulphadiazine cream applied prior to
27

28 enrolment.

29

30

31 2.4.2 Exclusion criteria

32

33 Exclusion criteria included: children with non-thermal burns or inhalation injuries, presented to the QCH
34

35 more than 24-hours post-burn, inadequate first aid, prior treatment with silver wound products, non-English
36

37 speaking, cognitive impairments, required ventilation or initial debridement under general anaesthetic,

38

2 g current involvement with Department of Communities, known sensitivity to hydrogels, and patients with
2; comorbidities that could impair wound healing or exacerbate/alter pain (i.e. metabolic congenital disorders,
4 . C e .

42 spinal cord defects/injuries, insensate patients).

45

46 . .

47 [INSERT Figure 1. CONSORT Flow Diagram]

48

gg 2.5 Procedures

gz Participant enrolment and intervention allocation are described above in Figure 1. All participants (if age
53

54 appropriate) and caregivers were given verbal and written information about the research, and provided

55

56 signed consent to participate in the trial. After obtaining informed consent, participants were stratified by
57

58 pain risk (1. High Pain or 2. Low Pain) according to factors that could influence pain in paediatric burn

59

60 patients. Factors were based on findings from a retrospective review of data from the Queensland Paediatric
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Burns Registry (unpublished hospital quality review). Participants presenting to the ED or Burns OPD with
one or more of the following criteria were considered at high pain risk: unilateral or bilateral foot burns,
campfire/hot coal burns, circumferential burn injuries, and burns >5% TBSA. Following stratification,
patients were randomised to receive either (1) Burnaid® hydrogel dressing (Intervention) or (2) PVC film
(Control). A computerised random number sequence-generating program was used for participant
randomisation. Concealment of treatment allocation were performed via the use of sealed, opaque, identical,

consecutively numbered envelopes prepared in advance by an independent third-party.

Due to the pragmatic nature of this trial, researchers could not be blinded to which randomised dressing
patients received. Researchers were required to be present when the acute burn dressings were applied and
removed to obtain pain scores and additional outcome measures from the child, caregiver, and medical staff.
Treating clinicians, nursing staff, patients, and caregivers were also not blinded to which treatment
participants received as dressings were visible on the patient’s burn. Because these dressings are topical,
concealment during patient treatment in the ED was not possible. To include an element of blinding in the
trial, a specialist panel of burn surgeons and senior nurses performed a blinded review of 3D wound images
to determine rate of re-epithelialisation at each dressing change until > 95% burn re-epithelialisation

occurred.

[INSERT Figure 2. Pain assessment timepoints during acute and follow up care]

Pain was assessed in the ED (Figure 2A) at four timepoints relative to the child’s acute treatment for their
burn: (T1) Pre-randomised dressing application, (T2) Post-randomised dressing application, (T3) Pre-
definitive dressing application, and (T4) Post-definitive dressing application. Peak pain during wound
cleaning and debridement was also collected from nursing staff using the FLACC, aiming to capture the
worst/maximal pain experienced during acute treatment. During subsequent dressing changes in the Burns
OPD (Figure 2B), pain was assessed at four time points relative to the child’s follow up treatment: (T1) Pre-
definitive-dressing removal, (T2) Post-definitive dressing removal, (T3) Pre-definitive dressing application,
(T4) Post-definitive dressing application. Peak pain during wound cleaning was also documented during
dressing changes. Observational pain scores from ED nursing staff assessed post-application of the

randomised dressings (T2 in Figure 2A4) was the primary outcome measure of the trial. Pain at T2 was
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assessed five minutes after the application of the randomised dressings for all participants — to give the

dressings a standard period of time on the wound before pain assessment.

Randomised dressings were left in place for 20-minutes. This time duration was chosen as the standardised
time for dressings to be applied in the ED for two reasons. First, this duration was predicted to be the time
taken from patient presentation to surgical assessment in the ED — prior to wound debridement and definitive
dressing application. This time duration was discussed with key stakeholders and relevant knowledge users
(such as ED consultants, surgical consultants, and nursing staff) prior to recruitment and data collection for
the trial. Second, 20-minutes has previously been used as the standardised time duration for the application
of Burnaid® dressings in a burn porcine model [17]. As little-to-no research has been conducted examining
acute burn dressings in a paediatric ED setting, and Burnaid® dressings do not provide a minimum duration
for dressing application, 20-minutes was used as a standardised duration to ensure consistency between

participants.

Additional measures collected at each of the eight aforementioned timepoints during the child’s acute and
follow up care included: a saliva sample (to measure biomarkers of stress), heart rate, and temperature. The
duration of each burn care procedure was timed in the ED and Burns OPD. Information regarding analgesic
medication administered to the patient prior to enrolment in the trial was obtained from Ambulance chart
records and referral notes. All medication administered to patients following presentation to the QCH was
recorded, in addition to all non-pharmacological interventions such as distraction techniques, rewards,

procedural preparation, and music/behavioural therapies.

2.6 Interventions

2.6.1 Intervention — Burnaid® hydrogel dressing

Burnaid® hydrogel dressing (Mundicare®, Sydney, Australia) served as the treatment intervention in this trial.
Burnaid® products previously contained Melaleuca Alternifolia (tea tree) for its broad-spectrum antimicrobial
properties, however inclusion of this active ingredient has since ceased and no tea tree containing Burnaid®

products were used in this investigation.
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2.6.2 Control — Plasticised polyvinylchloride film
Plasticised PVC film (also known as plastic wrap, cling film, and Saran™ wrap) is a thin (< 25um) food-

wrap that has been used in the management of acute burn injuries for over four decades [19, 20].

2.7 Measurements

2.7.1 Primary outcome measure

Observational pain scores from ED nursing staff was the primary outcome measure of the trial, and was
assessed using the Face, Legs, Activity, Cry and Consolability (FLACC) scale. The FLACC scale is a five-
item composite tool measuring aspects of both pain and distress in children. The scale consists of five
categories of behaviour, each of which are scored on a 0 to 2-point scale, giving a total score ranging from 0
to 10 [21]. The FLACC has been described in the literature as a reliable and well-validated pain assessment
tool for postoperative pain in patients age between 0 — 7, and has shown correlations with child self-report
pain measures [22, 23]. This pain scale was chosen to be the primary outcome measure for the trial based on
the low median age range of patients presenting to the QCH with a burn. Whilst self-report pain measures are
acknowledged to be the gold standard — a significant proportion of patients presenting to the ED for acute

burn treatment are pre-verbal and thus unable to self-report their pain.

2.7.2  Additional Measures of Pain

2.7.2.1 Child self-report (ages 4 — 8 years)

Child self-report pain scores were assessed using the Faces Pain Scale — Revised (FPS — R). The FPS—R is a
linear self-report scale designed for pain assessment in children over the age of four [24, 25]. The item is
composed of six-points (six-faces with differing expressions) with a lower anchor of no pain and an upper

anchor of very much pain.

2.7.2.2 Child self-report (ages 8+)
For patients over the age of eight, self-report pain was assessed using the Visual Analogue Scale for Pain

(VAS). The VAS has been described in the literature as a reliable and well-validated pain assessment tool for

use in older children [26, 27].
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2.7.2.3 Parent (observational) report

Parent/caregiver observational pain scores were assessed using the Observer Visual Analogue Scale for Pain
(VAS Observer) for pre-verbal paediatric patients and those under the age of four. The VAS Observer has
been shown to be a reliable and valid observational pain scale for use in a non-verbal paediatric population,

and for children who are unable to self-report their pain [28].

2.7.3 Secondary outcome measures

2.7.3.1 Re-epithelialisation

Burns were considered re-epithelialised if > 95% of the original wound area had re-epithelialised, and the
patient no longer required definitive dressings. Wound re-epithelialisation was assessed using two methods.
First, clinical judgement from the treating surgical consultant was determined at each dressing change.
Second, a panel of paediatric burn specialists performed a blinded review of 3D images (3D LifeViz™

System; QuantifiCare, Valbonne, France) of patient’s burn wounds taken at each dressing change.

2.7.3.2 Stress

Stress was assessed in this trial using a-amylase — a biochemical stress marker produced locally within
salivary glands. Patients placed a SalivaBio Oral Swab™ (Salimetrics Europe Ltd., Newmarket, UK) under
their tongue for 2 minutes for saliva collection. Salivary Alpha-Amylase Kinetic Enzyme Assay Kits (Item
No. 1-1902, Salimetrics Inc) were used to quantify a-amylase, as per the manufacturer’s instructions. The
trial protocol included assessments of levels of a-amylase and cortisol as indicators of stress during burn
wound treatment in the ED and subsequent dressing changes. Salivary a-amylase (sAA) was selected over
cortisol based on previous research conducted at the Pegg Leditschke Paediatric Burns OPD [29]. This
research found sAA to be responsive to stress during wound care procedures, and also found an association
between sAA and pain in children with thermal burns during dressing changes. Moreover, follow up
appointments occur during a morning clinic which runs from 7.30am — 10am. Cortisol levels are known to
peak within 30 — 45 minutes of waking up and then decrease due to diurnal variation. Due to the timing of
sample collection, SAA was deemed to be a more appropriate measure of stress in this trial. Saliva samples

were analysed from the following timepoints:

1. Pre- and post-application of the randomised dressing (i.e. Burnaid® or PVC film)
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2. Following patient arrival in the Burns OPD for their first dressing change — prior to premedication
and definitive dressing removal
3. Following patient arrival in the Burns OPD for their second dressing change — prior to premedication

and definitive dressing removal

2.7.3.3. Staff and caregiver perspectives on dressings

Dressing satisfaction from clinical staff regarding ease of randomised dressing application, ease of removal,
flexibility, and conformity were rated using a self-report 0 — 10 Numeric Rating Scale (NRS) for both
Burnaid® dressings and PVC film from ED nursing staff. Parent/caregiver ratings on ease of dressing
application, removal, comfort, and ease of movement were also assessed using a 0 — 10 NRS. It is
acknowledged that ease of dressing measurements within the ED were confounded due to lack of blinding,

and as a result of the variable nature, size, and anatomical location of the areas to be dressed.

2.7.3.4 Demographic and clinical information

Demographic and clinical details were obtained from parents/caregivers and medical records including age,
sex, burn mechanism, area affected, estimated burn TBSA, and prehospital care (such as first aid and
pharmacological interventions). Treating surgical staff first assessed burn TBSA in the ED following wound
debridement using a modified version of the Lund and Browder chart [30]. Burn TBSA was also assessed at
each change of dressing from the child’s treating consultant until the burns were considered to be 95% re-
epithelialised. Burn depth was assessed using two methods in the trial. First, clinical judgment from the
treating surgical consultant was reported following initial patient presentation to the hospital, and at each
follow up appointment in the Burns OPD for dressing changes. Second, burn depth was assessed using rapid
imaging with Moor LDLS-BI™ Laser Doppler Imager (Moor Instruments Limited, Devon, United
Kingdom). Laser Doppler Imaging (LDI) is a non-contact technique used in the assessment of burn injuries
to measure skin blood perfusion at the surface of the burn wound [31]. LDI measures the extent of micro-
vessel blood flow within the whole burn area, providing information on burn depth via microcirculation
expressed as “perfusion units” (PU) [32, 33]. Participants had their burn wounds scanned using LDI on their
first change of dressing (72 — 120 hours post-burn) in the Burns Outpatient Department to obtain mean and
minimum PU. This time period for LDI is in accordance with the manufactures instructions, and has been

established as acceptable time frame in recent studies [34, 35].
10
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2.8 Statistical Analysis

In accordance with previous studies aiming to reduce pain in paediatric burn patients, we expected pain
scores within each treatment group to have a normal distribution and a standard deviation (SD) of 2.4 [36].
Data were analysed on an intent-to-treat basis. Sample size was estimated at 29 experimental (intervention)
participants and 29 control participants to detect a significant between-group difference of 1.8 in pain scores
post-dressing application. With power equal to 0.8, a set at 0.05, and up to a potential 20% loss to follow-up,
the calculated target sample size was 72 participants. Between-group differences in primary and secondary
outcomes were estimated using mixed models in Stata version 16 [37]. Random effects for patients
accounted for the repeated measures, and restricted maximum likelihood method with Kenward-Rogers
degrees of freedom was used. Each model included data at baseline (i.e. pre-dressing) and at one follow-up
time, and assumed no population differences at baseline, a change from baseline in the control group and a
different change from baseline in the intervention group. Adjusted mean differences (Intervention - Control)
and 95% confidence intervals (Cls) are reported. The SAA data was log-transformed, and the adjusted ratio

of geometric means (Intervention + Control) are reported [38].

3. Results

3.1 Sample and demographic characteristics
Seventy-two paediatric burn patients were randomised and recruited into the trial. Four participants were lost
to follow up and had no additional data collected past the initial point of treatment in the ED. Patient

demographic details and baseline characteristics are presented in Table 1.

