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ABSTRACT
Introduction Intravenous (IV) insertions are among the 
most performed procedures for children seeking medical 
care; they are often a painful and stressful experience for 
both children and their caregivers. Paediatric distress and 
pain that is inadequately treated may lead to a frightened 
and uncooperative child, repeated IV attempts and overall 
frustration with care for both the family and clinical team. 
We hypothesise that distraction via an immersive virtual 
reality (VR) experience may reduce the associated distress 
for children undergoing IV insertions.
Methods and analysis This two- armed randomised 
controlled superiority trial will be conducted in a Canadian 
paediatric emergency department and will aim to enrol 
80 children overall. Children will be randomised to receive 
either departmental standard of care alone or standard 
of care plus an immersive VR experience. Children 
6–17 years of age who are undergoing IV insertion and 
have topical anaesthetic application will be considered 
for inclusion. Our primary objective is to compare the 
reduction of distress between the two study arms. The 
primary outcome will be the child’s observed distress 
score as measured by the Observational Signs of 
Behavioral Distress- Revised tool. Secondary outcomes 
include the child’s pain intensity and fear, parental anxiety, 
satisfaction with the IV procedure, as well as adverse 
events. Recruitment launched in September 2020 and is 
expected to end in March 2022.
Ethics and dissemination This study has been approved 
by the Health Research Ethics Board (University of 
Alberta). Informed consent will be obtained from parents 
or guardians, and assent from children. Study data will 
be submitted for publication irrespective of results. This 
study is funded through a Women and Children’s Health 
Research Institute Innovation grant. Purchase of the VR 
equipment was facilitated through a Stollery Children’s 
Hospital Foundation small equipment grant.
Trial registration number NCT04291404Cite Now

INTRODUCTION
Needle procedures, including venipunc-
ture and intravenous (IV) placement, 
are described by children as some of the 
most distressing and painful parts of their 

healthcare visit.1–4 Untreated distress and pain 
can lead to a scared and uncooperative child, 
a need for repeated IV attempts, reduced effi-
ciency and overall dissatisfaction with care 
for the patient, family and the healthcare 
team.3 5 6 Unpleasant medical encounters 
in childhood can also shape an individual’s 
perception of healthcare and expectations 
of pain in adulthood.7–9 This can result in 
increased anticipatory anxiety and pain for 
future medical procedures or an avoidance 
of healthcare services, altogether.1 As needle 
procedures form a routine and necessary part 
of care in the emergency department (ED), 
it is an important responsibility of healthcare 
providers to adequately manage children’s 
distress and pain, wherever possible.10 11

The recommended and responsible 
approach to managing children’s procedural 

Strengths and limitations of this study

 ► This randomised controlled trial will assess the 
effectiveness of immersive virtual reality- based 
distraction for the reduction of intravenous insertion- 
related distress in children.

 ► This study measures patient- relevant and family- 
relevant outcomes including child distress, pain, 
fear and safety, as well as parental anxiety and 
satisfaction.

 ► The study team includes parent and patient partners 
as co- investigators who will inform study methods 
and outcomes.

 ► The study intervention will be compared with cur-
rent standard of care; however, since there is no 
consistent standard of care distraction practice, this 
may create some heterogeneity in the comparison 
arm of the study.

 ► Given the nature of the study intervention, it is 
not possible to blind patients, parents/caregivers, 
healthcare providers or outcome assessors; the 
statistician will be blinded to study arms.
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pain incorporates physical, psychological and pharma-
cological components.10–15 While pharmacological inter-
ventions such as topical anaesthetic creams are available, 
their effectiveness is limited to pain, as they do not address 
procedure- related distress and anxiety.10 Distraction 
therapy is a commonly employed psychological strategy 
which involves engaging children in a cognitive task or 
activity to divert attention away from nociceptive stimuli.16 
An effective distractor provides sensory stimulation and 
is highly engaging and age appropriate to fully capture 
the attention of a child.12 16 Previous research has indi-
cated that children who use distraction as an active form 
of coping experience reduced pain and distress during 
painful procedures.12 17 18 Traditional distraction tech-
niques such as music, video, stories, imagery and focused 
breathing have been previously explored for children 
undergoing unpleasant medical procedures and demon-
strated mixed results.19–24 Our team’s recently conducted 
systematic review of digital technologies has suggested 
that digital distraction techniques appear promising, but 
require further study to confirm their utility for painful 
procedures.25

