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Objectives: We aimed to determine the feasibility of virtual reality (VR)
distraction for children with cancer undergoing subcutaneous port (SCP)
access. We also aimed to estimate preliminary treatment effects of VR
compared with an active distraction control (iPad).

Materials and Methods: A single-site pilot randomized controlled
trial comparing VR to iPad distraction was conducted. Eligible
children and adolescents were aged 8 to 18 years undergoing
treatment for cancer with upcoming SCP needle insertions. Inter-
vention acceptability was evaluated by child, parent, and nurse self-
report. Preliminary effectiveness outcomes included child-reported
pain intensity, distress, and fear. Preliminary effectiveness was
determined using logistic regression models with outcomes com-
pared between groups using preprocedure scores as covariates.

Results: Twenty participants (mean age 12 y) were randomized to
each group. The most common diagnosis was acute lymphocytic
leukemia (n= 23, 58%). Most eligible children and adolescents
(62%) participated, and 1 withdrew after randomization to the iPad
group. Nurses, parents, and children reported the interventions in
both groups to be acceptable, with the VR participants reporting
significantly higher immersion in the distraction environment
(P= 0.0318). Although not statistically significant, more VR group
participants indicated no pain (65% vs. 45%) and no distress (80%
vs. 47%) during the procedure compared with the iPad group. Fear
was similar across groups, with ~60% of the sample indicating
no fear.

Discussion: VR was feasible and acceptable to implement as an
intervention during SCP access. Preliminary effectiveness results
indicate that VR may reduce distress and distress compared with
iPad distraction. These data will inform design of a future full-scale
randomized controlled trial.
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P ain is a frequent and significant problem related to
cancer-directed treatment in children.1,2 Children with

cancer often cite needle procedures as the most distressing
experience caused by cancer and its treatment.2 Specifically,
the insertion of a needle into an subcutaneous port (SCP)
has been shown to be painful, frightening, and distressing to
children, even when the skin is numbed with a topical
anesthetic.3,4

Distraction is a well-established method to decrease
pain and distress in children with cancer during medical
procedures.5 Distraction may reduce both conditioned
(responses to avoid pain) and unconditioned (pain asso-
ciated with the procedure) pain responses by diverting
attention away from the pain-eliciting stimuli.6,7 The
immersive nature of virtual reality (VR) interventions mean
that they may be particularly well-suited to distract children
with cancer during their often repeated exposures to painful
procedures.

Some studies have shown the success of VR in reducing
acute pain (including related to skin-breaking procedures) in
both adults and children.8–10 However, the strength of the
evidence has been limited by study quality. Existing studies
rarely consider the unique circumstances of children with
cancer undergoing repeated painful procedures, and have
not evaluated the most modern and immersive VR
software.11 Our research group recently evaluated the usa-
bility (ease of use and understanding) of a VR platform for
children with cancer and found VR to be safe and easy to
use.12

Our next step and the primary objective of this pilot
randomized controlled trial (RCT) was to determine the
feasibility of implementing a VR intervention for children
and adolescents with cancer undergoing SCP needle inser-
tion. The secondary objective was to estimate preliminary
treatment effects of VR compared with an active distraction
control (iPad). This pilot RCT was designed to inform
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effectiveness testing in a future full-scale RCT. Our criteria
for demonstrating study feasibility were based on previous
studies.13,14 Criteria were: accrual rate of > 70%, retention
rate of > 85%, minimal technical difficulties (ie, reported on
<10% of procedures), minimal missing outcome measures
(ie, <5% per measure), high acceptability based on post-
study questionnaire responses from the child, parent, nurse,
and research assistant (RA), and documented adverse
events.

MATERIALS AND METHODS

Trial Design
A 2-arm pilot RCT was used. Initial trial design and

recruitment included a cross-over design with participants
randomly allocated to receive either the VR intervention or
active control (iPad) during SCP needle insertion. At the
subsequent needle insertion participants would receive the
alternative intervention. Due to logistic challenges outlined
below, the trial was subsequently modified to a parallel
2-arm design with participants randomly allocated to study
group for 1 SCP needle insertion only. The cross-over trial
was registered on clinicaltrials.gov with the identifier
NCT02929771. The study was approved by the locally
responsible Research Ethics Board.