11
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Table 1. Participant demographic and clinical variables
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Intervention Control
Variable
N=37 N=35

Patient age (years)

0-3 20 (54%) 27 (77%)

4-7 9 (24%) 5 (14%)

8-16 8 (22%) 3 (9%)
Indigenous status

Not indigenous 34 (92%) 33 (94%)

Aboriginal 2 (5%) 2 (6%)

Torres Strait Islander 1 (3%) 0 (0%)
Gender

Male 22 (59%) 19 (54%)
Mechanism of injury

Scald 26 (70%) 28 (80%)

Contact 8 (22%) 7 (20%)

Flame 2 (5%) 0 (0%)

Flash 1 (3%) 0 (0%)
Burn source

Hot beverage 10 (27%) 14 (40%)

Water from kettle/saucepan/tap 7 (19%) 10 (29%)

Noodles 7 (19%) 3 (9%)

Food (other) 1 (3%) 1 (3%)

Stove/oven/barbeque 4 (11%) 3 (9%)

Lighter 2 (5%) 0 (0%)

Hair straightener/curling iron 1 (3%) 2 (6%)

Fireplace/sun heated metal 2 (5%) 2 (6%)

Hot oil/wax 2 (5%) 0 (0%)

Aerosol can explosion 1 (3%) 0 (0%)
Burn TBSA percentage 2(1-4) 2(1-4)
Burn depth

Superficial partial thickness 30 (81%) 24 (69%)

Deep dermal partial thickness 7 (19%) 11 (31%)
Burn wound perfusion TN=48 TN =43

LDI Mean PU 696 (293) 679 (276)

LDI Minimum PU 144 (143) 110 (104)
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; Anatomical region affected

i Upper limb and/or hand 19 (51%) 20 (57%)
5 Lower limb and/or foot 11 (30%) 10 (29%)
? Chest, abdomen, and/or back 12 (32%) 13 (37%)
g Head, face, and/or neck 8 (22%) 10 (29%)
10 Buttocks, perineum, and/or genitals 5 (14%) 2 (6%)
1; Number of anatomical regions affected

1 Z | 24 (65%) 21 (60%)
15 2 8 (22%) 9 (26%)
1? 3 5 (14%) 4 (11%)
12 4 0 (0%) 1 (3%)
20 Required medication in the ED

;; Paracetamol 32 (86%) 33 (94%)
23 Ibuprofen 26 (70%) 28 (80%)
;g Oxycodone 21 (57%) 21 (60%)
;g Fentanyl 28 (76%) 27 (77%)
28 Nitrous 4 (11%) 4 (11%)
;g Ketamine 1 (3%) 1 (3%)
:; Methoxyflurane 2 (5%) 1 (3%)
33 Morphine 1 (3%) 0 (0%)
2‘5‘ Midazolam 1 (3%) 0 (0%)
36 Polypharmacy

:; 0 1 (3%) 0 (0%)
23 1 4 (11%) 3 (9%)
41 2 4 (11%) 4 (11%)
fé 3 14 (38%) 12 (34%)
44 4 10 (27%) 12 (34%)
22 5 2 (5%) 4 (11%)
j; 6 2 (5%) 0 (0%)
49 Distraction Techniques

g? Nil 13 (35%) 9 (26%)
g; Lollies/food 1 (3%) 4(11%)
54 Sleeping 2 (5%) 1 (3%)
gg Television/phone distraction 15 (41%) 11 31%)
;73 Bubbles/toys 5 (14%) 7 (20%)
59 Music therapy/clown doctors 1 (3%) 2 (6%)
60 Ditto™ distraction device 0 (0%) 1 (3%)
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Definitive dressings applied in ED
Acticoat™ 3 + Mepitel™ + Hypafix®
Acticoat™ 7 + Mepitel™ + Hypafix®
Mepilex Ag™ + Hypafix®
Paraffin wax

Time (minutes) to ED presentation

Time (minutes) spent in ED

Time (minutes) dressing was applied to burn
Documented first aid (20 minutes CRW)
QAS applied Burnaid®

QAS applied PVC film

High pain risk stratum

13 (35%)

7 (19%)

16 (43%)

1 (3%)
N=36

90 (66 — 137)
106.5 (66 — 151)
34 (22-61)
36 (97%)

11 (30%)

8 (22%)

8 (22%)

10 (29%)

8 (23%)

16 (46%)

1 (3%)
N=34

79 (60 — 119)
113 (76 — 180)
35 (5-150)
34 (97%)

7 (20%)

11 (31%)

9 (26%)

Data are presented as median (IQR) for continuous measures, and N (%) for categorical measures unless stated otherwise. T As a

result of patients having multiple burns to different anatomical regions, LDI scans were taken of 91 burn wounds from 58 patients: n =

48 burns for the intervention group and # = 43 wounds for the control. N = number of participants; ED = emergency department;

CRW = cold running water; QAS = Queensland ambulance service, TBSA = total body surface area; LDI = laser Doppler imaging;

PU = perfusion units; PVC = plasticized polyvinylchloride.

No adverse events occurred in the intervention or control group, and no baseline population differences were

identified. Sixteen participants (n = 4 intervention and » = 12 control) did not keep their randomised

dressings on for the required 20-minute duration. Two main factors challenged dressing adherence during

acute data collection in the ED. First, excessive wound exudate beneath the PVC film caused the dressings to

slip off participant’s burns. Second, a number of paediatric patients pulled at and removed their own

dressings. Fidelity in these instances was compromised. Throughout data collection, no children in the 4 — 8

age group reported having trouble self-reporting their pain to the investigator using the FPS — R. Data were

collected for dressing changes four (n = 8), five (n =4), six (n = 1), seven (n = 1), eight (n = 1), nine (n = 1)

and ten (n = 1) for patients requiring multiple dressing changes, but were not included in the analysis due to

low numbers of participants in the trial requiring more than four dressings.

Successful LDI scans were completed for 58 out of the 72 participants during their first burn dressing change.

The revised standard scale of 0 — 1000 PU was used to measure burn depth from LDI scans. In accordance

with previous studies, 0 — 250 PU indicated full thickness injuries, 250 — 625 PU represented deep dermal
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partial thickness burns, and >625 PU corresponded to superficial partial thickness burns [39]. T-tests
revealed no significant difference in LDI scores between the intervention or control group for mean
perfusion, p = 0.79. In addition, no difference in minimum LDI scores were found between the intervention
or control group, p = 0.20. Mean PUs for both groups were greater than or equal to 625 PU indicating
superficial partial thickness burn injuries. These values support clinical judgement from the treating surgical

consultants for burn depth assessment (see Table 1.)

3.2 Primary outcome

Acute pain scores collected in the ED before and after the application of the randomised dressing (T1 and
T2), and before and after definitive dressing application (T3 and T4), are reported in Table 2 for the two
groups. No significant between-group differences in pain scores (assessed using the FLACC scale from
nursing staff) were found between paediatric patients who received Burnaid® dressings and those who
received PVC film as an acute burn dressing in the ED following initial presentation to the QCH and CRW
first aid. No significant group differences in FLACC scores were found post-randomised dressing application
(Mean Difference: -0.1, 95% CI: -0.7 to 0.5, p = 0.72), pre-definitive dressing application (Mean Difference:
-0.3,95% CI: -1 t0 0.5, p = 0.51), or post-definitive dressing application (Mean Difference: 0, 95% CI: -0.8

t0 0.9, p = 0.92).
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Table 2. Acute pain scores in the ED

Pain scale Time point N Intervention N Control Adjusted 95% CI p value
Mean (SD) Mean (SD) gef?:rence
FLACC Tl 35 1.2(2.1) 23 0.7 (1.4) - - -
(0—10scale) T2 36 0.4 (1.0) 35 0.4 (0.7) -0.1 -0.7t0 0.5 0.72
T3 36 0.4(1.2) 34 0.6 (1.6) -0.3 -1t0 0.5 0.51
T4 35 0.8 (1.7) 33 0.7 (1.5) 0 -08t009 0.92
Peak Pain 36 3424 34 3.9(2.8) 0.6 1.7t0 0.5  0.29
VAS Tl 9 38 (29) 2 20 (14) - - -
(0 — 100) T2 10 20 (22) 4 28 (36) 14 37109 0.22
T3 11 16 (21) 5 8 (18) 4 -18 to 26 0.74
T4 7 31 (25 4 25 (44) -1 -31to 29 0.96
FPS—R T1 9 3337 7 3.6 (2.6) - - -
(0-10) T2 10 28(4.2) 8 2.4(3.0) 0.3 -1.7t022  0.78
T3 11 1.5(3.3) 11 1.3(3.1) 0.6 -1.8t029 0.64
T4 10 2.9 (3.5) 10 3.04.1) 0.1 -3.1to3.3  0.96
VAS Tl 34 32(28) 22 30 (21) - - -
Observer T2 34 22(24) 31 21 (19) 1 8to 11 0.78
(0-100) T3 35 18 (20) 34 18 (25) 0 -11to 11 0.96
T4 33 24 (25) 32 18 (26) 6 -7to 18 0.36

* Adjusted Mean Difference = Intervention Group — Control Group. FLACC = face, legs, activity, cry, consolability; VAS = visual
analogue scale; FPS-R = faces pain scale revised; SD = standard deviation; CI = confidence interval; T1 = pre-randomised dressing
application; T2 = post-randomised dressing application; T3 = pre-definitive dressing application; T4 = post-definitive dressing

application.

3.2.1 Ancillary Pain Measures

3.2.1.1. Parent and Caregiver Pain Scores (Observer VAS)

There were no significant differences in pain scores between the control and intervention group for
observational pain ratings from parents and caregivers assessed using the VAS Observer in the ED. No
significant between-group differences in VAS Observer pain scores were found between the intervention and
control groups for post-randomised dressing application (Mean Difference: 1, 95% CI: -8 to 11, p = 0.78),
pre-definitive dressing application (Mean Difference: 0, 95% CI: -11 to 11, p = 0.96), or post-definitive

dressing application (Mean Difference: 6, 95% CI: -7 to 18, p = 0.36) time points.
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3.2.1.2 Child reported pain (FPS-R and VAS)

Child self-report pain scores measured using the FPS-R and VAS showed no significant between-group
differences. Self-report FPS-R scores assessed post-dressing application (Mean Difference: 0.3, 95% CI: -1.7
to 2.2, p = 0.78), pre-definitive application (Mean Difference: 0.6, 95% CI: -1.8 to 2.9, p = 0.64), and post-
definitive dressing application (Mean Difference: 0.1, 95% CI: -3.1 to 3.3, p = 0.96) showed no significant
group differences. As burn injuries often affect infants and children under the age of five, a small number of
children recruited into the trial were aged over eight. The VAS for Pain is designed for children aged eight
years and older. As a consequence of the median patient age, low numbers of participants were able to use
this self-report pain scale and therefore limited statistical tests that could be performed. Median self-report
VAS scores are presented in Table 2 but should be interpreted with consideration of this sample size

limitation.

3.3 Secondary outcomes

3.3.1 Physiological measures

No significant difference in mean pulse rate (Mean Difference: -3, 95% CI: -11 to 5, p = 0.41) or temperature
(Mean Difference: 0.6, 95% CI: -0.13 to 0.24, p = 0.53) was detected between intervention and control

groups following the application of the randomised dressings in the ED (see Table 3).
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Table 3. Physiological measures in the ED

Measure Time point N Intervention N Control Adjusted Mean  95% CI p value
Difference
Mean (SD) Mean (SD)
Pulse Tl 34 111 27) 24 112 (20) - - -
(Beats/minute) T2 34 104 (26) 32 109 (21) -3 ‘11t05 0.41
T3 33 105 (26) 32 113 (21) -8 -16to 1 0.07
T4 29 109 (25) 31 113 (24) -3 -12t0 6 0.52
Temperature Tl 35 36.34 25 36.42 - - -
(° Celsius) T2 36 36.42 33 36.36 0.6 -0.13 t0 0.24 0.53
T3 36 36.43 33 36.33 0.12 -0.12 t0 0.37 0.33
T4 34 36.44 33 36.32 0.14 -0.14 t0 0.40 0.29
Alpha-amylase fMean (x/SD) fMean (x/SD)  tRatio of Means  95% CI
(units/mL) T1 19 48 (x/2) 8 46 (%/3) - - -
T2 26 54 (x/3) 20 37 (x/2) 1.53 0.93 to 2.53 0.10

SD = standard deviation; CI = confidence interval; mL = millilitre; T1 = pre-randomised dressing application; T2 = post-randomised
dressing application; T3 = pre-definitive dressing application; T4 = post-definitive dressing application. * Adjusted Mean Difference
= Intervention Group — Control Group. T Alpha-amylase data reported as geometric mean, geometric standard deviation, and ratio of
geometric means.

3.3.2 Re-epithelialisation

Median (IQR) time to re-epithelialisation for the intervention group was 9 days (6.25 — 10.75) and 9 days
(7.5 — 14) for the control group. Clinical assessment from treating surgeons showed no significant between-
group differences in time to 95% re-epithelialisation, with a median difference (95% CI) equal to -1 (-3 to 1),
p = 0.26. With regards to the blinded assessment of burn wound images, exact agreement between the
treating surgical consultants and blinded review panel was used to examine agreement between health
professionals measuring time to re-epithelialisation [40]. Agreement on evaluation of re-epithelialisation was
found to be good (69% agreement) between the three expert reviewers and the treating surgeons (see

Appendix A for additional agreement data).

3.3.3 Biochemical stress markers
No significant difference in sAA was found between the intervention and control group following the

application of the randomised dressing during acute care in the ED (see Table 3). Children who received
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Burnaid® dressings did not show a reduction in the biochemical stress marker in comparison to paediatric
patients who received PVC film (Geometric Mean Ratio: 1.53, 95% CI = 0.93 to 2.53, p = 0.10). Levels of
SAA collected in the waiting room during dressing changes one (Geometric Mean Ratio: 1, 95% CI = 0.65 —
1.56, p = 0.97) and two (Geometric Mean Ratio: 1.14, 95% CI = 0.48 — 2.71, p = 0.75) showed no significant
differences between children who received Burnaid® dressings in the ED and those who received PVC film

(see Appendix B).

3.3.4 Pain at first, second, and third dressing changes

Pain scores assessed in the Burns Outpatient Department during follow up dressing changes one to three are
reported in Appendix C for the two treatment groups. No statistical differences in observational or child self-
report follow up pain scores were found between children who received Burnaid® dressings and those who
received PVC film during acute care. Temperature and pulse rate assessed during follow up dressing changes
(as physiological indicators of pain) also showed no significant group differences over dressing changes one

to three (see Appendix B for physiological data).

3.3.5 Staff and caregiver perspectives on dressings

Dressing satisfaction from clinical staff, in addition to parents and caregivers, assessed in the ED during
acute care is presented in Appendix D. No significant differences in ease of dressing application, removal,
flexibility, or conformity were identified between the two groups from ED nursing staff. Parents are
caregivers reported higher satisfaction scores for ease of dressing application for children who received
Burnaid dressings, in comparison to those who received PVC film (p = 0.013). Parent/caregiver satisfaction
scores were also higher for ease of dressing removal within the Burnaid arm, in comparison to the control
arm (p = 0.045). Furthermore, parents and caregivers reported higher satisfaction scores for ease of
movement for children who received Burnaid, in comparison to paediatric patients who received PVC film in
the ED (p = 0.047). Last, no significant differences in perceived patient comfort were identified between the

two groups from parents and caregivers using the 0 — 10 NRS.

4. Discussion

There has been an emergence of research demonstrating the importance of acute pain control in traumatic

injuries, emphasising the association between untreated pain and maladaptive outcomes such as: prolonged
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wound healing [4, 5], long-term emotional disorders [6, 7], and chronic pain conditions [8, 9]. Pain is a chief
complaint for patients with burn injuries in the acute setting [41, 42]. Therefore, prehospital and acute care
providers have a crucial role in recognising and reducing the burden of pain for these patients. Reducing
acute pain is of particular importance for paediatric burn patients who often have to undergo numerous
painful and distressing medical procedures during their care. The better pain and distress are managed during
a child’s first visit to the ED for burn wound treatment— the lower the child’s chances are of developing
anticipatory anxiety and avoidance behaviours for future medical procedures [43]. Effective non-
pharmacological interventions for the management of acute burn pain are needed to supplement
pharmacological methods of pain reduction in paediatric patients [36, 44]. We were pleasantly reassured to
find most burn patients presenting to our ED had mild to no pain. Because of this, examining the
effectiveness of acute burn dressings on reducing acute pain score was restricted — and results from this
prospective RCT should be interpreted with the acknowledgement of this limitation. At present, there are no
high level trials supporting the use of Burnaid® hydrogel dressings for acute burn management. The aim of
this trial was to fill this gap in the literature, and examine the effectiveness of Burnaid® dressings on
reducing acute pain scores in children with thermal burns. To the best of our knowledge, this is the first
prospective RCT conducted in a paediatric burn population examining the analgesic properties of a hydrogel

burn dressing in an ED setting.