Virtual reality (VR) technology is rapidly emerging as 
a novel distraction tool for children undergoing various 
medical procedures. Unlike traditional distraction tech-
niques, VR uses a combination of visual, auditory and 
tactile stimuli to create the illusion of being fully immersed 
in an artificial three- dimensional (3D) environment.26 
A head- mounted display (or ‘VR goggles’) delivers the 
VR video and audio to the child, and serves to block out 
the view and sounds of the hospital room.14 This further 
removes the patient from the chaos of the treatment 
room and diverts their attention away from surrounding 
painful and anxiety- evoking stimuli. To date, VR distrac-
tion therapy has shown promise for patients undergoing 
a range of distressing healthcare procedures, including 
burn wound cleaning, chest radiography, dental interven-
tions and chemotherapy.27–32 Therapeutic VR has also led 
to improved health outcomes for patients with anxiety 
disorders, phobias, post- traumatic stress disorder and 
eating disorders.33–36

The ED presents unique challenges when attempting to 
distract a child during a painful medical procedure. Due 
to the chaotic, noisy and unpredictable environment, it is 
an ideal place to ‘stress- test’ the ability of VR technology 
to immerse a child into a distracting and ‘safe’ space. 
Rapid advances in VR technology over the last few years, 
and improved cost- effectiveness, offer a unique opportu-
nity to explore its use in the ED setting. A few recently 
published studies from the paediatric ED setting suggest 
that VR has a positive impact on IV insertion- related 
pain and satisfaction,12 14 37–40 although outcomes such 
as distress and adverse effects remain poorly studied.38 
Recent systematic reviews, which have mostly focused 
on non- ED and inpatient settings, have shown that the 
current evidence is inconclusive, sometimes contra-
dictory, and have called for further research in larger 
study groups.41 42 Furthermore, many previous trials use 

proprietary software designed specifically for medical use 
which may limit widespread accessibility to all centres. 
This study will evaluate an ‘off- the- shelf’ device with a 
range of widely accessible software.

This study will evaluate the effectiveness of a VR inter-
vention in reducing IV placement- related distress for chil-
dren 6–17 years old presenting to the ED. We hypothesise 
that the use of immersive VR distraction will reduce chil-
dren’s IV- related distress when compared with standard of 
care and will improve overall satisfaction with the proce-
dure for the patient, family and the healthcare team.

METHODS AND ANALYSIS
This study is a two- armed, randomised controlled supe-
riority trial. The study protocol is reported using the 
Standard Protocol Items : Recommendations for Inter-
ventional Trials- Patient Reported Outcomes (SPIR-
IT- PRO) reporting guidelines43 (see table 1).

Setting and study period
This study will be conducted in the Stollery Children’s 
Hospital (SCH) ED in Edmonton, Alberta, Canada. The 
SCH is a tertiary care hospital whose annual ED census 
is typically approximately 60 000. The 2020 ED census 
for the SCH was reduced to 36 899 due to the COVID- 19 
pandemic. Recruitment launched in September 2020 and 
is expected to end in March 2022. Based on our team’s 
previous experience conducting research in this setting, 
and considering the ongoing pandemic- related consider-
ations, we anticipate 18 months of recruitment to meet 
our overall target of 80 patients.

Eligibility and exclusion criteria
Children will be eligible if they are 6–17 years, require 
an IV placement during their ED visit and have received 
topical anaesthetic cream for their IV placement. This 
age group was chosen as they can reliably self- report pain 
and are expected to benefit from the VR study interven-
tion, based on prior studies.44 Due to ethical and prag-
matic considerations, we insisted that children must be 
receiving topical anaesthetic cream for IV placement to 
be eligible for our study, as it is effective and considered 
standard of care within our hospital.10 Exclusion criteria 
are detailed in table 1.