Participants

Eligibility
Children and adolescents were eligible for study par-

ticipation if they were: (1) aged 8 to 18 years; (2) able to
speak and understand English; (3) actively undergoing
treatment for cancer; (4) at least 1 month, but <3 years,
from initial diagnosis; and (5) requiring at least 2 SCP
needle insertions for cancer-related treatment over the fol-
lowing 8 weeks. This last inclusion criterion was removed
once the trial design changed to a parallel design. Partic-
ipating parents needed to be able to speak and understand
English.

Children and adolescents were excluded if they: (1) had
visual, auditory or cognitive impairments precluding interaction
with the intervention (VR) or control (iPad) equipment; (2) had
major comorbid medical or psychiatric conditions (including
needle-phobia) as reported by their health care provider or
parent; (3) were receiving end-of-life care; (4) had a methicillin-
resistant Staphylococcus aureus infection or symptoms of respi-
ratory or gastrointestinal infection as reported by any member
of their health care team which could contaminate the inter-
vention or control equipment; or (5) had participated in the
prior study examining usability of the VR intervention.12

Sample Size
A convenience sample of 40 children and adolescents

with cancer (20 participants per treatment arm) was
recruited. As pilot RCTs are not powered to be hypothesis-
testing trials, formal sample size calculations were not
recommended.15 Instead, sample size was informed by
general recommendations for feasibility trials made by
Hertzog16 which state that samples of 15 per group may be
sufficient for feasibility pilot studies.

Study Setting and Recruitment
Participants were recruited from a large metropolitan

pediatric hematology/oncology outpatient clinic. Potentially
eligible participants were initially approached by a member of

their health care team. If the child and adolescent and parent
expressed interest, a RA explained the study, confirmed eligi-
bility, and obtained written informed consent from the parents
and/or the child or adolescent as appropriate in the clinic
waiting room. For children unable to consent for themselves,
their parents provided informed consent and assent was
obtained from the child or adolescent.

Usual Care
As per the standard of care at the institution, all chil-

dren had adhesive topical local anaesthetic patches placed
over their SCP site one hour before their scheduled needle
insertion. For the SCP needle insertion, children were situ-
ated in front of the nurse in a supine position or sat beside or
on the lap of a parent (according to child preference).

Interventions

VR Headset Distraction
In addition to usual care, participants in the exper-

imental group wore the VR head-mounted display, noise-
cancelling headphones (to deliver sound) and held a wireless
Bluetooth controller (to interact with the VR environment).
The same equipment was previously used by our research
group to evaluate the usability of the VR platform.12 The
VR headset was placed on the participant and they were
given instructions for how to use the controller to interact
with the underwater VR environment. Once the participant
was able to navigate the game, headphones were placed over
their ears. The VR intervention used auditory and visual
stimuli (a game which consisted of aiming rainbow balls at
sea creatures as they explored an underwater environment in
search of treasure) to distract the participant before, during,
and after the SCP needle insertion.

iPad Distraction
In addition to usual care, participants in the active

control group watched a video on an iPad while wearing the
same headphones as in the experimental group. The active
control participants watched the same video of an under-
water environment with sea creatures and listened to the
same music. The iPad was held by the RA and positioned
within a meter of the participant. This distance was selected
to allow the iPad to be easily seen without interfering with
the clinical procedure. The use of an active distraction as
control was selected due to the known effectiveness of
existing of such distraction interventions in improving out-
comes related to procedural pain.17,18

Procedures
Random allocation (1:1) to study group was centrally

controlled and concealed using a secure, web-based service
(Research Electronic Data Capture; REDCap). An RA was
present in the room to ensure the technology in each of the
study conditions functioned as intended, document any
other interventions used (ie, parents offering consolation,
topical anesthetics, child life specialist involvement), record
whether the needle insertion was successful on first attempt,
measure the time required for procedure set-up and conduct,
and measure the time between procedure completion and
completing endpoint measures.

Blinding
Participants completed preprocedure measures before

being allocated to study condition (ie, before
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randomization). Due to the nature of the study conditions,
the RA and participants could not be blinded to study
condition once randomized. The statistician was blinded to
group identification during the analysis. Pre-procedure
measures were also completed in the waiting area, with
parent and child reporting separately and out of earshot of
one another. Postprocedure measures were completed sep-
arately in the treatment room.