Results from this prospective RCT should be interpreted with consideration of several limitations. First, very
few participants had moderate to severe pain scores following their initial presentation to the QCH prior to
recruitment into the trial - see Appendix E for complete pain score frequencies. More than 60% of paediatric
burn patients received observational pain scores of zero (out of ten using the FLACC pain scale) from ED
nursing staff. Moreover, an additional 19% of children received pain ratings equal to one (using the ten-point
scale) following initial presentation to the ED. A significant effect of the intervention on reducing acute burn
pain might not have been identified in this trial because pain scores were so low following patient’s first
presentation to hospital for their burn. Second, prehospital and referral services in Queensland acted to
provide comprehensive pharmacotherapies for pain management to paediatric patients with thermal burns
during transportation to the QCH. So much so that pain scores might have been too low to observe a
significant reduction following application of the intervention or control. A large proportion (78%) of patients

20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 23 of 44 BMJ Open

oNOYTULT D WN =

enrolled in the trial received three or more medication classes during their acute burn care — the most common

combination being paracetamol, ibuprofen, fentanyl for both groups (see Table I).

The third limitation also relates to prehospital care, and includes the use of different acute burn dressings
during patient transport to hospital, prior to randomisation and enrolment in the trial. As this was a pragmatic
trial aiming to simulate real-world clinical scenarios within the ED, the application of prehospital acute burn
dressings was not an exclusion criterion for participation. However, this meant that some participants
received PVC film or Burnaid prior to presenting to the QCH, which may have had confounding effects.
Fourth, where a patient enrolled in the trial received their first aid cooling was not delineated in the dataset
and this is considered to be a limitation of the trial. In addition, whilst all administered analgesia from the
time the burn was sustained to initial presentation to the ED and wound debridement was recorded for all
patients, where this analgesia was administered was also not delineated in the dataset and is also viewed as a

significant research limitation.

The last limitation relates to potential moderating effects. Non-pharmacological interventions such as
distraction are commonplace during paediatric medical procedures. Almost 70% of all participants received
additional distraction techniques during their acute burn treatment in the ED such as video distraction using
mobile phones and television, clown doctors, music therapists, bubbles, toys, and lollies (see Table 1). These
non-pharmacological interventions were also left in place to simulate a real-world pragmatic trial, however
could have moderated the effect of the intervention. An effect of the intervention on reducing acute pain
scores might not have been detected due to the low pain scored at initial presentation, analgesia on-board at
the time of recruitment, or other confounding factors such as the application of prehospital burn dressings
prior to enrolment in the trial. It is therefore recommended that this research be replicated in the prehospital
setting — where acute pain scores are anticipated to be higher and the application of prehospital burn dressings

and analgesia can be better controlled.

5. Conclusion

It was predicted that Burnaid® dressings would provide superior analgesia for paediatric burn patients when
applied as an adjunct to CRW first aid, in comparison to PVC film (current standard practice). However, the

effect of the intervention on reducing acute pain scores was not supported in this investigation and we were
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unable to show a clinically relevant treatment effect caused by the intervention — Burnaid® hydrogel
dressings. Results from this RCT found no significant between-group differences in observational pain
scores assessed using the FLACC pain scale from ED nursing staff — the primary outcome of the trial.
Moreover, no significant group-differences in parent/caregiver pain scores or child self-report pain scores
were identified during acute care in the ED or follow up wound care in the Burns OPD. The effect of the
intervention on additional outcomes including, time to re-epithelialisation, stress, temperature, heart rate, and
need for analgesic medication was also not supported. Ease of dressing application and removal, in addition
to ease of patient movement whilst dressings were applied, were higher for the Burnaid group in accordance
with parent and caregiver ratings. Dressing satisfaction measures from clinical staff within the ED found no
significant differences between patients who received Burnaid and those who received PVC film. Moreover,
no difference in perceived comfort ratings from parents and caregivers were identified between the two
groups. Research investigating adjunctive methods of pain control for children with burns holds great
translational value. It was predicted that an acute burn dressing with additional cooling and evaporative
properties would provide superior pain relief for children with thermal burns, in comparison to PVC film.
This was not supported, and Burnaid® dressings do not appear to provide superior pain relief in comparison

to PVC film when applied as an acute burn dressing following first aid and initial presentation to the ED.
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Figure Legend

Figure 1. Consort flow diagram

Figure 2. Pain assessment timepoints during acute and follow up care
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Figure 1. Consort Flow Diagram
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Appendix A. Exact agreement between clinicians assessing time to re-epithelialization: Treating surgical

consultant versus blinded expert panel

BMJ Open
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Clinicians

Agreement between Clinicians

Consultant and Reviewer 1

Consultant and Reviewer 2

Consultant and Reviewer 3

Reviewer 1 and Reviewer 2

Reviewer 1 and Reviewer 3

Reviewer 2 and Reviewer 3

64%

64%

69%

71%

71%

75%
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Appendix B. Physiological measures at follow up dressing changes

Measure Time point Intervention Control Adjusted Mean p value
Mean (SD) Mean (SD) Difference (95% CI)
Pulse rate 1% Dressing Change
(beats/minute) T1 104.1 21.7) 109.9 (19.0) 6(-17105) 0.29
T 100.4 (23.6) 104.9 (17.4) 4 (-17t0 8) 0.47
T3 98.3 (25.8) 104.9 (15.3) 7 (200 7) 0.33
T4 99.3 (24.1) 109.6 (19.68) -10 (24— 3) 0.13
2" Dressing Change
Tl 1042 (21.4) 119.1 22.7) -15 (=30 to 0) 0.05
T2 100.9 (20.9) 109.9 (23.0) 9 (25t07) 0.25
T3 95.7 (20.5) 104.0 (20.6) -8 (29 t0 12) 0.41
T4 95.7 (21.5) 104.3 (19.9) -9 (-33 o 16) 0.45
3" Dressing Change
Tl 108 (12.2) 111.3 (27.8) 3(-33 to 16) 0.81
T 98.4 (19.9) 103.9 (18.8) -6 (33 0 16) 0.60
T3 953 (24.2) 94.8 (19.0) 1 (-33 0 16) 0.97
T4 96.3 (31.1) 102.0 (28.3) -9 (33 to 16) 0.81
Temperature 1% Dressing Change
(© Celsius) Tl 36.1 (0.4) 36.0 (0.4) 0.05(-0.17t0 0.26)  0.66
T 36.3 (0.6) 362 (0.5) 0.05(-023t0033)  0.71
3 362 (0.4) 36.2 (0.5) 0.05(-029100.19)  0.66
T4 362 (0.4) 363 (0.5) 0.03 (02910 0.22)  0.81
2" Dressing Change
T1 35.9 (0.4) 35.9 (0.4) 0.02(-021t0025)  0.85
T2 362 (0.4) 36.3 (0.5) 0.08 (03510 0.25)  0.57
T3 36.3 (0.4) 36.3 (0.4) 0.02 (0370 0.25) 0.9
T4 362 (0.4) 36.3 (0.3) -0.16 (-0.43 10 0.25) 0.3
3" Dressing Change
Tl 362 (0.9) 36.1 (0.4) 0.19 (0440 0.83)  0.53
) 36.6 (0.6) 36.4 (0.3) 0.18 (-027t00.63) 0.4
T3 36.8 (0.4) 362 (0.3) 0.52(-0.02t0 1.06)  0.06
T4 36.9 (0.5) 36.4(0.2) 0.5 (-0.02 to 1.02) 0.06
Salivary o-amylase 1% Dressing Change TMean (x/SD) TMean (x/SD)
(U/mL) Tl 39 (24 - 70) 43 (23 - 65) 1.00 (0.65 to 1.56) 0.97
2" Dressing Change
Tl 43 (17— 106) 28 (14— 77) 1.14 (0.48 to0 2.71) 0.75
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SD = standard deviation; CI = confidence interval. U/mL = units per milliliter; T1 = timepoint 1; T2 = timepoint 2; T3 =

timepoint 3; T4 = timepoint 4. * Adjusted Mean Difference = Intervention Group — Control Group.
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Appendix C. Pain at dressing changes one, two, and three
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Pain Assessment Timepoint N (Intervention)  Intervention N (Control)  Control Adjusted Mean p value
Mean (SD) Mean (SD) Difference (95% CI)
Nurse: FLACC (0 -10)
1% Dressing Change
Tl 36 0.0 (0.0) 33 0.0(0.2) 0.0 (-0.1 to 0) 0.3
T2 34 1.3(1.7) 31 1.1(1.6) 0.2 (0.7 to 1.0) 0.69
T3 28 0.1(0.3) 29 0.1(0.4) 0.0(-0.21t0 0.2) 0.73
T4 28 0.4 (0.9) 28 0.2 (0.5) 0.2 (-0.2 t0 0.6) 0.36
Peak FLACC 34 2.1(1.9) 31 1.7 (1.5) 0.3(-0.5t0 1.2) 0.41
2" Dressing Change
Tl 26 0.0 (0.0) 28 0.0 (0.0) 0.0 (0.0) -
T2 24 1.1(1.7) 27 0.6 (1.3) 0.5(-0.4to0 1.3) 0.25
T3 12 0.0 (0.0) 16 0.5 (1.5) 0.5 (-1.4 t0 0.4) 0.28
T4 12 0.2(0.4) 14 0.3 (0.7) -0.1 (-0.6 t0 0.4) 0.62
Peak FLACC 24 1.6 (1.8) 27 1.0 (1.6) 0.6 (-0.3 to 1.6) 0.20
3" Dressing Change
T1 7 0.0 (0.0) 14 0.0 (0.0) 0.0 (0.0) -
T2 7 0.1(0.4) 12 0.6 (0.7) -0.4 (-1.0t0 0.1) 0.13
T3 3 0.3 (0.6) 7 0.4 (1.1) 0.1 (-1.7to 1.5) 0.9
T4 3 0.0 (0.0) 7 0.0 (0.0) 0.0 (0.0) -
Peak FLACC 7 1.4 (1.4) 13 0.8 (0.9) 0.6 (-0.5t0 1.7) 0.27
Parent: VAS Observer (0 — 100)
1% Dressing Change
Tl 34 82(18.8) 32 3.4(9.7) 5(-3.0 to 12.0) 0.2
T2 33 31.5(379) 31 18.5(23.8) 13 (-3.0 t0 29.0) 0.11
T3 27 18.9 (28.2) 29 9.7 (17.6) 9 (-3.0 to 22.0) 0.14
T4 27 19.1 (26.7) 28 7.1(20.2) 12 (-1.0 t0 25.0) 0.07
Peak VAS 33 42.1(352) 29 29.5(22.3) 13 (-3.0 t0 28.0) 0.10
2" Dressing Change
Tl 25 44(11.6) 28 1.4 (4.5) 3(-2.0 10 8.0) 0.21
T2 23 14.1(232) 27 9.6 (20.5) 5(-8.0 to 17.0) 0.47
T3 11 77(19.9) 15 2.7 (4.6) 5(-6.0 to 16.0) 0.35
T4 11 1232L1) 13 3.1(8.5) 9 (-4.0 t0 22.0) 0.16
Peak VAS 22 214 (303) 26 13.8 (21.7) 8 (-8.0 to 22.0) 0.32
3" Dressing Change
Tl 7 43 (11.3) 13 2.3(8.3) 2(-7.0to 11.0) 0.66
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T2
T3
T4
Peak VAS

Child: FPS - R

1% Dressing Change
T1
T2
T3
T4

Peak FPS — R

2" Dressing Change
T1
T2
T3
T4

Peak FPS — R

3" Dressing Change
T1
T2
T3
T4

Peak FPS - R
Child: VAS

1% Dressing Change

T1

T2

T3

T4

Peak VAS
2" Dressing Change

T1

T2

T3

T4

Peak VAS
3" Dressing Change

T1

BMJ Open
11.7 (16.0) 11
5.0(7.1) 7
0.0 (0.0) 6
20.0 14.1) 11
0.00 (0.00) 10
2.7 (4.4) 9
2.0 (3.5) 8
0.3 (0.8) 6
2.7(4.1) 7
0.00 (0.00) 6
0.7 (1.6) 5
0.00 (0.00) 3
0.00 (0.00) 3
1.0 (1.7) 8
0.00 (0.00) 3
1.0 (1.4) 3
1.0 (1.4) 2
2.0(2.8) 0
3.0 (1.4) 3
219275 7
457 (41.6) 5
333(37.8) 4
28.0(25.9) 4
52.5 (41) 6
163 (22.0) 5
279 (274) 5
16.0 26.1) 3
120 (17.9) 3
344(313) 7
8.3 (14.4) 2

8.2 (10.8)
8.6 (12.1)
3.3(82)
11.8 (11.7)

0.1(0.3)
2.43.4)

2.3(3.6)
1.0 (1.7)
1.72.1)

1.7 (4.1)
2.0 (4.5)
1.3(2.3)
1.3(2.3)
1.3 (3.5)

3.3(5.8)
3.3(5.8)
0.0 (0.0)

3.3(5.8)

7.1 (15.0)
8.0 (11.0)

30.0 (47.6)
25.0 (50.0)
233 (40.8)

4.0(8.9)
4.0 (8.9)
6.7 (11.5)
0.0 (0.0)
5.7(9.8)

0.0 (0.0)

3 (-10.0 to 17.0)
-4 (-25.0 to 18.0)
-3 (-18.0 to 12.0)
8 (-6.0 t0 23.0)

0.1 (-3t0.1)
0.2 (-3.7t0 4.1)
0.2 (-42103.7)
0.7 (2.3 10 .8)
1.0 (-2.7 to 4.6)

1.7 (-5.8 t0 2.5)
1.3 (-5.7103.1)
-13(-5t02.4)
13 (-5t02.4)
02 (-3.7103.2)

33 (-17 to 10.4)
2.3 (-16.2t0 11.6)
1.0 (-3.3 t0 5.3)

0.3 (-14.2 to 13.6)

15 (-11 to 40)
38 (-5 to 81)
3 (-39 to 65)
3 (-57 to 63)
29 (-19 to 77)

12 (-11 to 35)
24 (-5 to 52)
9 (-31 to 49)
12 (-14 to 38)
29 (2 to 55)

8 (-26 — 43)
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0.60
0.71
0.60
0.24

