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Development and introduction of a
mixed realities playkit: decreasing
the incidence of general anaesthesia

for paediatric MRI

Jill Thompson
Louise Murray

DEFINITIONS

Augmented reality (AR): technology
that superimposes a computer-generated
image on a user’s view of the real world,
thus providing a composite view.'

Virtual reality (VR): simulated three-
dimensional environment that enables
users to explore and interact with a
virtual surrounding in a way that approx-
imates reality, as it is perceived through
the user’s senses. Users may need to wear
devices such as headsets or goggles to
interact with the environment.”

INTRODUCTION

Background

MRI has a wide range of diagnostic
uses in the global paediatric popula-
tion including oncological, neurological
and cardiovascular imaging.” MRI has
emerged as a key imaging modality in
paediatric practice because of the poten-
tial diagnostic advantages of increased
image quality and also due to a reduction
in radiation exposure compared with CT
scanning.” Acquisition of images can take
between 10 and 120 min depending on
the nature of the scan, which necessitates
the patient lying still for a considerable
period of time. Furthermore, the scanner
room is a noisy environment; switching
of gradient fields within the main magnet
creates an acoustic noise of up to 80 deci-
bels, requiring ear defenders to prevent
acoustic injury.* These issues can lead to
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WHAT ARE THE NEW FINDINGS

= An augmented/virtual reality combined
with physical play MRI playkit has been
developed to help reduce the incidence of
general anaesthesia for MRl imaging in
children.

= The playkit uses a mixture of virtual reality
and augmented reality in addition to
physical play in the form of a cardboard
model scanner, which children build with
the help of their families to provide a
focal point for discussions and alleviate
anxiety ahead of an MRI scan with the
aim of helping children to undergo an MRI
without a general anaesthetic.

= The kit allows for familiarisation with the
MRI scanner, opportunities to practise
staying still, preparing for high noise levels
and simulating the entire MRI process
through a series of interactive games
which reduce anxiety levels for patients
and their parents/carers.

HOW MIGHT IT IMPACT ON HEALTHCARE
IN THE FUTURE

= Children and their families report that the
playkit helped them to prepare for the
MRI scan.

= If implemented nationally, the playkit
could create opportunities to improve
patient safety, provide economic savings
in terms of reduced scanning times and
waiting lists for paediatric MRI, as well as
optimising anaesthetic resource
usage.
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problems in certain patient populations, particularly
paediatrics; children often find it difficult to lie still
for long periods and can experience levels of anxiety
which prevent them tolerating the scan. Traditionally,
children have been offered general anaesthesia (GA)
to enable MRI scans; however, recent research and
safety concerns have driven an initiative to reduce the
number of paediatric MRIs performed under GA.

There are also economic implications for the reduc-
tion of GA for MRI: the longest waiting list in radiology
at our hospital, Sheffield Children’s Hospital, is for
MRI scans under GA, and delays in performing scans
lead to delays in diagnosis and treatment for children
and their families, as well as increased usage of scan-
ning time which further impacts the MRI waiting list.
Additionally, a reduction in the requirement of GA for
paediatric MRI reduces the need for an anaesthetist,
enabling their use elsewhere—for example, to help
reduce the backlog in elective surgery waiting lists.

It is widely accepted that play can reduce children’s
anxiety about medical interventions and can reduce
the need for sedation and anaesthesia for certain inter-
ventions/procedures.’ Play in hospital enables children
to be ‘happier, less stressed and fearful’, which in turn
helps them to build resilience and cope with medical
treatment. A literature review by the children’s charity
Starlight found that, through play, children can build
positive associations and memories of treatment and
hospital care that can have a lasting impact on their
engagement with future treatment.’

Concern about paediatric general anaesthesia (GA) for
MRI scans

A Healthcare Safety Investigation Branch (HSIB)
report published in 2020 highlighted the risks involved
in the routine use of GA for paediatric MRI. A child
being treated for growth hormone deficiency, autism
and learning difficulties underwent an MRI under GA
for the investigation of recurrent headaches.® Unfortu-
nately, the child had a sudden unexpected deteriora-
tion during the scan due to the effects of a previously
undetected cardiomyopathy. The child was stabilised
and transferred to the local paediatric intensive care
unit but died 3days later. This event highlighted
national safety risks regarding care pathways, human
factors, awareness and training pertaining to patients
with autism/learning difficulties, as well as consent
and clinical practice guidelines when undertaking MRI
scans under GA.® A working party was convened to
evaluate practices with the aim of developing clearer
guidance on consenting patients for an MRI under GA.

