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Effect of a Virtual Reality Environment Using a Domed Ceiling Screen
on Procedural Pain During Intravenous Placement in Young Children

A Randomized Clinical Trial

Ha Ni Lee, MD; Joong Wan Park, MD; Soyun Hwang, MD; Jae Yun Jung, MD, PhD; Do Kyun Kim, MD, PhD;
Young Ho Kwak, MD, PhD; Eui Jun Lee, MD

IMPORTANCE Distraction using virtual reality (VR) has been found to provide a clinically
significant reduction in the experience of pain during various painful procedures.
Commercially available VR systems usually require the user to wear a head-mounted display
helmet, which can be challenging for young children, and whether VR can reduce pain during
intravenous (1V) placement in young children is currently unknown.

OBJECTIVE To determine whether a VR environment using a novel domed ceiling screen
reduces distress among children over the course of IV placement compared with standard
care in a pediatric emergency department.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial was conducted from June
3,2020, to February 8, 2021, at an urban tertiary academic children’s hospital. Included were
children aged 6 months to 4 years undergoing IV placement in the pediatric emergency
department.

INTERVENTION Children in the intervention group lay on a bed to experience a VR animation
using a domed ceiling screen during the IV placement procedure, which was performed as
usual. Children in the control group also lay on a bed during the procedure but did not view a
VR animation.

MAIN OUTCOMES AND MEASURES The primary outcome was pain scores measured using the
Face, Legs, Activity, Cry, and Consolability (FLACC) scale at 4 time points during IV placement:
immediately after the child lay down on the bed (T1), the moment the tourniquet was applied
(T2), the moment a sterile alcohol swab was applied (T3), and the moment the needle
penetrated the skin (T4).

RESULTS Of the 88 children included in the final analysis, 44 received VR distraction (median
[IQR] age, 24.0 [14.5-44.0] months; 27 boys [61.4%]), and 44 received standard care (median
[IQR] age, 23.0 [15.0-40.0] months; 26 boys [59.1%]). The median [IQR] FLACC scores at T4
were 6.0 (1.8-7.5) in the intervention group and 7.0 (5.5-7.8) in the control group. The ordinal
logistic regression model showed that children in the VR intervention group vs the control
group had a lower probability of higher FLACC scores (odds ratio, 0.53; 95% Cl, 0.28-0.99;

P =.046).

CONCLUSIONS AND RELEVANCE The findings of this trial indicate that displaying VR using a
domed ceiling screen may be an effective distraction method that reduces distress in young
children undergoing IV placement.
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isiting the pediatric emergency department (PED) is

among the most stressful situations children can

experience.! In particular, intravenous (IV) placement
is a common invasive procedure that invokes fear and pain in
children.? A lack of cooperation in children due to fear and anxi-
ety about needles makes it more difficult for practitioners to
perform IV placement.? Frequent failure and retrial of the pro-
cedure negatively affects children, leading to maladaptive pain
responses, needle phobia, long-term traumatic memories, and
avoidance of medical centers.*

The pharmacological method of using topical anesthetics and
systematic analgesics has less of an effect on pain relief than ex-
pected and cannot reduce anxiety before a procedure.>® In con-
trast, nonpharmacological distraction methods are not only ef-
fective in reducing distress but are also easily applicable to urgent
procedures.”® In recent years, virtual reality (VR) has attracted
attention as a novel digital distraction method that enables chil-
dren toimmerse themselves in an alternate world.!° In addition,
distraction using VR has been found to provide clinically mean-
ingful pain reduction during various procedures, such as burn
wound care, lumbar puncture, and IV placement.!'3

Commercially available VR systems usually require the user
to wear a head-mounted display helmet, which can be challeng-
ing for young children, who constitute the main age group vis-
iting PEDs.™ Because wearing this helmet is difficult for young
children, we developed a dome-shaped screen to deliver VR and
conducted a pilot study prior to this randomized clinical trial
(RCT).! Considering some technical issues in implementing VR
using the domed screen in clinical practice, the ceiling of our PED
wasrenovated toinstall adome-shaped screen, and we developed
VR content suitable for children in the age group targeted in this
study. The objective of this study was to gauge whether VR using
anovel domed ceiling screen reduces distress in young children
during IV placement compared with standard care in PEDs.