Study intervention and comparison
The intervention will include the use of an immersive VR 
application that will engage children for the duration of 
the IV procedure. The VR intervention will be provided 
in addition to standard of care. The child will wear the VR 
goggles (Oculus Quest, Oculus, Facebook Technologies; 
see figure 1) and small handheld controllers (optional) 
can be used to interact with the virtual environment 
and change settings. The VR goggles will occlude the 
patient’s view of the treatment room, and a pair of noise- 
cancelling headphones (optional) can be used to block 
out ambient hospital sounds. Together, this will provide 
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Table 1 WHO trial registration dataset

Data category Information

Primary registry and 
trial identifying number

clinicaltrials.gov NCT04291404

Date of registration in 
primary registry

2 March 2020

Secondary identifying 
numbers

University of Alberta Research Ethics Board 
# Pro00095418

Source(s) of monetary 
or material support

Stollery Children’s Hospital Foundation and 
the Women and Children’s Health Research 
Institute Innovation grant

Primary sponsor University of Alberta

Secondary sponsor(s) –

Contact for public 
queries

Dr Samina Ali 780.248.5575 sali@ualberta.
ca

Contact for scientific 
queries

Dr Samina Ali 780.248.5575 sali@ualberta.
ca

Public title The Virtual Reality Trial

Scientific title A randomised controlled trial of virtual 
reality- based distraction for intravenous 
insertion- related distress in children

Countries of 
recruitment

Canada

Health condition(s) or 
problem(s) studied

Intravenous (IV) insertion- related distress

Intervention(s) Addition of distraction via an immersive 
virtual reality experience to departmental 
standard of care during the IV insertion 
procedure

Key inclusion and 
exclusion criteria

To be eligible to participate in this study, 
an individual must meet all of the following 
inclusion criteria: (a) child aged 6–17 
years; (b) requires IV placement; and (c) 
will receive topical anaesthetic cream for 
IV placement. Children meeting any of 
the following criteria will be excluded: (a) 
medically unstable; (b) unconscious or 
not fully alert; (c) visual, auditory cognitive 
or mental health issues precluding safe 
interaction with the VR intervention; (d) 
conditions that could be exacerbated 
by the VR environment, such as current 
symptomatic nausea/vomiting/dizziness/
migraine, or a history of psychosis/
hallucinations/epilepsy; (e) presence of an 
infection/injury which could contaminate 
the VR intervention equipment such as 
open wounds/infections of the head 
and neck area, or suspected/confirmed 
methicillin- resistant Staphylococcus 
aureus colonisation; (f) screens positive for 
‘influenza- like illness’ as per departmental 
screening criteria; (g) language barrier 
precluding the ability to understand and 
complete study assessments, in the 
absence of a native language translator; or 
(h) previous enrolment in this study.

Study type Randomised controlled superiority trial

Date of first enrolment 5 October 2020

Sample size 80

Recruitment status Actively recruiting

Continued

Data category Information

Primary outcome(s) The primary outcome will be the child’s 
total observed distress score during 
the IV procedure as measured on the 
Observational Signs of Behavioral Distress- 
Revised tool.

Key secondary 
outcomes

Secondary outcomes include: (a) the 
child’s self- reported pain score during 
the IV procedure, using an 11- point 0–10 
verbal Numerical Rating Scale); (b) the 
child’s self- reported fear score during the 
IV insertion as measured by the Children’s 
Fear Scale; (c) parental/caregiver anxiety 
associated with the procedure, as assessed 
by the State Trait Anxiety Inventory–State 
Trait Revised Version; (d) satisfaction with 
the procedure for the child, their parent/
caregiver and the nurse inserting the IV, as 
assessed by a 5- point Likert scale; and (e) 
the proportion of children who experience 
adverse events related to the study 
intervention.

Ethics review University of Alberta Research Ethics Board 
# Pro00095418

Completion date –

Summary results –

Individual Participant 
Data (IPD) sharing 
statement

De- identified data can be shared, on a 
case- by- case basis, upon discussion with 
the principal investigator.