Concerns regarding neurodevelopment after paediatric
GA

Several studies published in the early 2000s exam-
ined animal models of GA, and raised concerns that
exposure to GA in infancy/childhood may cause
adverse neurodevelopmental effects. In a 2003 study,

7-day-old rats were exposed to 6hours of GA using
isoflurane, nitrous oxide and midazolam. Concern-
ingly, the study found evidence of widespread neuronal
apoptosis in brain tissue, and resultant cognitive and
behavioural problems.” Animal models, especially
those in which subjects were exposed to a significantly
prolonged anaesthetic with agents that are no longer
the first choice for the modern anaesthetist, are diffi-
cult to translate to humans. Nevertheless, in 2017 the
US Food and Drug Administration (FDA) released a
warning and issued labels for all GA agents, detailing
concerns over effects on neurodevelopment when used
in babies and children.®

The GAS study is the only randomised trial in humans
published so far to assess the effects of general anaes-
thesia in infancy on neurodevelopment.” The study,
which compared babies undergoing inguinal hernia
repair in infancy under either a regional technique or
a sevoflurane-based GA, reassuringly found no differ-
ence in neurodevelopmental outcomes by the ages of
2 and 5, as assessed by validated development and IQ
assessments by certified clinical child psychologists.”

Evidence is lacking of the effects of having more than
one anaesthetic, or prolonged exposure to GA agents in
infants/young children. However, cohort studies such
as MASK and PANDA have suggested adverse effects
on neurocognitive functioning following multiple
GAs." Introduction of the MRI playkit may there-
fore offer benefits in children who may require more
than one scan in childhood—for example, those with
chronic disease. In the following section we describe
how the playkit was developed and some early accept-
ability testing with children.

PLAYKIT DEVELOPMENT METHODS
Physical play: the MRI scanner

The playkit was developed as a solution to assisting
children aged 4-10 years to undergo MRI scanning
without a GA. It contains a flat-packed cardboard kit
for building into a small toy MRI scanner (figure 1),

Figure 1 Cardboard MRI scanner.
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Figure 2 Augmented reality (AR) mode.

which is deliberately designed to be slightly too diffi-
cult for a child to be able to build alone, thus encour-
aging them to seek the help of a parent/carer. Parent/
carer involvement is important because parental levels
of anxiety often directly affect those of their child.’
The design allows the child to use their own toys,
such as soft toys or small figures, to further explore
the model and encourage further play, storytelling
and creativity to aid familiarity with the scanner and
scanning process.'! Furthermore, because this part is
made of cardboard, it encourages repeated play with
no requirement for independent access to technology;
young children may not have their own smartphone.

Augmented play: undertaking the ‘scan’

A smartphone can be slotted into the side of the card-
board MRI scanner model and the ‘AR’ app is selected.
Children then take on the role of the radiographer,
scanning their toy with the addition of scanning noises
to replicate the MRI experience. After completion of
the ‘scan’, children can swipe through various aspects
of the ‘acquired’ scan images (figure 2). Research
conducted by the team that developed the playkit has
shown that children in the target age group preferred
to see examples of real MRI images rather than an
illustrated/animated version."!

Also included in the playkitis a cardboard VR headset
(age-appropriate) which, along with the app, can allow
children to take part in a virtual walkthrough of the
hospital (figure 3), culminating in them ‘entering’
the MRI scanner itself. This includes four interactive
games to prepare the child for various aspects of their
journey, such as checking in, being weighed, removing
ferromagnetic objects from clothing and staying still
for the scan itself. This latter aspect makes use of the
gyroscope in the mobile phone to play a game which
relies on the child staying still in order to maximise
the number of virtual butterflies settling on a virtual
flower (figure 4)."!

Digital health

Figure 3 Virtual reality (VR) mode: hospital walkthrough.

Research methods

Playkit development coincided with five iterative
stages of research with children and families: (1)
initial concept research with primary school children;
(2) exploring parental perspectives of MRI through a
questionnaire; (3) character design development with
children; (4) user testing with non-patients; and () full
playkit testing with patients (n=13) and their parents/
carers. This final stage comprised interviews under-
taken with children (and their parent/carer) before and
after their MRI scan.

Children were recruited via Sheffield Children’s
Hospital. All children were booked to come for an
MRI scan. Two children had previous experience of
MRI. Children were sent the playkit through the post
a week before their MRI scan. A couple of days after
they had received the playkit, JT or DYR undertook an
online interview with the child and their parent/carer
to discuss their reflections about their upcoming MRI
scan and to hear their thoughts about the playkit. A
follow-up interview was then conducted about a week
after the child had their MRI scan. During this inter-
view, the child and their parent/carer were asked about
their experiences of the MRI and to reflect on what
aspects (if any) of the playkit they had found useful in
preparing them for the MRI.