Outcome Measures
Outcome measures were selected based on existing

research recommendations and clinical relevance. Prelim-
inary effectiveness outcomes of pain intensity, distress, and
fear were selected. In studies evaluating interventions for
procedural pain, it is recommended to measure multiple
outcomes beyond self-reported pain intensity, such as dis-
tress, as treatment effects have been shown to differ.17,18

Additional key domains included patient satisfaction, and
mechanisms known to impact VR effectiveness, such as
immersion.11,18 Self-report measures were administered on
paper to respondents.

Pain Intensity
Children and adolescents self-reported their pain while

parents, nurses, and the RA rated the participants pain at 2
time points: current pain before the procedure, and pain
during the procedure, both before and immediately follow-
ing the procedure. All respondents used a well validated
11-point Numeric Rating Scale (NRS19,20) with verbal
anchors of “no pain at all” at 0 and “the most pain you can
imagine (this child) having” at 10.

Fear
Participants reported fear both before and following

the procedure using the Child Fear Scale, which is a visual
scale with established psychometrics in children as young as
5 years.21 Inter-rater reliability of the tool is 0.51 and test-
retest reliability is 0.76. Convergent validity of the Child
Fear Scale with another fear scale is 0.73.21

Distress
Children and adolescents, as well as parents, nurses,

and the RA rated the child’s distress both before and fol-
lowing the procedure using an 11-point NRS, with verbal
anchors of “no distress at all” at 0 and “the most distress
you can imagine (this child) having” at 10. Parents reported
on their own level of distress following the child’s procedure
using the Parent Distress Questionnaire. Predictive validity
for children’s pain and distress, and parent behaviors during
medical procedures was demonstrated (0.49 to 0.50) with
strong (α= 0.90) internal consistency.22

Immersiveness
Immersiveness, or the degree to which one feels present in

a virtual environment is a factor believed to influence the
effectiveness of VR-based analgesia.23 This measure is a ver-
sion of what has been used in a prior study assessing the
effectiveness of VR during IV placement in children.24 It
consists of 12 items on a 3-point scale (0=no, 1=a little, 2=a
lot) and generates an aggregated score ranging from 0 to 24
with a higher score indicating deeper immersion. The measure
was administered to children and adolescents following the
procedure in both groups.

Pain Catastrophizing
Pain catastrophizing is a factor with potential to

influence the effectiveness of distraction interventions for
pain.6 Children and adolescents reported preprocedure their
tendency to catastrophize about pain during the needle
procedure using the 6-item state version of the Pain Cata-
strophizing Scale for Children (PCS-C), which is a self-
report measure of pain catastrophizing with established
psychometrics in children aged 8 years and older. Validity
has been established in children aged 8 to 18 years during
acute pain.25,26 Parents reported preprocedure their state
tendency to catastrophize about their child’s pain during the
needle procedure using the state version of the Pain Cata-
strophizing Scale for Parents (PCS-P), which is a 6-item self-
report measure of pain catastrophizing with established
psychometrics in parents of children aged 8 years and
older.25 Scores on the pain catastrophizing measures ranged
from 0 to 60 with higher scores indicating greater
catastrophizing.

Intervention Satisfaction and Acceptability
The intervention satisfaction questionnaire was com-

pleted by children and adolescents, nurses, and parents
following the procedure. The investigator-developed form
collected data on acceptability, perceived utility of pain
reducing procedures, and recommendations for changes
related to the needle insertion experience. Acceptability
questions were captured on a 4-point scale from “not at all”
to “very much.” Child-reported motion sickness or dizziness
was assessed preprocedure and postprocedure. If children
and adolescents responded “yes” to motion sickness or
dizziness, symptoms were rated on a 4-point scale from “not
bad at all” to “very bad.”

Statistical Methods
Feasibility outcomes and demographic data were ana-

lyzed with descriptive statistics for each study group.
Preliminary effectiveness outcomes were analyzed following
an intent-to-treat approach, with all available data analyzed
for all participants assigned to the group they were
randomized. Due to the nonlinear distribution of effective-
ness outcomes, linear mixed models as initially planned were
not used. Outcomes of pain, fear, and distress were dicho-
tomized to present or absent based on a value of 0 (absent)
or greater (present). Histograms of the outcome dis-
tributions are presented in the results. A logistic model was
used to analyze each outcome (pain, distress, fear) score
with pretreatment values used as covariates. Intraclass cor-
relations were calculated to determine agreement between
child-reported and parent, nurse, and researcher observer-
reported outcomes. Results are presented as odds ratios with
corresponding 95% confidence intervals and P-values. All
data were analyzed using Stata 15.1.