0.39
0.91
0.89
0.33
0.59

0.39
0.51
0.37
0.37
0.88

0.50
0.63
0.42

0.94

0.23
0.08
0.90
0.91
0.21

0.27
0.09
0.59
0.30
0.04

0.50
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T2 3 267 (252) 2 15.0 (7.1) 12 (-49 t0 73) 0.58
T3 2 5.0(7.1) 2 5.0(7.1) 0 (-30 to 30) >0.99
T4 2 20.0 (28.3) 2 0.0 (0.0) 20 (-66 to 106) 0.42

oNOYTULT D WN =

Peak VAS 2 40.0 (14.1) 2 15.0(7.1)  25(-23t073) 0.15

* Adjusted Mean Difference = Intervention Group — Control Group. FLACC = face, legs, activity, cry, consolability scale;
12 VAS = visual analogue scale; FPS-R = faces pain scale revises; SD = standard deviation; CI = confidence interval; T1 =

14 timepoint 1; T2 = timepoint 2; T3 = timepoint 3; T4 = timepoint 4.
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Appendix D. Staff and caregiver perspectives on dressings

BMJ Open

Page 38 of 44

Assessor Dressing Measure Control (PVC film) Intervention (HBD) p value
N Mean (SD) N Mean (SD)

ED Staff
Ease of dressing application 8 8.00 (1.85) 15 9.53 (0.99) 0.056
Ease of dressing removal 9 9.78 (0.67) 16 9.88 (0.50) 0.709
Flexibility 9 8.22(1.99) 16 9.56 (0.73) 0.082
Conformity 9 7.89 (2.09) 16 8.44 (1.50) 0.500

Parents
Ease of dressing application 16 7.63 (2.66) 24 9.54 (0.88) 0.013
Ease of dressing removal 16 8.62(2.28) 24 9.88 (0.34) 0.045
Comfort 16 8.19 (2.61) 24 8.96 (1.88) 0.318
Ease of movement 16 7.81 (2.59) 24 9.29 (1.30) 0.047

ED = emergency department; PVC = polyvinylchloride film; HBD = hydrogel burn dressing; N = number of

participants; SD = standard deviation
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1

2

3 Appendix E. Pain score frequencies during acute care in the ED

4

5

? Pain Scale and Timepoint Pain Score N (Intervention) Burnaid® N (%) N (Control)  Plastic Wrap N (%)

8 FLACC (0 - 10 scale) n =235 n=23

?o Tl 0 18 (51%) 16 (70%)

11 1 9 (26%) 3 (13%)

12

13 2 4 (11%) 2 (9%)

14 3 1 (3%) 1 (4%)

15

16 5 1 (3%) 0 (0%)

17 6 1 (3%) 1 (4%)

18

19 10 1 (3%) 0 (0%)

20 T2 n=36 n=35

21

22 0 30 (83%) 26 (74%)

;3 1 1 (3%) 5 (14%)
4

25 2 3 (8%) 4 (11%)

;g 3 1 (3%) 0 (0%)

28 4 1 (3%) 0 (0%)

gg T3 n=36 n=34

31 0 31 (86%) 24 (71%)

;g 1 1 (3%) 5 (15%)

34 2 2 (6%) 4 (12%)

;2 3 1 (3%) 0 (0%)

37 6 1 (3%) 0 (0%)

38

39 9 0 (0%) 1 (3%)

40 T4 n=35 n=33

41

) 0 26 (74%) 24 (73%)

43 1 2 (6%) 2 (6%)

44

45 2 3 (9%) 4 (12%)

46 3 1 3%) 1 (3%)

47

48 4 2 (6%) 1 (3%)

49 7 0 (0%) 1 (3%)

50

51 8 1 (3%) 0 (0%)

gg Peak FLACC n =36 n=34

54 0 5 (14%) 4 (12%)

gg | 3 (8%) 4 (12%)

57 2 7 (19%) 3 (9%)

gg 3 6 (17%) 4 (12%)

60
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4 5 (14%) 7 (21%)
5 2 (6%) 2 (6%)
6 3 (8%) 4 (12%)
7 2 (6%) 1 (3%)
8 3 (8%) 3 (9%)
9 0 (0%) 1 (3%)
10 0 (0%) 1 (3%)
Observer VAS (0 — 100 scale) n =234 n=22

Tl 0 9 (26%) 4 (18%)
10 3 (9%) 3 (14%)
20 4 (12%) 1 (5%)
30 4 (12%) 3 (14%)
40 4 (12%) 6 (27%)
50 0 (0%) 4 (18%)
55 1 (3%) 0 (0%)
60 4 (12%) 0 (0%)
70 3 (9%) 0 (0%)
80 1 (3%) 1 (5%)
100 1 (3%) 0 (0%)

T2 n =234 n=31
0 14 (41%) 10 (32%)
10 1 (3%) 3 (10%)
20 6 (18%) 5 (16%)
25 0 (0%) 1 (3%)
30 4 (12%) 5 (16%)
35 0 (0%) 1 (3%)
40 2 (6%) 2 (6%)
50 1 (3%) 2 (6%)
60 4 (12%) 2 (6%)
70 2 (6%) 0 (0%)

T3 n =235 n =234
0 15 (43%) 14 (41%)
10 2 (6%) 7 (21%)
20 7 (20%) 4 (12%)
30 5 (14%) 3 (9%)
40 1 (3%) 1 (3%)
50 2 (6%) 2 (6%)
60 3 (9%) 1 (3%)
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80 0 (0%) 1 (3%)
100 0 (0%) 1 (3%)
T4 n=33 n=232
0 12 (36%) 16 (50%)
10 2 (6%) 4 (13%)
20 6 (18%) 5 (16%)
30 4 (12%) 0 (0%)
40 1 (3%) 1 (3%)
50 3 (9%) 2 (6%)
60 4 (12%) 2 (6%)
70 0 (0%) 1 (3%)
100 1 (3%) 1 (3%)
FPS — R (0 — 10 scale) n=9 n="7
T1 0 4 (44%) 1 (14%)
2 0 (0%) 2 (29%)
4 3 (33%) 2 (29%)
5 0 (0%) 1 (14%)
8 1 (11%) 1 (14%)
10 1 (11%) 0 (0%)
T2 n=10 n=9
0 6 (60%) 4 (44%)
2 1 (10%) 2 (22%)
4 0 (0%) 1 (11%)
6 1 (10%) 1 (11%)
8 0 (0%) 1 (11%)
10 2 (20%) 0 (0%)
T3 n=11 n=11
0 8 (73%) 9 (82%)
1 1 (9%) 0 (0%)
4 0 (0%) 1 (9%)
6 1 (9%) 0 (0%)
10 1 (9%) 1 (9%)
T4 n=10 n=10
0 4 (40%) 5 (50%)
1 1 (10%) 0 (0%)
2 1 (10%) 2 (20%)
4 1 (10%) 0 (0%)
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6 2 (20%) 1 (10%)
10 1 (10%) 2 (20%)
Child Self-report VAS (0 — 100 scale) n=9 n=2
T1 0 2 (22%) 0 (0%)
10 0 (0%) 1 (50%)
20 1 (11%) 0 (0%)
30 1 (11%) 1 (50%)
40 1 (11%) 0 (0%)
50 2 (22%) 0 (0%)
70 1 (11%) 0 (0%)
85 1 (11%) 0 (0%)
T2 n=10 n=4
0 4 (40%) 1 (25%)
10 0 (0%) 1 (25%)
20 3 (30%) 1 (25%)
30 1 (10%) 0 (0%)
50 1 (10%) 0 (0%)
60 1 (10%) 0 (0%)
80 0 (0%) 1 (25%)
T3 n=11 n=>5
0 5 (45%) 4 (80%)
10 1 (9%) 0 (0%)
20 3 (27%) 0 (0%)
40 0 (0%) 1 (20%)
50 1 (9%) 0 (0%)
60 1 (9%) 0 (0%)
T4 n="7 n=4
0 2 (29%) 2 (50%)
10 0 (0%) 1 (25%)
20 1 (14%) 0 (0%)
40 2 (29%) 0 (0%)
55 1 (14%) 0 (0%)
60 1 (14%) 0 (0%)
90 0 (0%) 1 (25%)

N = number of participants; FLACC = face, legs, activity, cry, consolability scale; VAS = visual analogue scale; FPS-R =

faces pain scale revises; Ag = silver dressing; T1 = timepoint 1; T2 = timepoint 2; T3 = timepoint 3; T4 = timepoint 4.
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Abstract #1b  Structured summary of trial design, methods, results, and 1-2
conclusions

Introduction

Background and #2a  Scientific background and explanation of rationale 3-4
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Abstract
Objective
To compare the effectiveness of two acute burn dressings, Burnaid® hydrogel dressing and plasticised

polyvinylchloride film, on reducing acute pain scores in paediatric burn patients following appropriate first

aid.

Design

Single-centre, superiority, two-arm, parallel-group, prospective randomised controlled trial.

Participants and Setting
Paediatric patients (aged < 16) presenting to the Emergency Department at the Queensland Children’s
Hospital, Brisbane, Australia, with an acute thermal burn were approached for participation in the trial from

September 2017 — September 2018.

Interventions
Patients were randomised to receive either (1) Burnaid® hydrogel dressing (Intervention) or (2) plasticised

polyvinylchloride film (Control) as an acute burn dressing.

Primary and Secondary Outcomes

Observational pain scores from nursing staff assessed 5-minutes post-application of the randomised dressing,
measured using the Face Legs Activity Cry and Consolability Scale was the primary outcome. Repeated
measures of pain, stress, and re-epithelialisation were also collected at follow-up dressing changes until 95%

wound re-epithelialisation occurred.

Results

Seventy-two children were recruited and randomised (z = 37 Intervention; n = 35 Control). No significant
between-group differences in nursing (Mean Difference: -0.1, 95% CI: -0.7 to 0.5, p = 0.72) or caregiver
(MD: 1, 95% CI: -8 to 11, p = 0.78) observational pain scores were identified. Moreover, no significant
differences in child self-report pain (MD: 0.3, 95% CI: -1.7 to 2.2, p = 0.78), heart rate (MD: -3, 95% CI: -11
to 5, p =0.41), temperature, (MD: 0.6, 95% CI: -0.13 to 0.24, p = 0.53), stress (Geometric Mean Ratio: 1.53,
95% CI: 0.93 to 2.53, p = 0.10), or re-epithelialisation rates (MD: -1, 95% CI: -3 to 1, p = 0.26) were

identified between the two groups.
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Conclusions
A clear benefit of Burnaid® hydrogel dressing as an analgesic adjunct to first aid for the treatment of acute

paediatric burns was not identified in this investigation.

Trial Registration

Australia and New Zealand Clinical Trials Register (ACTRN): ACTRN12617001274369

Article Summary
Strengths and limitations of this study
*  First randomised controlled trial investigating analgesic properties of acute burn dressings in a
paediatric burn population
* Pain was assessed using age-specific and reliable self-report and observational scales, in addition to
physiological measures of pain and distress.
* This investigation was pragmatic in nature, replicating real-world clinical scenarios where acute burn
dressings are used.
* Lack of representativeness within the patient sample (small to medium sized burns in children aged
between 0 — 5 years) may limit generalisability of the findings to the broader paediatric burn

population.

Key Words

Burns, Paediatric Emergency Medicine, Randomised Controlled Trial, Pain
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1. Introduction

Pain remains a major issue following a burn, and research suggests that pain from burn injuries continues to
be undertreated in children [1]. The subsequent wound care required to treat a burn is also associated with
significant pain and distress — thus burn pain comprises a challenging spectrum of acute, background,
breakthrough, and procedural pain [2, 3]. The aim of this trial was to provide health practitioners with
evidence to support the use of an acute burn dressing that is superior in terms of pain relief for paediatric
patients with acute thermal burn injuries. Optimising pain management for paediatric burn patients is more
than just a compassionate need to reduce suffering — despite that being a sufficient motivator for health care
professionals. Improving acute pain control for children with traumatic injuries such as a burn is critical, as
suboptimal analgesia can prolong wound re-epithelialisation [4, 5]. Moreover, adverse and uncontrolled pain
can have long-term emotional consequences [6, 7] and influence pain perception and processing later in life

8, 9].

Topical administration of cool running water (CRW) for 20 minutes within 3 hours of the burn occurring is
the recommended gold standard first aid for burn injuries, in accordance with the Australian and New
Zealand Burn Association [10-14]. Following first aid, guidelines recommend burn wounds to be covered
with a sterile dressing to maintain a moist wound environment, minimise the risk of infection, and prevent air
exposure — as this can be quite painful for patients with acute burns [15]. Characteristics of an ideal acute
burn dressing include a transparent non-adherent design, easy application and removal, and protection from
environmental exposure. Plasticised polyvinylchloride (PVC) film fulfils this criteria, and excluding the
application to facial burns, is an inexpensive and practical dressing for acute burn injuries in the prehospital
and Emergency Department (ED) setting. For this reason, PVC film has been used in the management of
acute burns for over four decades. However, the preferred acute burn dressing varies between prehospital

services in different states and countries.

Over the past decade, Burnaid® hydrogel dressings have gained widespread use in the prehospital setting for
acute burn injuries — and are promoted as providing hydration to the burn wound and pain relief via a
convection and evaporative cooling effect [16]. Burnaid® dressings comprise of a 3mm thick sterile polyester
urethane foam pad impregnated with a propylene glycol gel, which contains more than 90% purified water.

Despite its popularity amongst prehospital services, there is limited empirical evidence for the effectiveness
3
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of hydrogel burn dressings, and no studies have been conducted in a paediatric burn population. At present,
there is no robust empirical evidence to support the adoption of one particular acute burn dressing over the
others. With the continual development of expensive wound care products, it is important that we validate
their use and effectiveness within the targeted clinical population. This trial examined the effectiveness of
Burnaid® hydrogel dressings as an analgesic adjunct to first aid for the treatment of acute paediatric burns in
comparison to current standard practice — PVC film. While PVC film offers protection from the external
environment, Burnaid® dressings provide evaporative cooling and a significant reduction in sub-dermal
temperatures when air currents pass over the dressing [17]. This evaporative cooling effect, which is specific
to hydrogel dressings, was the expected benefit of Burnaid® in comparison to PVC film. This evaporative
cooling effect was also why Burnaid® dressings were hypothesised to provide superior pain relief compared

to the current standard acute burn dressing.

2. Methods

2.1 Design and setting

We conducted a prospective, single-centre, superiority, randomised controlled trial (RCT) examining the
effectiveness of a hydrogel dressing as an analgesic adjunct to first aid for the treatment of acute paediatric
burn injuries, compared to current standard care. We used a two-arm parallel design with a 1:1 allocation
ratio. Participants were recruited between September 2017 — September 2018 from the ED and the Pegg
Leditschke Children’s Burns Outpatient Department (OPD) at the Queensland Children’s Hospital (QCH)
following initial presentation for their burn. The QCH serves as the major burns referral centre for
Queensland and Northern New South Wales, treating over 1200 paediatric patients with burn injuries per

annum.