Online interviews were transcribed and analysed by
JT and DYR using thematic framework analysis."* Full

Figure 4 Virtual reality (VR) mode: interactive game to
practise staying still.
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methods are available.'" We report here on the final
stage interview data.

RESULTS
Findings and benefits for patients and parents/carers

Interview data collected during the final stage of the
research suggested the playkit helped some children
(and their parent/carers) to prepare to undertake an
MRI and also helped to relieve anxiety during the
scan.'! Patients who were interviewed after their scan
said that recalling aspects of the playkit during their
scan helped them to remain calm and still. For some
children, recalling the butterflies landing on the virtual
plant helped them to remain still and remembering the
scan images that the radiographers would be looking at
helped to alleviate anxiety."!

Child: The MRI model did help because it helped me
understand what they were doing, so I was thinking
about that when I was in the scanner, thinking about
what they could actually see.

Parent: She was so much calmer this time. I do think
it really did help actually. She wasn’t half as nervous,
was you. With [name removed] it really helped her
to understand what she was actualy looking at from
seeing the scans. So obviously it did really help,
didn’t it?

Child: Yep. (Participant A5 post-scan)

For other children, the playkit helped prepare them
for what an MRI scanner would look like and the noise
that it would make.

Interviewer: Did it help you know what to expect?
Participant: Yeah, because I knew what the machine
would look like. T just didn’t expect it to be that big!
(Participant CS post-scan)

I thought the one [noise] on the phone was a bit
louder ... the thing that shows how loud it is going
to be, I think it helped me a lot. (Participant A4 post-
scan)

There appeared to be differences across the age spec-
trum in terms of which aspects of the playkit children
found most appealing, with the older children seem-
ingly preferring the VR aspects and the younger chil-
dren drawn to the physical play aspects of the kit and
the AR. Further research may help to explore this.

Findings and recommendations for parents from creating
the MRI playkit

Children use play to make sense of the world around
them, and results from data collected as part of the
development of the MRI playkit suggest that chil-
dren benefit most when their parent/carer is actively
involved in building the kit with them. Because of this,
the playkit was deliberately designed to be slightly too
difficult for a child to build alone. Findings showed
that this opportunity to build the kit together gave
children and parents a key moment to discuss the
upcoming MRI scan and address together any associ-
ated worries."!

It [building the playkit] gets you talking about it and
then we went on to search out some more videos on
YouTube (Parent of participant C3 pre-scan).

I had the chance to discuss it with him. You know,
that’s what’s going to happen. You have to stay still
and it’s going to feel long but it’s all about ... So
yes, that was really good ... because we had zero
knowledge (Parent of participant A4 post-scan)

However, some parents/carers and their children
found the construction of the cardboard kit diffi-
cult, with some reporting that they didn’t manage to
complete the build.

We tried, but T have to say, well we found it
impossible. I don’t know if anyone else has been able
to do it? But his dad tried and gave up and I was like
‘I’m sure I can do this’ and I couldn’t do it. It was
so complicated! (Parent of participant A3 post-scan)

As such, further refinement of the kit and the build
instructions are required to ensure that they are
accessible.

Findings and recommendations for healthcare
professionals

Both children and parents reported that they had
previously felt anxiety about the child having an MRI
because of the unknowns involved. The playkit was
designed to help familiarise the child and parent/
carer with the MRI scanner itself, as well as the loud
noises associated with the scanning process. The chil-
dren studied also suggested that they would like to
have detailed factual information about the MRI scan,
which is an important recommendation for healthcare
professionals who are working with children in these
spaces.

DISCUSSION
The development of the mixed realities MRI playkit
addresses a significant global problem within paedi-
atric anaesthesia and presents an opportunity for a
change in practice to reduce the number of paediatric
GAs and improve efficiency and resource usage within
radiology and anaesthetic departments. Although
evidence is lacking on the harmful effects of repeated
anaesthetics in childhood, cohort studies in humans
have suggested that repeated GAs in children can lead
to adverse neurodevelopmental effects. Given that
around one in 10 children in high-income countries
will need a GA at some point before the age of 3, we
suggest that reducing the GA rate for MRIs presents
a clear benefit, avoiding the requirement of GA for a
non-invasive procedure by alleviating MRI-associated
anxiety. The AR/VR/physical MRI playkit may also
have a compound benefit effect on children requiring
repeated MRI scans; further research is needed to
assess this hypothesis.