Table 1 Continued

Figure 1 Child using virtual reality goggles in the emergency 
department.
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the child with a unique vivid experience of being fully 
immersed or ‘present’ inside the 3D virtual world. The 
child will be presented with one of two VR menu options, 
one for novice users and another for more experienced 
users. The menus will have preselected VR applications 
that are suitable for use during the IV procedure and will 
include a combination of interactive games and immer-
sive 3D movies designed specifically for a VR experience 
(see figure 2). The choice of applications was based on 
consultation with the SCH Youth Advisory Committee 
prior to commencing the study. The shortlisted appli-
cations were then tested by the principal investigators, 
other team members and youth. The research assistant 
(RA), who will be trained in proper equipment use and 
troubleshooting, will help the child with selecting and 
running the VR game/movie. Based on child and nursing 
preference, children may either sit up or lie in a supine 
position for the duration of the procedure. The chosen 
VR games will not require the child to move their torso or 
both arms, to not interfere with the IV placement. The VR 
goggles can be removed at any time during the procedure 

if the child so desires. The game/application selected by 
the child will be recorded on the case report form.

The control group will receive departmental standard 
of care which will include topical anaesthetic cream 
(mandatory for inclusion in the study) and may include 
parent/caregiver support, child life services, nursing 
support, and other support strategies at the discre-
tion of the ED clinical care team and the family. Child 
life services include preprocedural education, distrac-
tion and coaching, intraprocedural presence, and post- 
procedural support and prizes. At present, there is no 
single established distraction therapy or routine that is 
consistently employed for IV procedures within our ED. 
Thus, for pragmatic and ethical considerations, it is felt 
that the new study VR intervention should be compared 
with what is currently already in practice (ie, standard of 
care). Generally, VR technology is not employed by the 
nursing staff for distracting the child. However, other 
forms of technology (ie, smart phones, tablets) will not 
be prohibited in the control group if the family chooses 
to offer them. Use of other devices and distraction tech-
niques will be documented.

Randomisation, allocation concealment and blinding
Randomisation will be determined using an online 
randomisation tool hosted on the REDCap45 (Research 
Electronic Data Capture) platform. Following documen-
tation of informed consent and assent, the RA will obtain 
the computer- generated randomised assignment for the 
child by clicking on the ‘Randomise’ button within the 
study- specific REDCap case report form. Allocation will 
be concealed from the research staff, ED clinical staff and 
the family until this point. However, due to the nature of 
the intervention, it is not possible to maintain blinding 
once the child has been randomised.

Children and their parents/caregivers will be informed 
that the study will evaluate and compare different forms 
of distraction, however they will not be made aware of the 
study hypothesis for the VR intervention. Furthermore, 
the statistician will be blinded to treatment assignment by 
using randomisation codes until data analysis is complete.

Recruitment and data collection
Participant recruitment will occur in the SCH ED when 
RAs are on- site, from approximately 15:00 to 23:00 daily. 
Based on our team’s previous research, this time frame 
corresponds with peak ED volume. RAs will screen the 
electronic ED track board and communicate with on- site 
clinical staff to identify potentially eligible patients. The 
RA will then further assess eligibility based on the inclu-
sion/exclusion criteria detailed above. If the child is 
deemed eligible and the family is willing to participate, 
the RA will obtain written informed consent from the 
parent/ caregiver and assent from the child (see online 
supplemental appendix 1). One parent/caregiver for 
each child will be asked to provide consent and complete 
all relevant study questionnaires.

Figure 2 Virtual reality (VR) game menus.
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Prior to the beginning of the IV procedure, the RA will 
collect baseline information, including: baseline heart 
rate, preprocedure distress, fear and pain scores from the 
child, and preprocedure anxiety score from the parent/
caregiver. The RA will then access the randomisation tool 
on REDCap to reveal the child’s group assignment (VR 
intervention or control).

For the VR intervention group, the RA will set up 
the VR equipment and spend approximately 5–10 min 
explaining the intervention to the child, including proper 
use of the goggles and controller. The RA will then help 
the child put on and secure the goggles and headphones, 
and hand them the controller. They will document the 
time required for equipment set- up as well as any tech-
nical challenges encountered. As per hospital infection- 
control policy, all VR equipment including the goggles, 
headphones and controller will be sanitised with disinfec-
tant wipes between participants. A disposable one- time 
use cover will be placed on the goggles for each partic-
ipant. For all participants (both study arms), the RA will 
begin video recording the child 5 min prior to the start of 
the procedure and continue until 5 min post- procedure, 
to allow for complete coding of Observational Signs of 
Behavioral Distress- Revised (OSBD- R) distress scores at a 
later time.