Methods

Study Design and Setting
This RCT was an experimental, parallel, 2-group, clinical study
comparing the effect of VR using a domed ceiling screen vs no

Virtual Reality and Procedural Pain During Intravenous Placement in Young Children

Key Points

Question Can a virtual reality (VR) environment using a novel
domed ceiling screen be effective in reducing distress among
young children undergoing intravenous (IV) placement in pediatric
emergency departments (PEDs)?

Findings In this randomized clinical trial including 88 children,
there was a significant reduction in overall pain scale scores over
the course of IV placement in the VR intervention group compared
with the control group.

Meaning Virtual reality using a domed ceiling screen may be an
effective distraction method to reduce distress in young children
undergoing IV placement in PEDs.

VR experience during IV placement in young children. This RCT
was conducted according to the Consolidated Standards of
Reporting Trials (CONSORT) reporting guidelines in the PED of
our hospital in Seoul, South Korea, from June 3, 2020,
to February 8, 2021. Our hospital, Seoul National University
Hospital, is alarge, urban, academic tertiary care hospital with
a 315-bed capacity, and its PED is visited by more than 20 000
children annually. This trial was approved by the institutional
review board of the hospital and was registered in the Korean
Clinical Trial Registry, with information provided in English at
the International Clinical Trials Registry Platform (KCTO005122).
Written informed consent was obtained from caregivers (ie,
parents, guardians) of eligible children after researchers
explained the trial.

Participants

Children visiting the PED were eligible if they were aged 6
months to 4 years and were undergoing IV placement for treat-
ment or diagnosis. Children with developmental disabilities
or facial anomalies that would make it difficult for physicians
to apply the pain scale and children who were separated in a
negative-pressure isolation room for suspected COVID-19 were
excluded from the study. Children were also excluded if they
needed urgent IV placement (eg, because of a hemodynami-
cally unstable status or an altered level of consciousness) or if

Figure 1. Study Protocol
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Figure 2. Flow Diagram for Study
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their caregivers had insufficient knowledge of Korean to un-
derstand the study protocol.

Randomization and Study Protocol

Aresearcher screened children visiting the PED during week-
day daytime hours (9 AM to 4 Pm Monday through Friday). If
the child was eligible, the researcher explained the trial and
obtained written informed consent from his or her care-
givers. There was no payment for participation. Then, the chil-
dren were allocated to either the intervention or control group
based on an encrypted random table. Simple randomization
sequences were generated by a computerized random num-
ber generator. Allocation was concealed until consent was
obtained.

The study protocolisillustrated in Figure 1and described
in Supplement 1. Prior to the IV placement, caregivers com-
pleted a questionnaire to provide baseline information, such
as whether the child had taken analgesics within 2 hours of vis-
iting the PED and had previously experienced IV placement.
When the researcher was ready for video recording, the child
and caregivers entered the treatment room together. The video
recording began shortly after the child and caregivers en-
tered the treatment room and continued until they left the
room after the procedure.

For those children assigned to the intervention group, the
VR animation was projected onto the domed ceiling screen,
and the child was asked to lie on a bed to watch the VR ani-
mation. After the child watched the animation for approxi-
mately 1 minute, the emergency medical technician (EMT) en-
tered the treatment room and started the IV placement
procedure. In the control group, the child was asked to lie on
abed for IV placement, and EMTs were instructed to perform

jamapediatrics.com
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the IV placement procedure as they usually would. The IV
placement procedure proceeded according to the following se-
quence: tourniquet application, venipuncture site cleansing,
venipuncture, and taping of an indwelling IV cannula. To fo-
cus on the child’s facial expression, the researcher recorded
videos using an action camera in addition to a camera in-
stalled on the ceiling throughout the procedure. After the IV
placement was complete, the caregivers completed question-
naires about their satisfaction with the procedure and their
child’s pain and anxiety.