RESULTS

Primary Analyses: Feasibility

Participant Flow and Recruitment
Recruitment began in June 2017 and ended August

2019, with removal of the crossover design component
occurring in September 2017. Recruitment was stopped
when the specified sample size goal was met. Study enrol-
ment and follow-up data are provided in the Consolidated
Standards of Reporting Trials (CONSORT) flow diagram in
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Figure 1. The sample consisted of 40 children and adoles-
cents with an average age of 12 years who were majority
male (n= 25, 63%) and most diagnosed with acute lym-
phoblastic leukemia (n= 23, 58%). Participant demo-
graphics by study group are provided in Table 1.

Accrual and Retention
The cross-over design was modified to a parallel 2-arm

trial following recruitment of the first 4 study participants.
The change in design occurred because: (1) participants were
not returning to clinic for subsequent SCP needle insertions
within the specified 8-week time window or (2) identifying
returning participants and implementing research proce-
dures within the short time period children spend in the
clinic was problematic. Data from all participants recruited
within the cross-over design was retained and included in all
analyses. These participants completed only 1 SCP needle
insertion within the study and all study procedures and data
collection matched those of the remaining 36 participants.

Over the 2-year and 2-month study period a total of 40
participants consented and were randomized (1.5 per month)
out of the 65 eligible and approached participants (62%). The
remaining 25 participants declined to participate, with the
majority (n=22) reporting not being interested in participating.
Reasons children were not interested included thinking that the
study would add additional stress to the anxiety-provoking
procedure and feeling content with their current SCP needle

insertion coping strategies. Retention was high with only 1
participant in the active control group withdrawing following
randomization when their group assignment was revealed.

Outcome Completion
Child-reported pain, distress, and fear, and pain catas-

trophizing data were available for 39 (100% of participants who
did not withdraw) participants preprocedure and 38 participants
(97%) postprocedure. The response rate for parent, nurse, and
RA pain and distress measures ranged from n=30 (77%) to
n=38 (97%). At times respondents were unavailable post-
procedure to complete the measures, for example if the nurse
had to provide additional care to a patient. See Table 2 for
response rates at all time points for all raters.

Outcomes obtained for participant pain, distress, and
fear during the procedure were not normally distributed.
Most children reported no pain, distress, and fear (ie, value
of 0 on each measure) during the procedure in both groups.
The distribution of all responses is presented in Figure 2
with descriptive statistics reported in Table 2.

Adverse Events
No serious adverse events or harms were reported in

either group. No difference in dizziness or motion sickness
postprocedure or between the study groups was seen. Two
(10%) participants in each group reported motion sickness
or dizziness prior to the procedure, with 2 VR (10%) and 3

Assessed for eligibility (n=260)

Eligible (n=77)

Approached (n=65) Not Approached (n=12)

Consented (n=40)

Intervention
(n=20)

Control
(n=20)

Not eligible (n=183)

Missed patient (n=3)

No show/cancel (n=8)

Unwell that day (n=1)

Declined (n=25)

Randomized (n=40)

Not interested (n=22)
Interested - had to leave

(i.e. school, parent work)
(n=2)

Interested - not being

accessed that day (n=1)

Not meeting inclusion criteria
(n=173)

Diagnosis less than 1 month
(n=1)

Cognitive, visual, auditory
impairment (n=28)

Not English speaking (n=3)

No port (n=125)

No cancer diagnosis (n=15)

Not actively undergoing
treatment (n=1)

Other (n=10)

Already accessed (i.e. at 
home) (n=3)

Virus/contamination (n=1)

Nurse stated not a good

candidate (n=6)

Going into surgery (n=1)

Behavioral issue (n=1)

Under anesthesia for

port (n=1)

Medical equipment

impacting VR equipment

(n=1)

No declared reason

(n=2)

FIGURE 1. CONSORT participant flow diagram.
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iPad group (17%) participants reporting motion sickness or
dizziness during the procedure.