Future directions of this novel project may include
a possible extension of this concept to other aspects

4

Thompson J, et al. BMJ Innov 2023;0:1-5. doi:10.1136/bmjinnov-2023-001083

yBLAdoo Aq paroaloid 11sanb Aq £Z0z ‘22 Iudy Uo o lwg suoneAouul/:dny woly papeojumoq 202 JqUWBA0N 2 U0 £80T00-E20Z-Aouullwa/osTT 0T Se paysignd 1sii) :Aouu| CING


http://innovations.bmj.com/

of anaesthetic care—for example, to help prepare
children coming into an admissions unit for elective
surgery, transfer to theatre, intravenous access, induc-
tion, recovery and discharge. This would require
necessary re-purposing of the design of the AR/VR app
and model but holds significant promise for the future.
Following the positive qualitative results of this local
project, we suggest a clinical trial across anaesthetic
departments nationally and internationally, and we
encourage the uptake and rollout of the MRI playkit
on a wider scale.

Twitter Jill Thompson @JillCThompson
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Virtual/augmented reality playkit eases kids’ and parents’ anxieties ahead of MRI scan
Curbing need for sedation could boost patient safety, cut costs and waiting times, suggest researchers

Giving children a virtual/augmented (mixed) reality playkit to use ahead of an MRI (magnetic resonance
imaging) scan seems to ease both their and their parents’ anxieties about this procedure, suggest
preliminary findings published in the open access journal BMJ Innovations.

Reducing the need to put a child to sleep, because of the noise and time required to keep still while in the
MRI tunnel, could not only boost patient safety, but also cut costs and waiting times, suggest the
researchers.

MRI has emerged as an important diagnostic tool in children’s healthcare because of the high quality
images produced and lower radiation exposure than CT (computed tomography) scanning, which is
particularly important for children with long term conditions, they explain.

But the procedure can be lengthy, during which time patients must lie still. And it’s very noisy—up to 80
decibels—requiring the use of protective ear defenders, making it a challenging experience for many
patients, especially children.

As a result, children are offered a general anaesthetic for the scan. But recent research and safety
concerns about the potential impact of anaesthesia on a child’s developing brain have prompted an
initiative to reduce the number of MRI scans carried out under sedation.

It is widely accepted that play can reduce children’s anxiety about medical treatment and procedures, and
with that in mind, the researchers developed a playkit to help 4-10 year olds have an MRI scan without a
general anaesthetic.

They deliberately designed it to require the help of an adult as parental anxiety can directly influence the
level of a child.

The playkit consists of a flat-packed cardboard kit for building into a small toy MRI scanner, into which the
child can place their toy.

A smartphone slotted into the side of the cardboard MRI scanner enables the child to take on the role of
the radiographer, via an augmented reality app. Augmented reality superimposes a computer-generated
image on a user’s view of the real world.

The child can then scan their toy with the addition of scanning noises to replicate the MRI experience.
Afterwards, the child can swipe through various aspects of the real MRI images the radiographer plans to
take.

The kit also includes an age appropriate virtual reality cardboard headset, which, along with the app,
allows the child to walk through the hospital virtually, culminating in him/her entering the MRI scanner
itself.

The walkthrough includes four interactive games to prepare the child for various aspects of their journey,
such as checking in, being weighed, removing magnetic objects from clothing and staying still for the
scan itself.

The development of the playkit was informed by primary school children’s and parental feedback, and
tested on 13 patients and their parents/ carers.



This feedback indicated that the playkit helped some children (and their parents/carers) to prepare for the
MRI scan and that it also helped to relieve anxiety during the scan.

The children said that recalling aspects of the playkit during their scan helped them to remain calm and
still. Others said that the playkit helped prepare them for what an MRI scanner would look like and the
noise that it would make.

Older children seemed to prefer the virtual reality aspects of the kit, while younger children were more
drawn to the physical play and augmented reality aspects.

Both children and parents/carers said that they had previously felt anxious about the prospect of an MRI
scan because of the unknowns involved. And the children suggested that they would like to have detailed
factual information about the MRI scan.

As one child-parent pair found it difficult to build the mini cardboard scanner, the design may need further
refinement, and the playkit would need to be tested on much larger numbers of children both nationally
and internationally, emphasise the researchers.

But they suggest that the kit has the potential to be adapted for use elsewhere: for example, to help
prepare children coming into an admissions unit for planned surgery; during transfer to theatre; and
needling procedures.

“The development of the mixed realities MRI playkit addresses a significant global problem within
paediatric anaesthesia and presents an opportunity for a change in practice to reduce the number of
paediatric [general anaesthesias] and improve efficiency and resource usage within radiology and
anaesthetic departments,” they write.

“The longest waiting list in radiology at our hospital is for MRI scans under [general anaesthesia], and
delays in performing scans lead to delays in diagnosis and treatment for children and their families, as
well as increased usage of scanning time which further impacts the MRI waiting list,” they elaborate.

“Additionally, a reduction in the requirement of [general anaesthesia] for paediatric MRI reduces the need
for an anaesthetist, enabling their use elsewhere—for example, to help reduce the backlog in elective
surgery waiting lists.”
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