2.2 Patient and public involvement

Patients and/or the public were not involved in the development of this research. However, relevant
stakeholders and knowledge users (i.e. prehospital staff, clinicians, and nurses) were involved in the initial

development of the trial, refinement of research questions, and identification of current knowledge gaps.
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1

2 2.3 Protocol and registration

3

4 This trial received ethics approval from The Queensland Children’s Health Service Human Research Ethics
5

6 Committee (approval number: HREC/16/QRCH/322) and The University of Queensland Ethics Committee
7

S (clearance number: 2017000979). Study methodology was documented in a published protocol [18] and

1(1) registered with the Australian New Zealand Clinical Trials Registry (ID number: ACTRN12617001274369)
12 . . .. .

13 on the 5" September 2017 prior to recruitment. This trial was completed as per the published protocol [18],
14

15 which contains a more in-depth description of the trial’s design and methods.

16

17 ..

18 2.4 Participants

19 . .

20 2.4.1 Inclusion criteria

21

22 Inclusion criteria: children aged between 0 — 16 years with an acute thermal burn < 20% of the child’s total
23

24 body surface area (TBSA), presented to the ED or Burns OPD within 24 hours of sustaining the burn,

25

26 received optimal first aid, and no definitive silver dressings or silver sulphadiazine cream applied prior to
27

28 enrolment.

29

30

31 2.4.2 Exclusion criteria

32

33 Exclusion criteria included: children with non-thermal burns or inhalation injuries, presented to the QCH
34

35 more than 24-hours post-burn, inadequate first aid, prior treatment with silver wound products, non-English
36

37 speaking, cognitive impairments, required ventilation or initial debridement under general anaesthetic,

38

2 g current involvement with Department of Communities, known sensitivity to hydrogels, and patients with
2; comorbidities that could impair wound healing or exacerbate/alter pain (i.e. metabolic congenital disorders,
4 . C e .

42 spinal cord defects/injuries, insensate patients).

45

46 . .

47 [INSERT Figure 1. CONSORT Flow Diagram]

48

gg 2.5 Procedures

gz Participant enrolment and intervention allocation are described above in Figure 1. All participants (if age
53

54 appropriate) and caregivers were given verbal and written information about the research, and provided

55

56 signed consent to participate in the trial. After obtaining informed consent, participants were stratified by
57

58 pain risk (1. High Pain or 2. Low Pain) according to factors that could influence pain in paediatric burn

59

60 patients. Factors were based on findings from a retrospective review of data from the Queensland Paediatric
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Burns Registry (unpublished hospital quality review). Participants presenting to the ED or Burns OPD with
one or more of the following criteria were considered at high pain risk: unilateral or bilateral foot burns,
campfire/hot coal burns, circumferential burn injuries, and burns >5% TBSA. Following stratification,
patients were randomised to receive either (1) Burnaid® hydrogel dressing (Intervention) or (2) PVC film
(Control). A computerised random number sequence-generating program was used for participant
randomisation. Concealment of treatment allocation were performed via the use of sealed, opaque, identical,

consecutively numbered envelopes prepared in advance by an independent third-party.

Due to the pragmatic nature of this trial, researchers could not be blinded to which randomised dressing
patients received. Researchers were required to be present when the acute burn dressings were applied and
removed to obtain pain scores and additional outcome measures from the child, caregiver, and medical staff.
Treating clinicians, nursing staff, patients, and caregivers were also not blinded to which treatment
participants received as dressings were visible on the patient’s burn. Because these dressings are topical,
concealment during patient treatment in the ED was not possible. To include an element of blinding in the
trial, a specialist panel of burn surgeons and senior nurses performed a blinded review of 3D wound images
to determine rate of re-epithelialisation at each dressing change until > 95% burn re-epithelialisation

occurred.

[INSERT Figure 2. Pain assessment timepoints during acute and follow up care]

Pain was assessed in the ED (Figure 2A) at four timepoints relative to the child’s acute treatment for their
burn: (T1) Pre-randomised dressing application, (T2) Post-randomised dressing application, (T3) Pre-
definitive dressing application, and (T4) Post-definitive dressing application. Peak pain during wound
cleaning and debridement was also collected from nursing staff using the FLACC, aiming to capture the
worst/maximal pain experienced during acute treatment. During subsequent dressing changes in the Burns
OPD (Figure 2B), pain was assessed at four time points relative to the child’s follow up treatment: (T1) Pre-
definitive-dressing removal, (T2) Post-definitive dressing removal, (T3) Pre-definitive dressing application,
(T4) Post-definitive dressing application. Peak pain during wound cleaning was also documented during
dressing changes. Observational pain scores from ED nursing staff assessed post-application of the

randomised dressings (T2 in Figure 2A4) was the primary outcome measure of the trial. Pain at T2 was
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assessed five minutes after the application of the randomised dressings for all participants — to give the

dressings a standard period of time on the wound before pain assessment.

Randomised dressings were left in place for 20-minutes. This time duration was chosen as the standardised
time for dressings to be applied in the ED for two reasons. First, this duration was predicted to be the time
taken from patient presentation to surgical assessment in the ED — prior to wound debridement and definitive
dressing application. This time duration was discussed with key stakeholders and relevant knowledge users
(such as ED consultants, surgical consultants, and nursing staff) prior to recruitment and data collection for
the trial. Second, 20-minutes has previously been used as the standardised time duration for the application
of Burnaid® dressings in a burn porcine model [17]. As little-to-no research has been conducted examining
acute burn dressings in a paediatric ED setting, and Burnaid® dressings do not provide a minimum duration
for dressing application, 20-minutes was used as a standardised duration to ensure consistency between

participants.

Additional measures collected at each of the eight aforementioned timepoints during the child’s acute and
follow up care included: a saliva sample (to measure biomarkers of stress), heart rate, and temperature. The
duration of each burn care procedure was timed in the ED and Burns OPD. Information regarding analgesic
medication administered to the patient prior to enrolment in the trial was obtained from Ambulance chart
records and referral notes. All medication administered to patients following presentation to the QCH was
recorded, in addition to all non-pharmacological interventions such as distraction techniques, rewards,

procedural preparation, and music/behavioural therapies.

2.6 Interventions

2.6.1 Intervention — Burnaid® hydrogel dressing

Burnaid® hydrogel dressing (Mundicare®, Sydney, Australia) served as the treatment intervention in this trial.
Burnaid® products previously contained Melaleuca Alternifolia (tea tree) for its broad-spectrum antimicrobial
properties, however inclusion of this active ingredient has since ceased and no tea tree containing Burnaid®

products were used in this investigation.
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2.6.2 Control — Plasticised polyvinylchloride film
Plasticised PVC film (also known as plastic wrap, cling film, and Saran™ wrap) is a thin (< 25um) food-

wrap that has been used in the management of acute burn injuries for over four decades [19, 20].

2.7 Measurements

2.7.1 Primary outcome measure

Observational pain scores from ED nursing staff was the primary outcome measure of the trial, and was
assessed using the Face, Legs, Activity, Cry and Consolability (FLACC) scale. The FLACC scale is a five-
item composite tool measuring aspects of both pain and distress in children. The scale consists of five
categories of behaviour, each of which are scored on a 0 to 2-point scale, giving a total score ranging from 0
to 10 [21]. The FLACC has been described in the literature as a reliable and well-validated pain assessment
tool for postoperative pain in patients age between 0 — 7, and has shown correlations with child self-report
pain measures [22, 23]. This pain scale was chosen to be the primary outcome measure for the trial based on
the low median age range of patients presenting to the QCH with a burn. Whilst self-report pain measures are
acknowledged to be the gold standard — a significant proportion of patients presenting to the ED for acute

burn treatment are pre-verbal and thus unable to self-report their pain.

2.7.2  Additional Measures of Pain

2.7.2.1 Child self-report (ages 4 — 8 years)

Child self-report pain scores were assessed using the Faces Pain Scale — Revised (FPS — R). The FPS—R is a
linear self-report scale designed for pain assessment in children over the age of four [24, 25]. The item is
composed of six-points (six-faces with differing expressions) with a lower anchor of no pain and an upper

anchor of very much pain.

2.7.2.2 Child self-report (ages 8+)
For patients over the age of eight, self-report pain was assessed using the Visual Analogue Scale for Pain

(VAS). The VAS has been described in the literature as a reliable and well-validated pain assessment tool for

use in older children [26, 27].
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2.7.2.3 Parent (observational) report

Parent/caregiver observational pain scores were assessed using the Observer Visual Analogue Scale for Pain
(VAS Observer) for pre-verbal paediatric patients and those under the age of four. The VAS Observer has
been shown to be a reliable and valid observational pain scale for use in a non-verbal paediatric population,

and for children who are unable to self-report their pain [28].

2.7.3 Secondary outcome measures

2.7.3.1 Re-epithelialisation

Burns were considered re-epithelialised if > 95% of the original wound area had re-epithelialised, and the
patient no longer required definitive dressings. Wound re-epithelialisation was assessed using two methods.
First, clinical judgement from the treating surgical consultant was determined at each dressing change.
Second, a panel of paediatric burn specialists performed a blinded review of 3D images (3D LifeViz™

System; QuantifiCare, Valbonne, France) of patient’s burn wounds taken at each dressing change.

2.7.3.2 Stress

Stress was assessed in this trial using a-amylase — a biochemical stress marker produced locally within
salivary glands. Patients placed a SalivaBio Oral Swab™ (Salimetrics Europe Ltd., Newmarket, UK) under
their tongue for 2 minutes for saliva collection. Salivary Alpha-Amylase Kinetic Enzyme Assay Kits (Item
No. 1-1902, Salimetrics Inc) were used to quantify a-amylase, as per the manufacturer’s instructions. The
trial protocol included assessments of levels of a-amylase and cortisol as indicators of stress during burn
wound treatment in the ED and subsequent dressing changes. Salivary a-amylase (sAA) was selected over
cortisol based on previous research conducted at the Pegg Leditschke Paediatric Burns OPD [29]. This
research found sAA to be responsive to stress during wound care procedures, and also found an association
between sAA and pain in children with thermal burns during dressing changes. Moreover, follow up
appointments occur during a morning clinic which runs from 7.30am — 10am. Cortisol levels are known to
peak within 30 — 45 minutes of waking up and then decrease due to diurnal variation. Due to the timing of
sample collection, SAA was deemed to be a more appropriate measure of stress in this trial. Saliva samples

were analysed from the following timepoints:

1. Pre- and post-application of the randomised dressing (i.e. Burnaid® or PVC film)
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2. Following patient arrival in the Burns OPD for their first dressing change — prior to premedication
and definitive dressing removal
3. Following patient arrival in the Burns OPD for their second dressing change — prior to premedication

and definitive dressing removal

2.7.3.3. Staff and caregiver perspectives on dressings

Dressing satisfaction from clinical staff regarding ease of randomised dressing application, ease of removal,
flexibility, and conformity were rated using a self-report 0 — 10 Numeric Rating Scale (NRS) for both
Burnaid® dressings and PVC film from ED nursing staff. Parent/caregiver ratings on ease of dressing
application, removal, comfort, and ease of movement were also assessed using a 0 — 10 NRS. It is
acknowledged that ease of dressing measurements within the ED were confounded due to lack of blinding,

and as a result of the variable nature, size, and anatomical location of the areas to be dressed.

2.7.3.4 Demographic and clinical information

Demographic and clinical details were obtained from parents/caregivers and medical records including age,
sex, burn mechanism, area affected, estimated burn TBSA, and prehospital care (such as first aid and
pharmacological interventions). Treating surgical staff first assessed burn TBSA in the ED following wound
debridement using a modified version of the Lund and Browder chart [30]. Burn TBSA was also assessed at
each change of dressing from the child’s treating consultant until the burns were considered to be 95% re-
epithelialised. Burn depth was assessed using two methods in the trial. First, clinical judgment from the
treating surgical consultant was reported following initial patient presentation to the hospital, and at each
follow up appointment in the Burns OPD for dressing changes. Second, burn depth was assessed using rapid
imaging with Moor LDLS-BI™ Laser Doppler Imager (Moor Instruments Limited, Devon, United
Kingdom). Laser Doppler Imaging (LDI) is a non-contact technique used in the assessment of burn injuries
to measure skin blood perfusion at the surface of the burn wound [31]. LDI measures the extent of micro-
vessel blood flow within the whole burn area, providing information on burn depth via microcirculation
expressed as “perfusion units” (PU) [32, 33]. Participants had their burn wounds scanned using LDI on their
first change of dressing (72 — 120 hours post-burn) in the Burns Outpatient Department to obtain mean and
minimum PU. This time period for LDI is in accordance with the manufactures instructions, and has been

established as acceptable time frame in recent studies [34, 35].
10
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2.8 Statistical Analysis

In accordance with previous studies aiming to reduce pain in paediatric burn patients, we expected pain
scores within each treatment group to have a normal distribution and a standard deviation (SD) of 2.4 [36].
Data were analysed on an intent-to-treat basis. Sample size was estimated at 29 experimental (intervention)
participants and 29 control participants to detect a significant between-group difference of 1.8 in pain scores
post-dressing application. With power equal to 0.8, a set at 0.05, and up to a potential 20% loss to follow-up,
the calculated target sample size was 72 participants. Between-group differences in primary and secondary
outcomes were estimated using mixed models in Stata version 16 [37]. Random effects for patients
accounted for the repeated measures, and restricted maximum likelihood method with Kenward-Rogers
degrees of freedom was used. Each model included data at baseline (i.e. pre-dressing) and at one follow-up
time, and assumed no population differences at baseline, a change from baseline in the control group and a
different change from baseline in the intervention group. Adjusted mean differences (Intervention - Control)
and 95% confidence intervals (Cls) are reported. The SAA data was log-transformed, and the adjusted ratio

of geometric means (Intervention + Control) are reported [38].

3. Results

3.1 Sample and demographic characteristics
Seventy-two paediatric burn patients were randomised and recruited into the trial. Four participants were lost
to follow up and had no additional data collected past the initial point of treatment in the ED. Patient

demographic details and baseline characteristics are presented in Table 1.