Intervention Implementation and Technical Issues
Technical and other issues were minimal. In the active

control group, 1 participant stopped the iPad intervention

before the SCP needle insertion due to anxiety around the
procedure. Another active control group participant did not
receive the active control intervention as the SCP needle
insertion was conducted before the iPad could be provided.
One participant in the VR group requested headphones be
removed during the procedure.

Acceptability and Immersiveness
Participant-reported and parent-reported acceptability

was high in both study groups. Mean acceptability scores
for parents and children and adolescents are provided in
Table 3. Nurse-reported acceptability of the VR inter-
vention was also high. Thirteen (65%) nurses reported that
the VR headset had no negative impact on clinical workflow
during SCP needle insertion and no nurses reporting that it
“completely” negatively impacted clinic workflow. For all
VR procedures, 20 nurses (100%) indicated that it was “as
easy” or “easier” to conduct the SCP needle insertion with
the VR intervention compared with without. In the iPad
group, nurses indicated on 17 (95%) procedures that it was
“as easy” or “easier” to conduct the SCP needle insertion
with the iPad compared with without.

Participant-reported immersiveness with the inter-
vention (VR or iPad) was significantly higher (P= 0.0318) in
the VR group (M= 16.4, SD= 5.4) compared with the
control group (M= 14.5, SD= 5.4).

Secondary Analyses

Pain and Distress Interrater Agreement (Self-report vs.
Observer)

Agreement with participant-reported pain and distress
was examined for parent, nurse, and RA observer reports.
Results are shown in Table 4. Agreement for all respondents
and outcomes were broadly “poor” in the VR group.27 In
the iPad group, agreement ranged from “poor” to “excel-
lent”. Given the low observer reported reliability with child
reported outcomes, as well as the difference in reliability

TABLE 1. Demographic and Disease Characteristics of the Study
Sample, N=40

Characteristic
VR Headset,

n= 20
iPad,
n= 20

Total,
N= 40

Age, mean (SD) (y) 12.1 (3.0) 12.6 (3.6) 12.4 (3.2)
Sex, n (%)
Female 7 (35) 8 (40) 15 (37)
Male 13 (65) 12 (60) 25 (63)

Ethnicity
Arab or West

Asian
3 (15) 0 3 (8)

Black 2 (10) 2 (11) 4 (10)
Chinese 1 (5) 2 (11) 3 (8)
Filipino 0 1 (5) 1 (3)
Korean 1 (5) 0 1 (3)
Latin American 2 (10) 0 2 (5)
South Asian 1 (5) 2 (11) 3 (8)
White 10 (50) 12 (63) 22 (56)

Diagnosis, n (%)
Acute

lymphoblastic
leukemia

14 (70) 9 (45) 23 (58)

Brain tumor 3 (15) 7 (35) 10 (25)
Lymphoma 2 (10) 1 (5) 3 (7)
Other 1 (5) 3 (15) 4 (10)

Time since diagnosis
at procedure (mo),
mean (SD)

9.9 (10.3) 11.6 (10.5) 10.7 (10.3)

VR indicates virtual reality.

TABLE 2. Participant, Parent, Nurse, and Research Staff Reported Pain, Distress, and Fear (Child) Pre and During Subcutaneous Port
Needle Insertion Procedures

VR iPad

Outcome and Respondent N Mean SD Med. Min Max n Mean SD Med. Min Max

Child and adolescent
Pain, pre 20.0 0.9 1.6 0.0 0.0 5.0 19.0 0.3 0.7 0.0 0.0 2.0
Pain, during 20.0 0.9 1.5 0.0 0.0 4.0 18.0 1.3 2.3 1.0 0.0 10.0
Distress, pre 20.0 1.1 2.1 0.0 0.0 8.0 19.0 1.2 2.0 0.0 0.0 7.0
Distress, during 20.0 0.3 0.8 0.0 0.0 3.0 18.0 1.8 2.8 0.0 0.0 8.0
Fear, pre 20.0 0.8 1.1 1.0 0.0 4.0 19.0 0.9 1.2 0.0 0.0 4.0
Fear, during 19.0 0.4 0.6 0.0 0.0 2.0 18.0 0.8 1.3 0.0 0.0 4.0