For all participants (both study arms), the staff nurse 
will insert the IV following institutional protocol. In 
keeping with the pragmatic design of the trial, no addi-
tional or study- specific instructions will be provided 
to either nurses or parents/caregivers regarding their 
behaviour during the procedure. For purposes of the 
study, the start of the IV insertion procedure will be 
marked by the cleaning of the IV site by the staff nurse. 
The end of the procedure will be defined by the last point 
of contact by the staff nurse (ie, taping cannula in place 

with or without arm board, wrapping arm with gauze and 
taping the gauze in place).

During the procedure, the RA will closely monitor 
the child for any adverse effects. The child will also be 
asked to let the team know immediately if they are expe-
riencing any adverse events or discomfort related to the 
VR intervention (ie, dizziness, nausea, headache). The 
VR intervention can be discontinued (ie, the headset can 
be removed) at any time, at the discretion of the child 
or clinical team. If an adverse event were to occur, the 
clinical team will be notified, and details will be logged in 
the REDCap adverse event log. Additionally, the RA will 
make a note of any technical failures or issues associated 
with the VR equipment during enrolment.

Immediately following the first attempt at IV place-
ment (regardless of whether it was successful), the RA 
will collect post- procedure distress, fear and pain scores 
from the child, and post- procedure anxiety score from 
the parent/caregiver. A few minutes after completion of 
the IV placement, satisfaction and acceptability question-
naires will be completed with the child, parent/caregiver 
as well as the staff nurse responsible for inserting the IV. 
Five minutes after the procedure is completed, the RA will 
stop the video recording. The duration of the procedure 
and total number of IV attempts will be documented. If 
the first attempt at placement is unsuccessful, any addi-
tional attempts will occur after all relevant study question-
naires/measurements have been completed.

Demographic information, history and visit details will 
also be collected from the family and the child’s medical 
chart (see figure 3 for study flow schematic).

Outcome measures
Our primary outcome is distress. Our secondary outcomes 
are (a) pain; (b) fear; (c) the parental/caregiver anxiety; 
and (d) parental/caregiver and nurse satisfaction with 
the procedure in the intervention; and (e) safety.

Our primary outcome measure will be the child’s total 
distress score during the IV procedure. Distress associated 
with the procedure will be assessed using the OSBD- R. 
The OSBD- R is a validated scale that is widely used to 
measure pain and distress associated with various medical 
procedures in children.46–48 The tool assesses eight 
specific behaviours that are indicative of distress and are 
weighted according to intensity: information seeking, 
crying, screaming, restraint, verbal resistance, emotional 
support, verbal pain and flailing. Study participants will be 
videotaped for the duration of the IV procedure as well as 
for a few minutes before and after; distress will be scored 
preprocedure, during and post- procedure. Two RAs 
who are trained in the use of the tool will independently 
observe the videotapes and record the frequency of each of 
the eight behaviours during continuous 15- second inter-
vals. To ensure high inter- rater reliability, the first 10% 
of coded videos will be analysed for inter- rater reliability 
and RAs will be provided with feedback and retraining, as 
needed, prior to coding the remaining videos. The mean 
OSBD- R scores between the two RAs will be used as the 

Figure 3 Flow diagram of study procedures. OSBD- R 
coding of videos will be done by RAs post- visit. BARF, Baxter 
Retching Faces; CFS, Children’s Fear Scale; HR, heart rate; 
IV, intravenous; OSBD- R, Observational Scale of Behavioral 
Distress- Revised; RAs, research assistants; STAI- S, State 
Trait Anxiety Inventory–State Scale Revised Version; vNRS, 
verbal Numerical Rating Scale; VR, virtual reality.
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final scores. This standardised procedure for OSBD- R has 
been successfully used in previous research evaluating 
distraction.29 49–52 This scale demonstrates high inter- rater 
reliability as well as moderate to high correlations with 
other behavioural measures of distress.49 53 54

Our principal secondary outcome measure will be the 
child’s pain score during the IV procedure. Pain will be 
measured using an 11- point verbal Numerical Rating 
Scale ranging from 0 (no pain) to 10 (worst possible 
pain). This scale is a commonly used pain measurement 
tool in paediatric acute pain studies and is validated for 
use in children 6–17 years of age.55–58 Pain scores will be 
self- reported by children both before and immediately 
following the IV procedure.