11
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Table 1. Participant demographic and clinical variables
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Intervention Control
Variable
N=37 N=35

Patient age (years)

0-3 20 (54%) 27 (77%)

4-7 9 (24%) 5 (14%)

8-16 8 (22%) 3 (9%)
Indigenous status

Not indigenous 34 (92%) 33 (94%)

Aboriginal 2 (5%) 2 (6%)

Torres Strait Islander 1 (3%) 0 (0%)
Gender

Male 22 (59%) 19 (54%)
Mechanism of injury

Scald 26 (70%) 28 (80%)

Contact 8 (22%) 7 (20%)

Flame 2 (5%) 0 (0%)

Flash 1 (3%) 0 (0%)
Burn source

Hot beverage 10 (27%) 14 (40%)

Water from kettle/saucepan/tap 7 (19%) 10 (29%)

Noodles 7 (19%) 3 (9%)

Food (other) 1 (3%) 1 (3%)

Stove/oven/barbeque 4 (11%) 3 (9%)

Lighter 2 (5%) 0 (0%)

Hair straightener/curling iron 1 (3%) 2 (6%)

Fireplace/sun heated metal 2 (5%) 2 (6%)

Hot oil/wax 2 (5%) 0 (0%)

Aerosol can explosion 1 (3%) 0 (0%)
Burn TBSA percentage 2(1-4) 2(1-4)
Burn depth

Superficial partial thickness 30 (81%) 24 (69%)

Deep dermal partial thickness 7 (19%) 11 (31%)
Burn wound perfusion TN=48 TN =43

LDI Mean PU 696 (293) 679 (276)

LDI Minimum PU 144 (143) 110 (104)

12
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; Anatomical region affected

i Upper limb and/or hand 19 (51%) 20 (57%)
5 Lower limb and/or foot 11 (30%) 10 (29%)
? Chest, abdomen, and/or back 12 (32%) 13 (37%)
g Head, face, and/or neck 8 (22%) 10 (29%)
10 Buttocks, perineum, and/or genitals 5 (14%) 2 (6%)
1; Number of anatomical regions affected

1 Z | 24 (65%) 21 (60%)
15 2 8 (22%) 9 (26%)
1? 3 5 (14%) 4 (11%)
12 4 0 (0%) 1 (3%)
20 Required medication in the ED

;; Paracetamol 32 (86%) 33 (94%)
23 Ibuprofen 26 (70%) 28 (80%)
;g Oxycodone 21 (57%) 21 (60%)
;g Fentanyl 28 (76%) 27 (77%)
28 Nitrous 4 (11%) 4 (11%)
;g Ketamine 1 (3%) 1 (3%)
:; Methoxyflurane 2 (5%) 1 (3%)
33 Morphine 1 (3%) 0 (0%)
2‘5‘ Midazolam 1 (3%) 0 (0%)
36 Polypharmacy

:; 0 1 (3%) 0 (0%)
23 1 4 (11%) 3 (9%)
41 2 4 (11%) 4 (11%)
fé 3 14 (38%) 12 (34%)
44 4 10 (27%) 12 (34%)
22 5 2 (5%) 4 (11%)
j; 6 2 (5%) 0 (0%)
49 Distraction Techniques

g? Nil 13 (35%) 9 (26%)
g; Lollies/food 1 (3%) 4(11%)
54 Sleeping 2 (5%) 1 (3%)
gg Television/phone distraction 15 (41%) 11 31%)
;73 Bubbles/toys 5 (14%) 7 (20%)
59 Music therapy/clown doctors 1 (3%) 2 (6%)
60 Ditto™ distraction device 0 (0%) 1 (3%)
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Definitive dressings applied in ED
Acticoat™ 3 + Mepitel™ + Hypafix®
Acticoat™ 7 + Mepitel™ + Hypafix®
Mepilex Ag™ + Hypafix®
Paraffin wax

Time (minutes) to ED presentation

Time (minutes) spent in ED

Time (minutes) dressing was applied to burn
Documented first aid (20 minutes CRW)
QAS applied Burnaid®

QAS applied PVC film

High pain risk stratum

13 (35%)

7 (19%)

16 (43%)

1 (3%)
N=36

90 (66 — 137)
106.5 (66 — 151)
34 (22-61)
36 (97%)

11 (30%)

8 (22%)

8 (22%)

10 (29%)

8 (23%)

16 (46%)

1 (3%)
N=34

79 (60 — 119)
113 (76 — 180)
35 (5-150)
34 (97%)

7 (20%)

11 (31%)

9 (26%)

Data are presented as median (IQR) for continuous measures, and N (%) for categorical measures unless stated otherwise. T As a

result of patients having multiple burns to different anatomical regions, LDI scans were taken of 91 burn wounds from 58 patients: n =

48 burns for the intervention group and # = 43 wounds for the control. N = number of participants; ED = emergency department;

CRW = cold running water; QAS = Queensland ambulance service; TBSA = total body surface area; LDI = laser Doppler imaging;

PU = perfusion units; PVC = plasticized polyvinylchloride.

No adverse events occurred in the intervention or control group, and no baseline population differences were

identified. Throughout data collection, no children in the 4 — 8 age group reported having trouble self-

reporting their pain to the investigator using the FPS — R. Data were collected for dressing changes four (n =

8), five (n=4), six (n=1), seven (n = 1), eight (n = 1), nine (n = 1) and ten (n = 1) for patients requiring

multiple dressing changes, but were not included in the analysis due to low numbers of participants in the

trial requiring more than four dressings.

Successful LDI scans were completed for 58 out of the 72 participants during their first burn dressing change.

The revised standard scale of 0 — 1000 PU was used to measure burn depth from LDI scans. In accordance

with previous studies, 0 — 250 PU indicated full thickness injuries, 250 — 625 PU represented deep dermal

partial thickness burns, and >625 PU corresponded to superficial partial thickness burns [39]. T-tests

revealed no significant difference in LDI scores between the intervention or control group for mean

perfusion, p = 0.79. In addition, no difference in minimum LDI scores were found between the intervention

or control group, p = 0.20. Mean PUs for both groups were greater than or equal to 625 PU indicating

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 17 of 44 BMJ Open

oNOYTULT D WN =

superficial partial thickness burn injuries. These values support clinical judgement from the treating surgical

consultants for burn depth assessment (see Table 1.)

3.2 Primary outcome

Acute pain scores collected in the ED before and after the application of the randomised dressing (T1 and
T2), and before and after definitive dressing application (T3 and T4), are reported in Table 2 for the two
groups. No significant between-group differences in pain scores (assessed using the FLACC scale from
nursing staff) were found between paediatric patients who received Burnaid® dressings and those who
received PVC film as an acute burn dressing in the ED following initial presentation to the QCH and CRW
first aid. No significant group differences in FLACC scores were found post-randomised dressing application
(Mean Difference: -0.1, 95% CI: -0.7 to 0.5, p = 0.72), pre-definitive dressing application (Mean Difference:
-0.3,95% CI: -1 to 0.5, p = 0.51), or post-definitive dressing application (Mean Difference: 0, 95% CI: -0.8

t0 0.9, p = 0.92).
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Table 2. Acute pain scores in the ED

Pain scale Time point N Intervention N Control Adjusted 95% CI p value
Mean (SD) Mean (SD) gef?:rence
FLACC Tl 35 1.2(2.1) 23 0.7 (1.4) - - -
(0—10scale) T2 36 0.4 (1.0) 35 0.4 (0.7) -0.1 -0.7t0 0.5 0.72
T3 36 0.4(1.2) 34 0.6 (1.6) -0.3 -1t0 0.5 0.51
T4 35 0.8 (1.7) 33 0.7 (1.5) 0 -08t009 0.92
Peak Pain 36 3424 34 3.9(2.8) 0.6 1.7t0 0.5  0.29
VAS Tl 9 38 (29) 2 20 (14) - - -
(0 — 100) T2 10 20 (22) 4 28 (36) 14 37109 0.22
T3 11 16 (21) 5 8 (18) 4 -18 to 26 0.74
T4 7 31 (25 4 25 (44) -1 -31to 29 0.96
FPS—R T1 9 3337 7 3.6 (2.6) - - -
(0-10) T2 10 28(4.2) 8 2.4(3.0) 0.3 -1.7t022  0.78
T3 11 1.5(3.3) 11 1.3(3.1) 0.6 -1.8t029 0.64
T4 10 2.9 (3.5) 10 3.04.1) 0.1 -3.1to3.3  0.96
VAS Tl 34 32(28) 22 30 (21) - - -
Observer T2 34 22(24) 31 21 (19) 1 8to 11 0.78
(0-100) T3 35 18 (20) 34 18 (25) 0 -11to 11 0.96
T4 33 24 (25) 32 18 (26) 6 -7to 18 0.36

* Adjusted Mean Difference = Intervention Group — Control Group. FLACC = face, legs, activity, cry, consolability; VAS = visual
analogue scale; FPS-R = faces pain scale revised; SD = standard deviation; CI = confidence interval; T1 = pre-randomised dressing
application; T2 = post-randomised dressing application; T3 = pre-definitive dressing application; T4 = post-definitive dressing

application.

3.2.1 Ancillary Pain Measures

3.2.1.1. Parent and Caregiver Pain Scores (Observer VAS)

There were no significant differences in pain scores between the control and intervention group for
observational pain ratings from parents and caregivers assessed using the VAS Observer in the ED. No
significant between-group differences in VAS Observer pain scores were found between the intervention and
control groups for post-randomised dressing application (Mean Difference: 1, 95% CI: -8 to 11, p = 0.78),
pre-definitive dressing application (Mean Difference: 0, 95% CI: -11 to 11, p = 0.96), or post-definitive

dressing application (Mean Difference: 6, 95% CI: -7 to 18, p = 0.36) time points.
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3.2.1.2 Child reported pain (FPS-R and VAS)

Child self-report pain scores measured using the FPS-R and VAS showed no significant between-group
differences. Self-report FPS-R scores assessed post-dressing application (Mean Difference: 0.3, 95% CI: -1.7
to 2.2, p = 0.78), pre-definitive application (Mean Difference: 0.6, 95% CI: -1.8 to 2.9, p = 0.64), and post-
definitive dressing application (Mean Difference: 0.1, 95% CI: -3.1 to 3.3, p = 0.96) showed no significant
group differences. As burn injuries often affect infants and children under the age of five, a small number of
children recruited into the trial were aged over eight. The VAS for Pain is designed for children aged eight
years and older. As a consequence of the median patient age, low numbers of participants were able to use
this self-report pain scale and therefore limited statistical tests that could be performed. Median self-report
VAS scores are presented in Table 2 but should be interpreted with consideration of this sample size

limitation.

3.3 Secondary outcomes

3.3.1 Physiological measures

No significant difference in mean pulse rate (Mean Difference: -3, 95% CI: -11 to 5, p = 0.41) or temperature
(Mean Difference: 0.6, 95% CI: -0.13 to 0.24, p = 0.53) was detected between intervention and control

groups following the application of the randomised dressings in the ED (see Table 3).
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Table 3. Physiological measures in the ED

Measure Time point N Intervention N Control Adjusted Mean  95% CI p value
Difference
Mean (SD) Mean (SD)
Pulse Tl 34 111 27) 24 112 (20) - - -
(Beats/minute) T2 34 104 (26) 32 109 (21) -3 ‘11t05 0.41
T3 33 105 (26) 32 113 (21) -8 -16to 1 0.07
T4 29 109 (25) 31 113 (24) -3 -12t0 6 0.52
Temperature Tl 35 36.34 25 36.42 - - -
(° Celsius) T2 36 36.42 33 36.36 0.6 -0.13 t0 0.24 0.53
T3 36 36.43 33 36.33 0.12 -0.12 t0 0.37 0.33
T4 34 36.44 33 36.32 0.14 -0.14 t0 0.40 0.29
Alpha-amylase fMean (x/SD) fMean (x/SD)  tRatio of Means  95% CI
(units/mL) T1 19 48 (x/2) 8 46 (%/3) - - -
T2 26 54 (x/3) 20 37 (x/2) 1.53 0.93 to 2.53 0.10

SD = standard deviation; CI = confidence interval; mL = millilitre; T1 = pre-randomised dressing application; T2 = post-randomised
dressing application; T3 = pre-definitive dressing application; T4 = post-definitive dressing application. * Adjusted Mean Difference
= Intervention Group — Control Group. T Alpha-amylase data reported as geometric mean, geometric standard deviation, and ratio of
geometric means.

3.3.2 Re-epithelialisation

Median (IQR) time to re-epithelialisation for the intervention group was 9 days (6.25 — 10.75) and 9 days
(7.5 — 14) for the control group. Clinical assessment from treating surgeons showed no significant between-
group differences in time to 95% re-epithelialisation, with a median difference (95% CI) equal to -1 (-3 to 1),
p = 0.26. With regards to the blinded assessment of burn wound images, exact agreement between the
treating surgical consultants and blinded review panel was used to examine agreement between health
professionals measuring time to re-epithelialisation [40]. Agreement on evaluation of re-epithelialisation was
found to be good (69% agreement) between the three expert reviewers and the treating surgeons (see

Appendix A for additional agreement data).

3.3.3 Biochemical stress markers
No significant difference in sAA was found between the intervention and control group following the

application of the randomised dressing during acute care in the ED (see Table 3). Children who received
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Burnaid® dressings did not show a reduction in the biochemical stress marker in comparison to paediatric
patients who received PVC film (Geometric Mean Ratio: 1.53, 95% CI = 0.93 to 2.53, p = 0.10). Levels of
SAA collected in the waiting room during dressing changes one (Geometric Mean Ratio: 1, 95% CI = 0.65 —
1.56, p = 0.97) and two (Geometric Mean Ratio: 1.14, 95% CI = 0.48 — 2.71, p = 0.75) showed no significant
differences between children who received Burnaid® dressings in the ED and those who received PVC film

(see Appendix B).

3.3.4 Pain at first, second, and third dressing changes

Pain scores assessed in the Burns Outpatient Department during follow up dressing changes one to three are
reported in Appendix C for the two treatment groups. No statistical differences in observational or child self-
report follow up pain scores were found between children who received Burnaid® dressings and those who
received PVC film during acute care. Temperature and pulse rate assessed during follow up dressing changes
(as physiological indicators of pain) also showed no significant group differences over dressing changes one

to three (see Appendix B for physiological data).