Parent
Pain, pre 16.0 3.5 3.2 3.0 0.0 10.0 14.0 2.8 2.7 2.0 0.0 8.0
Pain, during 20.0 1.6 2.4 1.0 0.0 9.0 15.0 2.0 2.3 1.0 0.0 7.0
Distress, pre 16.0 5.4 3.2 5.0 0.0 10.0 14.0 5.0 3.0 5.0 0.0 10.0
Distress, during 20.0 2.0 2.7 1.0 0.0 9.0 15.0 2.7 3.0 2.0 0.0 8.0

Nurse
Pain, pre 16.0 1.7 1.6 1.0 0.0 5.0 16.0 2.3 2.1 2.0 0.0 8.0
Pain, during 20.0 1.7 1.9 1.0 0.0 6.0 18.0 2.9 2.7 2.0 0.0 10.0
Distress, pre 16.0 3.8 2.9 3.5 0.0 8.0 16.0 3.6 2.2 3.0 1.0 8.0
Distress, during 20.0 1.6 2.2 0.5 0.0 7.0 18.0 3.4 2.9 3.0 0.0 10.0

Research staff
Pain, pre 16.0 1.4 1.9 0.5 0.0 5.0 16.0 1.6 2.4 0.5 0.0 7.0
Pain, during 20.0 1.3 1.6 0.5 0.0 5.0 18.0 1.4 2.4 0.0 0.0 8.0
Distress, pre 16.0 2.3 2.0 2.0 0.0 6.0 16.0 1.3 2.1 0.5 0.0 8.0
Distress, during 20.0 1.6 2.5 0.0 0.0 7.0 18.0 2.3 3.4 0.0 0.0 10.0
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between study groups, preliminary effectiveness results focus
on participant-report only.

Preliminary Effectiveness
Estimates of preliminary effectiveness using the

dichotomized participant-reported outcomes of pain, dis-
tress, and fear are presented in Table 5. None of the
preliminary effectiveness outcomes were statistically sig-
nificant between groups. Adjusting for pain before the
procedure, the odds of having pain during the procedure
among those in the active control iPad group was 3 times the
odds for a participant who used VR. For distress, the odds
of having distress during the procedure among those in the
iPad group was 4.1 times the odds for a Participants who
used VR, adjusting for distress before the procedure.
Adjusting for fear before the procedure, the odds of being
scared during the needle insertion was the same across
interventions. Descriptively, 65% (n= 13) of participants in
the VR group reported no pain during the procedure,
compared with 45% (n= 8) in the iPad group. For distress,
80% of VR participants (n= 16) reported no distress, com-
pared to 56% of iPad participants (n= 10). Scores for fear
were similar in both groups with 63% (n= 12) of VR par-
ticipants and 67% (n= 12) of iPad participants reporting
no fear.

Preprocedural participant-reported pain catastrophiz-
ing was low in the VR group (M= 9.0, SD= 11.5) and the
iPad group (M= 13.8, SD= 14.9). Parents catastrophized
more about child pain in both groups (M= 19.3, SD= 14.2)

and (M= 21.1, SD= 14.2) compared with children’s and
adolescents reports of their own pain catastrophizing.

DISCUSSION
The results of this pilot RCT indicate that VR is a

feasible and acceptable intervention to implement within
pediatric oncology for SCP needle insertion. Results indicate
that children and adolescents who use VR as an intervention
have a desire to continue to use VR during future SCP
insertions. We show that, within the context of our study
site, a cross-over study design is not feasible due to diffi-
culties following participants over time. In contrast, a 2-arm
parallel study design is feasible. While our study accrual rate
(63%) was below our target of 70% or higher, retention
(97%) was high, along with 95% or higher rates of outcome
completion for child report. The accrual rate of 63% is also
higher than rates reported in other pediatric VR pilot
studies.28 Moving forward, engaging patients in the study
design and recruitment strategies can be used to improve
accrual rates.29 Outcome completion rates were lower for
observer-reported outcomes by parents, nurses, and the RA
than for children. Children and adolescents, parents, and
nurses reported high satisfaction with the VR intervention.
Nurses found use of the VR headset integrated well into
their workflow. No serious adverse events were reported,
and levels of dizziness or motion sickness were the same in
the VR and iPad groups.
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FIGURE 2. Child and adolescent reported pain, distress, and fear during subcutaneous port needle insertion procedures.