Fear will be measured using the Children’s Fear Scale 
(CFS).4 59 This scale depicts five faces representing 
increasing levels of anxiety, where the leftmost face 
depicts ‘not scared at all’ (score=0) and the rightmost 
face means ‘most scared possible’ (score=4). The CFS is 
an adaptation of the adult Faces Anxiety Scale59 and has 
been validated to measure fear in children undergoing 
painful medical procedures.4 Children will be asked to 
independently rate their fear both before and immedi-
ately following the IV procedure.

Parental/caregiver anxiety will be measured with the 
State Trait Anxiety Inventory–State Scale Revised Version 
(STAI- S, Form Y), a validated and commonly used version 
of STAI, which has improved psychometric properties.60 
Parents/caregivers will be asked to complete the STAI 
questionnaire both before and immediately following the 
IV procedure.

Parent/caregiver and nurse satisfaction with the proce-
dure will be measured using a 5- point Likert scale, ranging 
from 1 ‘very dissatisfied’ to 5 ‘very satisfied’. Child satisfac-
tion with the procedure will be measured using a 5- point 
Likert scale, ranging from 1 ‘not at all happy’ to 5 ‘very 
happy’. Satisfaction scores will be collected immediately 
following the IV procedure.

Safety of the VR intervention will be determined 
by assessing the frequency of adverse events post- 
intervention. Specifically, nausea will be self- rated by chil-
dren immediately following the intervention, using the 
Baxter Retching Faces (BARF) scale.61 This scale consists 
of six faces depicting increasing levels of nausea, with 
assigned scores ranging from 0 to 10. The BARF scale is 
widely used in medical research, and has demonstrated 
construct, content and convergent validity as a tool to 
measure nausea in children.61 The presence of other 
adverse events (ie, dizziness) will also be recorded by the 
RA. Children who are presenting with nausea, vomiting, 
dizziness or migraines prior to enrolment will be excluded 
from the study to avoid exacerbating these conditions 
with the use of the VR equipment.

Sample size
The sample size for the study is 80 patients overall. 
Sample size calculations were conducted using a two- 
tailed, two- sample Mann- Whitney test for the primary 

outcome of observed behavioural distress based on data 
from the team’s previous trial of digital distraction. To 
detect a large effect size of 0.6 on the OSBD- R (which was 
observed in a previous trial), given a type I error of 0.05% 
and 80% power, the study will require 35 patients for each 
of the two study arms. To account for attrition and tech-
nical recording failures, the team will plan to over- recruit 
by 10%–15%, for an overall total of 80 patients. This will 
allow sufficient power to find a difference in the primary 
outcome if a difference truly exists.

Statistical methods
Statistical analyses will be conducted using statistical soft-
ware SAS (V.9; SAS Institute). The significance level will 
be set at 0.05. Baseline variables will be described using 
appropriate summary statistics for each group. Imbal-
ances between groups for key baseline variables will 
indicate the need for further adjusted analyses. For the 
primary outcome of observed behavioural distress, total 
OSBD- R scores will be compared between the two groups 
using independent samples t- tests if they are normally 
distributed or Mann- Whitney U tests if they are skewed 
(the Sidak correction procedure will be used to reduce 
the probability of a type I error). Additional model- based 
analyses (multiple linear regression) will be conducted, 
as needed, with behavioural distress as the response 
variable, preprocedure behavioural distress and group 
indicators as the explanatory variables along with some 
possible effect modifiers such as age, sex and parental/
caregiver anxiety levels. Our primary analysis will be 
based on an intention- to- treat approach where all chil-
dren who were randomly assigned to a study group will 
be included in the group to which they were randomised. 
Where cell sizes are small or data are sparse or missing, 
proxy information or appropriate imputation methods 
will be used as needed. Similar approaches will be used to 
compare the groups with respect to secondary outcomes 
if appropriate.