3.3.5 Staff and caregiver perspectives on dressings

Dressing satisfaction from clinical staff, in addition to parents and caregivers, assessed in the ED during
acute care is presented in Appendix D. No significant differences in ease of dressing application, removal,
flexibility, or conformity were identified between the two groups from ED nursing staff. Parents are
caregivers reported higher satisfaction scores for ease of dressing application for children who received
Burnaid dressings, in comparison to those who received PVC film (p = 0.013). Parent/caregiver satisfaction
scores were also higher for ease of dressing removal within the Burnaid arm, in comparison to the control
arm (p = 0.045). Furthermore, parents and caregivers reported higher satisfaction scores for ease of
movement for children who received Burnaid, in comparison to paediatric patients who received PVC film in
the ED (p = 0.047). Last, no significant differences in perceived patient comfort were identified between the

two groups from parents and caregivers using the 0 — 10 NRS.
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4. Discussion

There has been an emergence of research demonstrating the importance of acute pain control in traumatic
injuries, emphasising the association between untreated pain and maladaptive outcomes such as: prolonged
wound healing [4, 5], long-term emotional disorders [6, 7], and chronic pain conditions [8, 9]. Pain is a chief
complaint for patients with burn injuries in the acute setting [41, 42]. Therefore, prehospital and acute care
providers have a crucial role in recognising and reducing the burden of pain for these patients. Reducing
acute pain is of particular importance for paediatric burn patients who often have to undergo numerous
painful and distressing medical procedures during their care. The better pain and distress are managed during
a child’s first visit to the ED for burn wound treatment— the lower the child’s chances are of developing
anticipatory anxiety and avoidance behaviours for future medical procedures [43]. Effective non-
pharmacological interventions for the management of acute burn pain are needed to supplement
pharmacological methods of pain reduction in paediatric patients [36, 44]. We were pleasantly reassured to
find most burn patients presenting to our ED had mild to no pain. Because of this, examining the
effectiveness of acute burn dressings on reducing acute pain score was restricted — and results from this
prospective RCT should be interpreted with the acknowledgement of this limitation. At present, there are no
high level trials supporting the use of Burnaid® hydrogel dressings for acute burn management. The aim of
this trial was to fill this gap in the literature, and examine the effectiveness of Burnaid® dressings on
reducing acute pain scores in children with thermal burns. To the best of our knowledge, this is the first
prospective RCT conducted in a paediatric burn population examining the analgesic properties of a hydrogel

burn dressing in an ED setting.

Results from this prospective RCT should be interpreted with consideration of several limitations. First, very
few participants had moderate to severe pain scores following their initial presentation to the QCH prior to
recruitment into the trial - see Appendix E for complete pain score frequencies. More than 60% of paediatric
burn patients received observational pain scores of zero (out of ten using the FLACC pain scale) from ED
nursing staff. Moreover, an additional 19% of children received pain ratings equal to one (using the ten-point
scale) following initial presentation to the ED. A significant effect of the intervention on reducing acute burn
pain might not have been identified in this trial because pain scores were so low following patient’s first

presentation to hospital for their burn. Second, prehospital and referral services in Queensland acted to
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provide comprehensive pharmacotherapies for pain management to paediatric patients with thermal burns
during transportation to the QCH. So much so that pain scores might have been too low to observe a
significant reduction following application of the intervention or control. A large proportion (78%) of patients
enrolled in the trial received three or more medication classes during their acute burn care — the most common

combination being paracetamol, ibuprofen, fentanyl for both groups (see Table 1).

The third limitation also relates to prehospital care, and includes the use of different acute burn dressings
during patient transport to hospital, prior to randomisation and enrolment in the trial. As this was a pragmatic
trial aiming to simulate real-world clinical scenarios within the ED, the application of prehospital acute burn
dressings was not an exclusion criterion for participation. However, this meant that some participants
received PVC film or Burnaid® prior to presenting to the QCH, which may have had confounding effects.
Furthermore, sixteen participants (n = 4 intervention and n = 12 control) did not keep their randomised
dressings on for the required 20-minute duration. Two main factors challenged dressing adherence during
acute data collection in the ED — excessive wound exudate beneath the PVC film causing the dressings to
slip off participant’s burns, and a number of paediatric patients pulling at and removing their own dressings.
Fidelity in these instances was compromised, and is a limitation of the current trial. Fourth, where paediatric
burn patients received their first aid cooling (i.e. on-scene with paramedics, at home in the shower, or within
the ED) was not delineated in the dataset — and this is acknowledged as a significant limitation. In addition,
whilst all administered analgesia was documented for participants, where this analgesia was administered

was also not delineated in the dataset. This is further acknowledged as a significant research limitation.

The last limitation relates to potential moderating effects. Non-pharmacological interventions such as
distraction are commonplace during paediatric medical procedures. Almost 70% of all participants received
additional distraction techniques during their acute burn treatment in the ED such as video distraction using
mobile phones and television, clown doctors, music therapists, bubbles, toys, and lollies (see Table ). These
non-pharmacological interventions were also left in place to simulate a real-world pragmatic trial, however
could have moderated the effect of the intervention. An effect of the intervention on reducing acute pain
scores might not have been detected due to the low pain scored at initial presentation, analgesia on-board at
the time of recruitment, or other confounding factors such as the application of prehospital burn dressings

prior to enrolment in the trial. It is therefore recommended that this research be replicated in the prehospital
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setting — where acute pain scores are anticipated to be higher and the application of prehospital burn dressings

and analgesia can be better controlled.

5. Conclusion

It was predicted that Burnaid® dressings would provide superior analgesia for paediatric burn patients when
applied as an adjunct to CRW first aid, in comparison to PVC film (current standard practice). However, the
effect of the intervention on reducing acute pain scores was not supported in this investigation and we were
unable to show a clinically relevant treatment effect caused by the intervention — Burnaid® hydrogel
dressings. Results from this RCT found no significant between-group differences in observational pain
scores assessed using the FLACC pain scale from ED nursing staff — the primary outcome of the trial.
Moreover, no significant group-differences in parent/caregiver pain scores or child self-report pain scores
were identified during acute care in the ED or follow up wound care in the Burns OPD. The effect of the
intervention on additional outcomes including, time to re-epithelialisation, stress, temperature, heart rate, and
need for analgesic medication was also not supported. Ease of dressing application and removal, in addition
to ease of patient movement whilst dressings were applied, were higher for the Burnaid® group in accordance
with parent and caregiver ratings. Dressing satisfaction measures from clinical staff within the ED found no
significant differences between patients who received Burnaid® and those who received PVC film.
Moreover, no difference in perceived comfort ratings from parents and caregivers were identified between

the two groups.

As aforementioned, results from this prospective trial should be interpreted with consideration of several
limitations including low pain scores following initial patient presentation, analgesia on-board at the time of
recruitment, and pragmatic issues with dressing compliance. Additional research is still required to examine
the effectiveness of different acute burn dressings as analgesic adjuncts to running water first aid. Research
investigating adjunctive methods of pain control for children with burns holds great translational value. It
was predicted that an acute burn dressing with additional cooling and evaporative properties would provide
superior pain relief for children with thermal burns, in comparison to PVC film. This was not supported, and
Burnaid® dressings do not appear to provide superior pain relief in comparison to PVC film when applied as

an acute burn dressing following first aid and initial presentation to the ED.
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Figure Legend

Figure 1. Consort flow diagram

Figure 2. Pain assessment timepoints during acute and follow up care
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Figure 1. Consort Flow Diagram
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Appendix A. Exact agreement between clinicians assessing time to re-epithelialization: Treating surgical

consultant versus blinded expert panel

BMJ Open
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Clinicians

Agreement between Clinicians

Consultant and Reviewer 1

Consultant and Reviewer 2

Consultant and Reviewer 3

Reviewer 1 and Reviewer 2

Reviewer 1 and Reviewer 3

Reviewer 2 and Reviewer 3

64%

64%

69%

71%

71%

75%
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Appendix B. Physiological measures at follow up dressing changes

Measure Time point Intervention Control Adjusted Mean p value
Mean (SD) Mean (SD) Difference (95% CI)
Pulse rate 1% Dressing Change
(beats/minute) T1 104.1 21.7) 109.9 (19.0) 6(-17105) 0.29
T 100.4 (23.6) 104.9 (17.4) 4 (-17t0 8) 0.47
T3 98.3 (25.8) 104.9 (15.3) 7 (200 7) 0.33
T4 99.3 (24.1) 109.6 (19.68) -10 (24— 3) 0.13
2" Dressing Change
Tl 1042 (21.4) 119.1 22.7) -15 (=30 to 0) 0.05
T2 100.9 (20.9) 109.9 (23.0) 9 (25t07) 0.25
T3 95.7 (20.5) 104.0 (20.6) -8 (29 t0 12) 0.41
T4 95.7 (21.5) 104.3 (19.9) -9 (-33 o 16) 0.45
3" Dressing Change
Tl 108 (12.2) 111.3 (27.8) 3(-33 to 16) 0.81
T 98.4 (19.9) 103.9 (18.8) -6 (33 0 16) 0.60
T3 953 (24.2) 94.8 (19.0) 1 (-33 0 16) 0.97
T4 96.3 (31.1) 102.0 (28.3) -9 (33 to 16) 0.81
Temperature 1% Dressing Change
(© Celsius) Tl 36.1 (0.4) 36.0 (0.4) 0.05(-0.17t0 0.26)  0.66
T 36.3 (0.6) 362 (0.5) 0.05(-023t0033)  0.71
3 362 (0.4) 36.2 (0.5) 0.05(-029100.19)  0.66
T4 362 (0.4) 363 (0.5) 0.03 (02910 0.22)  0.81
2" Dressing Change
T1 35.9 (0.4) 35.9 (0.4) 0.02(-021t0025)  0.85
T2 362 (0.4) 36.3 (0.5) 0.08 (03510 0.25)  0.57
T3 36.3 (0.4) 36.3 (0.4) 0.02 (0370 0.25) 0.9
T4 362 (0.4) 36.3 (0.3) -0.16 (-0.43 10 0.25) 0.3
3" Dressing Change
Tl 362 (0.9) 36.1 (0.4) 0.19 (0440 0.83)  0.53
) 36.6 (0.6) 36.4 (0.3) 0.18 (-027t00.63) 0.4
T3 36.8 (0.4) 362 (0.3) 0.52(-0.02t0 1.06)  0.06
T4 36.9 (0.5) 36.4(0.2) 0.5 (-0.02 to 1.02) 0.06
Salivary o-amylase 1% Dressing Change TMean (x/SD) TMean (x/SD)
(U/mL) Tl 39 (24 - 70) 43 (23 - 65) 1.00 (0.65 to 1.56) 0.97
2" Dressing Change
Tl 43 (17— 106) 28 (14— 77) 1.14 (0.48 to0 2.71) 0.75
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SD = standard deviation; CI = confidence interval. U/mL = units per milliliter; T1 = timepoint 1; T2 = timepoint 2; T3 =

timepoint 3; T4 = timepoint 4. * Adjusted Mean Difference = Intervention Group — Control Group.
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Appendix C. Pain at dressing changes one, two, and three

BMJ Open

Pain Assessment Timepoint N (Intervention)  Intervention N (Control)  Control Adjusted Mean p value
Mean (SD) Mean (SD) Difference (95% CI)
Nurse: FLACC (0 -10)
1% Dressing Change
Tl 36 0.0 (0.0) 33 0.0(0.2) 0.0 (-0.1 to 0) 0.3
T2 34 1.3(1.7) 31 1.1(1.6) 0.2 (0.7 to 1.0) 0.69
T3 28 0.1(0.3) 29 0.1(0.4) 0.0(-0.21t0 0.2) 0.73
T4 28 0.4 (0.9) 28 0.2 (0.5) 0.2 (-0.2 t0 0.6) 0.36
Peak FLACC 34 2.1(1.9) 31 1.7 (1.5) 0.3(-0.5t0 1.2) 0.41
2" Dressing Change
Tl 26 0.0 (0.0) 28 0.0 (0.0) 0.0 (0.0) -
T2 24 1.1(1.7) 27 0.6 (1.3) 0.5(-0.4to0 1.3) 0.25
T3 12 0.0 (0.0) 16 0.5 (1.5) 0.5 (-1.4 t0 0.4) 0.28
T4 12 0.2(0.4) 14 0.3 (0.7) -0.1 (-0.6 t0 0.4) 0.62
Peak FLACC 24 1.6 (1.8) 27 1.0 (1.6) 0.6 (-0.3 to 1.6) 0.20
3" Dressing Change
T1 7 0.0 (0.0) 14 0.0 (0.0) 0.0 (0.0) -
T2 7 0.1(0.4) 12 0.6 (0.7) -0.4 (-1.0t0 0.1) 0.13
T3 3 0.3 (0.6) 7 0.4 (1.1) 0.1 (-1.7to 1.5) 0.9
T4 3 0.0 (0.0) 7 0.0 (0.0) 0.0 (0.0) -
Peak FLACC 7 1.4 (1.4) 13 0.8 (0.9) 0.6 (-0.5t0 1.7) 0.27
Parent: VAS Observer (0 — 100)
1% Dressing Change
Tl 34 82(18.8) 32 3.4(9.7) 5(-3.0 to 12.0) 0.2
T2 33 31.5(379) 31 18.5(23.8) 13 (-3.0 t0 29.0) 0.11
T3 27 18.9 (28.2) 29 9.7 (17.6) 9 (-3.0 to 22.0) 0.14
T4 27 19.1 (26.7) 28 7.1(20.2) 12 (-1.0 t0 25.0) 0.07
Peak VAS 33 42.1(352) 29 29.5(22.3) 13 (-3.0 t0 28.0) 0.10
2" Dressing Change
Tl 25 44(11.6) 28 1.4 (4.5) 3(-2.0 10 8.0) 0.21
T2 23 14.1(232) 27 9.6 (20.5) 5(-8.0 to 17.0) 0.47
T3 11 77(19.9) 15 2.7 (4.6) 5(-6.0 to 16.0) 0.35
T4 11 1232L1) 13 3.1(8.5) 9 (-4.0 t0 22.0) 0.16
Peak VAS 22 214 (303) 26 13.8 (21.7) 8 (-8.0 to 22.0) 0.32
3" Dressing Change
Tl 7 43 (11.3) 13 2.3(8.3) 2(-7.0to 11.0) 0.66
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T2
T3
T4
Peak VAS

Child: FPS - R

1% Dressing Change
T1
T2
T3
T4

Peak FPS — R

2" Dressing Change
T1
T2
T3
T4

Peak FPS — R

3" Dressing Change
T1
T2
T3
T4

Peak FPS - R
Child: VAS

1% Dressing Change

T1

T2

T3

T4

Peak VAS
2" Dressing Change

T1

T2

T3

T4

Peak VAS
3" Dressing Change

T1

BMJ Open
11.7 (16.0) 11
5.0(7.1) 7
0.0 (0.0) 6
20.0 14.1) 11
0.00 (0.00) 10
2.7 (4.4) 9
2.0 (3.5) 8
0.3 (0.8) 6
2.7(4.1) 7
0.00 (0.00) 6
0.7 (1.6) 5
0.00 (0.00) 3
0.00 (0.00) 3
1.0 (1.7) 8
0.00 (0.00) 3
1.0 (1.4) 3
1.0 (1.4) 2
2.0(2.8) 0
3.0 (1.4) 3
219275 7
457 (41.6) 5
333(37.8) 4
28.0(25.9) 4
52.5 (41) 6
163 (22.0) 5
279 (274) 5
16.0 26.1) 3
120 (17.9) 3
344(313) 7
8.3 (14.4) 2