TABLE 3. Child and Adolescent and Parent Reported Acceptability of the VR and iPad Interventions

Child Parent

Acceptability Item VR, n= 20 iPad, n= 18 VR, n= 17 iPad, n= 13

How much did you like having the VR headset or iPad during your (child’s) port
access (SCP needle insertion)?

3.3 (1.0) 3.3 (0.8) 3.6 (0.8) 3.3 (0.9)

How helpful was the VR headset or iPad during your (child’s) port access
(SCP needle insertion)?

2.9 (1.1) 2.9 (1.0) 3.4 (1.0) 3.0 (1.2)

How much did the VR headset or iPad decrease hurt/pain during your (child’s) port
access (SCP needle insertion)?

2.3 (1.1) 2.3 (1.1) 3.1 (1.1) 2.6 (1.2)

If you need a port access next time, how much would you want the VR headset or
iPad for distraction?

3.0 (0.9) 3.0 (1.0) 3.5 (0.9) 2.9 (1.2)

SCP indicates subcutaneous port; VR, virtual reality.
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Low inter-rater agreement was identified when comparing
child and adolescent report to all observer reports. These findings
are aligned with existing research which supports child-reported
pain as the reference standard.30 When considered along with the
lower rates of completion for observer outcomes, collecting only
child-reported primary outcomes would be the most efficient,
feasible, and valid method for future research. Of note, inter-
rater agreement was lower in the VR group when compared with
iPad. It is possible that the VR headset impacted the ability of
the other respondents to provide an observer rating of child pain
and distress because facial cues relevant for observer inter-
pretation of others’ pain experience may be obscured.31

In terms of preliminary estimates of effectiveness, overall
pain, distress, and fear was low in both groups, which may
indicate effectiveness of the interventions in both groups. Less
pain and distress were seen in the VR group compared with the
iPad group, while fear scores remained similar between study
groups. The results should be interpreted conservatively due to
the small sample size, correspondingly large confidence inter-
vals, and dichotomized outcomes. In this study, VR was com-
pared with a known effective distraction intervention (iPad) and
all participants received topical anesthetic as part of standard
care.32 Other studies in the same population have compared VR
with no distraction.11,33,34 Such studies have also been limited
by small sample sizes. A recent Cochrane review of VR for
distraction in acute pediatric pain found that sample sizes were

not large enough to draw strong conclusions. The review
highlighted the need for future large-scale studies (minimum 200
participants per arm) comparing VR to other technology dis-
tractions (eg, iPad) to determine effectiveness in a range of
clinical settings. The results of this pilot study are well positioned
to guide development of a full-scale study in line with the
recommendations and findings of the Cochrane review.

The study was limited in terms of the ability to evaluate
preliminary effectiveness due to the distribution of outcome data.
This was the result of low levels of reported pain, distress, and
fear in the sample, which were lower than expected based on
previous research.35,36 It is possible that the study participants
existing experience with the SCP procedure led to reduced sco-
res on the outcomes, or that those with the highest levels of
distress and fear chose not to consent to this research. Future
studies could aim to recruit participants at their first SCP pro-
cedure to increase the availability of the intervention, reduce
potential development of needle fear, and increase the hetero-
geneity of the sample.37 The study design also resulted in a
potential limitation. The design was altered after 4 participants
were recruited to remove the cross-over design component, but
no participant data were removed from the analysis as a result.
The study was conducted in one tertiary care pediatric center,
with the VR and iPad intervention support provided by research
staff versus clinical staff (eg, child life specialist). Feasibility and
implementation of the interventions may differ without this
dedicated support. As well, all participants received the same VR
intervention (same virtual environment and gamification), which
may have impacted acceptability, immersiveness, and effective-
ness compared with a different VR program, and limits the
generalizability of the findings related to other VR interventions.

CONCLUSION
In this sample of pediatric oncology patients presenting

for SCP needle insertion, VR as a distraction intervention
was feasible and acceptable to patients, their families, and
clinicians. Important considerations for outcome selection
and study design were identified, including the importance
of patient-reported outcomes compared with proxy when
using VR headsets. Preliminary effectiveness data supports
evaluating VR to reduce procedural pain and distress in a
future full-scale trial in this population.
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