Patient and public involvement
The team’s parent advisor (KS) has provided ongoing 
input on the study protocol and design, and has provided 
valuable feedback on the content, flow and readability 
of the consent forms and data collection forms. The 
Stollery Youth Advisory Council, led by team member AP, 
provided input on the study design, outcomes measures, 
and types of VR applications that might be engaging and 
practical for our study population. AP also reviewed the 
study protocol and related documents to ensure that the 
outcomes and tools were patient relevant and age appro-
priate. Following recruitment completion, parent and 
youth advisors will be further engaged to discuss study 
results and dissemination plans in the context of patient- 
centred and family- centred care.

Data management and confidentiality
Data will be entered into a secure online REDCap45 
database hosted by the Women and Children’s Health 
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Research Institute (WCHRI) (see online supplemental 
appendix 2 for case report form). WCHRI’s REDCap instal-
lation is a validated electronic, web- based data capture 
system housed in a secure data centre at the University 
of Alberta. Data are entered into REDCap through a 
web- based interface using 128- bit SSL encryption. Each 
team member will be granted an individual username/
password and will require additional two- factor authen-
tication to log in. All datasets used for statistical analysis 
will be encrypted and devoid of any patient identifiers. 
For internal data quality control, a secure master list will 
be maintained to accurately link study IDs to the patient’s 
medical record.

Selected data elements will be validated electronically 
throughout the recruitment period and any discrepan-
cies will be assigned to team members for timely reso-
lution. REDCap includes internal quality checks, such 
as automatic range checks, to identify data that appear 
inconsistent, incomplete or inaccurate.

Study data will be entered directly into REDCap in real 
time via research iPads or, in some cases (ie, parent/
caregiver indicates a preference to complete paper- based 
questionnaires), responses may be collected on paper 
first and then transcribed into REDCap by a trained RA. 
All paper documents (including study questionnaires, 
consent/assent forms and the master list) will be stored in 
a locked cabinet in a secure location that is only accessible 
to authorised research staff members. Study videos will be 
stored electronically in a secure institutional shared drive 
with restricted access to study staff. Videos will be saved 
according to their study ID only. The centrally compiled 
dataset will be stored on a secure server and computers 
at the University of Alberta. Following completion of the 
study, all data will continue to be kept in a secure location 
for 5 years as dictated by the research ethics board.

ETHICS AND DISSEMINATION
This study has received approval from the Health Research 
Ethics Board (HREB) at the University of Alberta (HREB 
identifier: Pro00073476). Any amendments to the study 
protocol or documents will be submitted for HREB review 
and will receive approval prior to implementation. Signif-
icant protocol amendments will also be reflected online 
on the  clinicaltrials. gov study registration. This study has 
also received operational approval from the SCH ED.

All children will receive the best possible care for their 
presenting complaint, regardless of whether they choose 
to participate. It is possible that patients in the VR inter-
vention group may experience nausea, mild motion 
sickness or dizziness, however these effects are rare in 
children and adolescents, ranging from 0% to 5%.62 63 VR 
applications have been selected appropriately to minimise 
these discomforts, and children are monitored closely 
throughout the study for any adverse effects. Children 
experiencing nausea, vomiting, dizziness or migraine 
headaches prior to enrolment will be excluded to avoid 
potential exacerbation. Study participation is unlikely 

to prolong the ED length of stay. For infection- control 
purposes, children screening positive for ‘influenza- like 
illness’ (as per ED screening criteria) are excluded to 
prevent potential contamination of the VR equipment.

Due to resource/logistical constraints, study recruit-
ment will be limited to English- speaking families or those 
with their own interpreter, at a single recruiting centre, 
and during RA shift hours only. Critically ill children 
requiring immediate IV insertion will also be excluded to 
avoid delaying medical care. This may limit the generalis-
ability of the study findings. We will not be controlling for 
the type of distraction used in the standard of care arm, 
but we will record what was employed. While this may 
create some heterogeneity in the comparison arm of the 
study, it will be a pragmatic reflection of clinical reality. 
Due to the nature of the intervention, blinding is not 
possible for the participants or the research personnel, 
though the statistician will be blinded to study group.

The study team plans to publish trial results in a high- 
impact, peer- reviewed journal and present results at 
national and international meetings; authorship eligi-
bility will be determined by employing the International 
Committee of Medical Journal Editors’ recommended 
guidelines.64 Statistical code and dataset can be made 
available upon request.
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