8.2 (10.8)
8.6 (12.1)
3.3(82)
11.8 (11.7)

0.1(0.3)
2.43.4)

2.3(3.6)
1.0 (1.7)
1.72.1)

1.7 (4.1)
2.0 (4.5)
1.3(2.3)
1.3(2.3)
1.3 (3.5)

3.3(5.8)
3.3(5.8)
0.0 (0.0)

3.3(5.8)

7.1 (15.0)
8.0 (11.0)

30.0 (47.6)
25.0 (50.0)
233 (40.8)

4.0(8.9)
4.0 (8.9)
6.7 (11.5)
0.0 (0.0)
5.7(9.8)

0.0 (0.0)

3 (-10.0 to 17.0)
-4 (-25.0 to 18.0)
-3 (-18.0 to 12.0)
8 (-6.0 t0 23.0)

0.1 (-3t0.1)
0.2 (-3.7t0 4.1)
0.2 (-42103.7)
0.7 (2.3 10 .8)
1.0 (-2.7 to 4.6)

1.7 (-5.8 t0 2.5)
1.3 (-5.7103.1)
-13(-5t02.4)
13 (-5t02.4)
02 (-3.7103.2)

33 (-17 to 10.4)
2.3 (-16.2t0 11.6)
1.0 (-3.3 t0 5.3)

0.3 (-14.2 to 13.6)

15 (-11 to 40)
38 (-5 to 81)
3 (-39 to 65)
3 (-57 to 63)
29 (-19 to 77)

12 (-11 to 35)
24 (-5 to 52)
9 (-31 to 49)
12 (-14 to 38)
29 (2 to 55)

8 (-26 — 43)
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0.60
0.71
0.60
0.24

0.39
0.91
0.89
0.33
0.59

0.39
0.51
0.37
0.37
0.88

0.50
0.63
0.42

0.94

0.23
0.08
0.90
0.91
0.21

0.27
0.09
0.59
0.30
0.04

0.50
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T2 3 267 (252) 2 15.0 (7.1) 12 (-49 t0 73) 0.58
T3 2 5.0(7.1) 2 5.0(7.1) 0 (-30 to 30) >0.99
T4 2 20.0 (28.3) 2 0.0 (0.0) 20 (-66 to 106) 0.42

oNOYTULT D WN =

Peak VAS 2 40.0 (14.1) 2 15.0(7.1)  25(-23t073) 0.15

* Adjusted Mean Difference = Intervention Group — Control Group. FLACC = face, legs, activity, cry, consolability scale;
12 VAS = visual analogue scale; FPS-R = faces pain scale revises; SD = standard deviation; CI = confidence interval; T1 =

14 timepoint 1; T2 = timepoint 2; T3 = timepoint 3; T4 = timepoint 4.
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Appendix D. Staff and caregiver perspectives on dressings

BMJ Open

Page 38 of 44

Assessor Dressing Measure Control (PVC film) Intervention (HBD) p value
N Mean (SD) N Mean (SD)

ED Staff
Ease of dressing application 8 8.00 (1.85) 15 9.53 (0.99) 0.056
Ease of dressing removal 9 9.78 (0.67) 16 9.88 (0.50) 0.709
Flexibility 9 8.22(1.99) 16 9.56 (0.73) 0.082
Conformity 9 7.89 (2.09) 16 8.44 (1.50) 0.500

Parents
Ease of dressing application 16 7.63 (2.66) 24 9.54 (0.88) 0.013
Ease of dressing removal 16 8.62(2.28) 24 9.88 (0.34) 0.045
Comfort 16 8.19 (2.61) 24 8.96 (1.88) 0.318
Ease of movement 16 7.81 (2.59) 24 9.29 (1.30) 0.047

ED = emergency department; PVC = polyvinylchloride film; HBD = hydrogel burn dressing; N = number of

participants; SD = standard deviation
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1

2

3 Appendix E. Pain score frequencies during acute care in the ED

4

5

? Pain Scale and Timepoint Pain Score N (Intervention) Burnaid® N (%) N (Control)  Plastic Wrap N (%)

8 FLACC (0 - 10 scale) n =235 n=23

?o Tl 0 18 (51%) 16 (70%)

11 1 9 (26%) 3 (13%)

12

13 2 4 (11%) 2 (9%)

14 3 1 (3%) 1 (4%)

15

16 5 1 (3%) 0 (0%)

17 6 1 (3%) 1 (4%)

18

19 10 1 (3%) 0 (0%)

20 T2 n=36 n=35

21

22 0 30 (83%) 26 (74%)

;3 1 1 (3%) 5 (14%)
4

25 2 3 (8%) 4 (11%)

;g 3 1 (3%) 0 (0%)

28 4 1 (3%) 0 (0%)

gg T3 n=36 n=34

31 0 31 (86%) 24 (71%)

;g 1 1 (3%) 5 (15%)

34 2 2 (6%) 4 (12%)

;2 3 1 (3%) 0 (0%)

37 6 1 (3%) 0 (0%)

38

39 9 0 (0%) 1 (3%)

40 T4 n=35 n=33

41

) 0 26 (74%) 24 (73%)

43 1 2 (6%) 2 (6%)

44

45 2 3 (9%) 4 (12%)

46 3 1 3%) 1 (3%)

47

48 4 2 (6%) 1 (3%)

49 7 0 (0%) 1 (3%)

50

51 8 1 (3%) 0 (0%)

gg Peak FLACC n =36 n=34

54 0 5 (14%) 4 (12%)

gg | 3 (8%) 4 (12%)

57 2 7 (19%) 3 (9%)

gg 3 6 (17%) 4 (12%)

60
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4 5 (14%) 7 (21%)
5 2 (6%) 2 (6%)
6 3 (8%) 4 (12%)
7 2 (6%) 1 (3%)
8 3 (8%) 3 (9%)
9 0 (0%) 1 (3%)
10 0 (0%) 1 (3%)
Observer VAS (0 — 100 scale) n =234 n=22

Tl 0 9 (26%) 4 (18%)
10 3 (9%) 3 (14%)
20 4 (12%) 1 (5%)
30 4 (12%) 3 (14%)
40 4 (12%) 6 (27%)
50 0 (0%) 4 (18%)
55 1 (3%) 0 (0%)
60 4 (12%) 0 (0%)
70 3 (9%) 0 (0%)
80 1 (3%) 1 (5%)
100 1 (3%) 0 (0%)

T2 n =234 n=31
0 14 (41%) 10 (32%)
10 1 (3%) 3 (10%)
20 6 (18%) 5 (16%)
25 0 (0%) 1 (3%)
30 4 (12%) 5 (16%)
35 0 (0%) 1 (3%)
40 2 (6%) 2 (6%)
50 1 (3%) 2 (6%)
60 4 (12%) 2 (6%)
70 2 (6%) 0 (0%)

T3 n =235 n =234
0 15 (43%) 14 (41%)
10 2 (6%) 7 (21%)
20 7 (20%) 4 (12%)
30 5 (14%) 3 (9%)
40 1 (3%) 1 (3%)
50 2 (6%) 2 (6%)
60 3 (9%) 1 (3%)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 41 of 44

oNOYTULT D WN =

BMJ Open
80 0 (0%) 1 (3%)
100 0 (0%) 1 (3%)
T4 n=33 n=232
0 12 (36%) 16 (50%)
10 2 (6%) 4 (13%)
20 6 (18%) 5 (16%)
30 4 (12%) 0 (0%)
40 1 (3%) 1 (3%)
50 3 (9%) 2 (6%)
60 4 (12%) 2 (6%)
70 0 (0%) 1 (3%)
100 1 (3%) 1 (3%)
FPS — R (0 — 10 scale) n=9 n="7
T1 0 4 (44%) 1 (14%)
2 0 (0%) 2 (29%)
4 3 (33%) 2 (29%)
5 0 (0%) 1 (14%)
8 1 (11%) 1 (14%)
10 1 (11%) 0 (0%)
T2 n=10 n=9
0 6 (60%) 4 (44%)
2 1 (10%) 2 (22%)
4 0 (0%) 1 (11%)
6 1 (10%) 1 (11%)
8 0 (0%) 1 (11%)
10 2 (20%) 0 (0%)
T3 n=11 n=11
0 8 (73%) 9 (82%)
1 1 (9%) 0 (0%)
4 0 (0%) 1 (9%)
6 1 (9%) 0 (0%)
10 1 (9%) 1 (9%)
T4 n=10 n=10
0 4 (40%) 5 (50%)
1 1 (10%) 0 (0%)
2 1 (10%) 2 (20%)
4 1 (10%) 0 (0%)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

Page 42 of 44

BMJ Open
6 2 (20%) 1 (10%)
10 1 (10%) 2 (20%)
Child Self-report VAS (0 — 100 scale) n=9 n=2
T1 0 2 (22%) 0 (0%)
10 0 (0%) 1 (50%)
20 1 (11%) 0 (0%)
30 1 (11%) 1 (50%)
40 1 (11%) 0 (0%)
50 2 (22%) 0 (0%)
70 1 (11%) 0 (0%)
85 1 (11%) 0 (0%)
T2 n=10 n=4
0 4 (40%) 1 (25%)
10 0 (0%) 1 (25%)
20 3 (30%) 1 (25%)
30 1 (10%) 0 (0%)
50 1 (10%) 0 (0%)
60 1 (10%) 0 (0%)
80 0 (0%) 1 (25%)
T3 n=11 n=>5
0 5 (45%) 4 (80%)
10 1 (9%) 0 (0%)
20 3 (27%) 0 (0%)
40 0 (0%) 1 (20%)
50 1 (9%) 0 (0%)
60 1 (9%) 0 (0%)
T4 n="7 n=4
0 2 (29%) 2 (50%)
10 0 (0%) 1 (25%)
20 1 (14%) 0 (0%)
40 2 (29%) 0 (0%)
55 1 (14%) 0 (0%)
60 1 (14%) 0 (0%)
90 0 (0%) 1 (25%)

N = number of participants; FLACC = face, legs, activity, cry, consolability scale; VAS = visual analogue scale; FPS-R =

faces pain scale revises; Ag = silver dressing; T1 = timepoint 1; T2 = timepoint 2; T3 = timepoint 3; T4 = timepoint 4.
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CONSORT Reporting Checklist for Randomised Trials

Reporting [tem Page Number

Title and Abstract

Title #la  Identification as a randomized trial in the title. 0 (Title Page)

Abstract #1b  Structured summary of trial design, methods, results, and 1-2
conclusions

Introduction

Background and #2a  Scientific background and explanation of rationale 3-4

objectives

Background and #2b  Specific objectives or hypothesis 3-4

objectives

Methods

Trial design #3a  Description of trial design (such as parallel, factorial) 4
including allocation ratio.

Trial design #3b  Important changes to methods after trial commencement 8
(such as eligibility criteria), with reasons

Participants #4a  Eligibility criteria for participants 5

Participants #4b  Settings and locations where the data were collected 4

Interventions #5 The experimental and control interventions for each group 5-7
with sufficient details to allow replication, including how and
when they were actually administered

Outcomes #6a  Completely defined prespecified primary and secondary 7-9
outcome measures, including how and when they were
assessed

Outcomes #6b  Any changes to trial outcomes after the trial commenced, NA
with reasons

Sample size #7a  How sample size was determined. 9
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Sample size

Randomization -

Sequence generation

Randomization -

Sequence generation

Randomization -
Allocation concealment

mechanism

Randomization -

Implementation

Blinding

Blinding

Statistical methods

Statistical methods

Results

Participant flow diagram 13
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When applicable, explanation of any interim analyses and
stopping guidelines

Method used to generate the random allocation sequence.

Type of randomization; details of any restriction (such as

blocking and block size)

Mechanism used to implement the random allocation
sequence (such as sequentially numbered containers),
describing any steps taken to conceal the sequence until

interventions were assigned

Who generated the allocation sequence, who enrolled

participants, and who assigned participants to interventions

If done, who was blinded after assignment to interventions
(for example, participants, care providers, those assessing

outcomes) and how.
If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and

secondary outcomes

Methods for additional analyses, such as subgroup analyses

and adjusted analyses

For each group, the numbers of participants who were
randomly assigned, received intended treatment, and were

analysed for the primary outcome

For each group, losses and exclusions after randomization,

together with reason
Dates defining the periods of recruitment and follow-up
Why the trial ended or was stopped

A table showing baseline demographic and clinical

characteristics for each group

NA

NA

9-10

10

NA

11-13

Page 44 of 44


https://www.goodreports.org/consort/info/#7b
https://www.goodreports.org/consort/info/#8a
https://www.goodreports.org/consort/info/#8b
https://www.goodreports.org/consort/info/#9
https://www.goodreports.org/consort/info/#10
https://www.goodreports.org/consort/info/#11a
https://www.goodreports.org/consort/info/#11b
https://www.goodreports.org/consort/info/#12a
https://www.goodreports.org/consort/info/#12b
https://www.goodreports.org/consort/info/#13a
https://www.goodreports.org/consort/info/#13b
https://www.goodreports.org/consort/info/#14a
https://www.goodreports.org/consort/info/#14b
https://www.goodreports.org/consort/info/#15

Page 45 of 44 BMJ Open

1 Numbers analysed #16  For each group, number of participants (denominator) 11-18
2
3 included in each analysis and whether the analysis was by
4 original assigned groups
5
6
7 Outcomes and estimation #17a  For each primary and secondary outcome, results for each 14-18
g group, and the estimated effect size and its precision (such as
10 95% confidence interval)
1
1; Outcomes and estimation #17b For binary outcomes, presentation of both absolute and NA
14 relative effect sizes is recommended
15
1? Ancillary analyses #18  Results of any other analyses performed, including subgroup 15 - 18
18 analyses and adjusted analyses, distinguishing pre-specified
19
20 from exploratory
21
22 Harms #19  All important harms or unintended effects in each group (For 13
;i specific guidance sce CONSORT for harms)
25
26 Discussion
27
;g Limitations #20  Trial limitations, addressing sources of potential bias, 19
30 imprecision, and, if relevant, multiplicity of analyses
31
g; Interpretation #22  Interpretation consistent with results, balancing benefits and 19-20
34 harms, and considering other relevant evidence
35
26 Registration #23  Registration number and name of trial registry 4
7
38 )
39 Other Information
40
41 Protocol #24  Where the full trial protocol can be accessed, if available 4
42
22 Funding #25  Sources of funding and other support (such as supply of 24
45 drugs), role of funders
46
22 Based on the CONSORT guidelines
49

50  Schulz KF, Altman DG, Moher D, for the CONSORT Group. CONSORT 2010 Statement: updated guidelines for

reporting parallel group randomised trials
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