Interventions

Our VR equipment consisted of a domed ceiling screen devel-
oped and installed by Gleam Systems and 2 projectors
(EB-G7100, Epson) linked to a computer playing an anima-
tion. The domed ceiling screen had a hemispherical shape with
a123° angle of view. The diameter and height were 1700 and
520 mm, respectively (eFigure 1in Supplement 2). An anima-
tion of approximately 3 minutes was created by Gleam Systems
using a high-resolution, real-time, 3-dimensional game en-
gine; the animation was displayed directly on the domed ceil-
ing screen. The animation portrayed 4 animal characters (a
bear, rabbit, cat, and squirrel) running through the forest, with
the VR simulating that the child was running with animal
friends (eFigure 2 in Supplement 2).

Outcomes

The primary outcome was the observed pain intensity dur-
ing the IV placement procedure. This was measured using
the Face, Legs, Activity, Cry, and Consolability (FLACC)
scale'®!” at 4 time points during IV placement: immediately
after the child lay down on the bed (T1), the moment the

JAMA Pediatrics January 2023 Volume 177, Number 1

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Medical Library Yonsei University user on 01/04/2024

27


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2022.4426?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.4426
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2022.4426?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.4426
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2022.4426?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.4426
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.4426

28

Research Original Investigation

Virtual Reality and Procedural Pain During Intravenous Placement in Young Children

Table 1. Demographic Characteristics by Group

No. (%)

Characteristic Intervention (n = 44) Control (n = 44) Total (N = 88)
Children
Age, median (IQR), mo 24.0 (14.5-44.0) 23.0(15.0-40.0) 23 (15.0-42.5)
Sex

Male 27 (61.4) 26 (59.1) 53(60.2)

Female 17 (38.6) 18(40.9) 35(39.8)
Reason for PED visit

Disease 28 (63.6) 26 (59.1) 54 (61.4)

Trauma 16 (36.4) 18 (40.9) 34 (38.6)
Previous venipuncture experience

Yes 33(75.0) 31(70.5) 64 (72.7)

No 11 (25.0) 13 (29.5) 24 (27.3)
Analgesics taken

Yes 0 3(6.8) 3(3.4)

No 44 (100.0) 41(93.2) 85 (96.6)
Fever

Yes 3(6.8) 8(18.2) 11(12.5)

No 41(93.2) 36 (81.8) 77 (87.5)
Caregivers
Age, median (IQR), y 36.5 (34.5-40.0) 37.0(34.0-39.5) 37.0(34.0-40.0)
Relationship

Mother 34(77.3) 34(77.3) 68 (77.3)

Father 8(18.2) 8(18.2) 16 (18.2)

Grandmother 2 (4.5) 1(2.3) 3(3.4)

Grandfather 0 0 0

Other 0 1(2.3) 1(1.1)
No. of children, median (IQR) 1.0(1.0-2.0) 2.0(1.0-2.0) 2.0(1.0-2.0)
Preyious experience observing child’s
venipuncture

Yes 26 (59.1) 29 (65.9) 55(62.5)

No 18(40.9) 15(34.1) 33(37.5) Abbreviation: PED, pediatric

emergency department.

tourniquet was applied (T2), the moment a sterile alcohol
swab was applied (T3), and the moment the needle pen-
etrated the skin (T4). Baseline pain intensity was also mea-
sured immediately after the child entered the treatment
room (TO). Pain intensity assessments were completed by 2
physicians who were blinded to the study protocol and pur-
pose and who independently viewed the video recordings.
The secondary outcomes included caregiver satisfaction on
a 5-point Likert-type questionnaire and caregiver rating of
the child’s pain and anxiety (visual analog scale, 0-10) after
1V placement.

Sample Size

With a type I error rate of 0.05 and 80% power, a sample size
of 37 per group was required to detect a 1.6-point reduction in
the FLACC score with an SD of 2.4, based on the result of the
previous pilot study. Assuming a 20% dropout rate, 44 chil-
dren per group were required.

Statistical Methods

Our analysis was based on an intention-to-treat approach. Con-
tinuous variables were reported as medians and IQRs, and cat-
egorical variables were reported as frequencies and percent-
ages. Comparisons were performed using the Mann-Whitney
U test for continuous variables and the Fisher exact test or x>

JAMA Pediatrics January 2023 Volume 177, Number 1

test for categorical variables as appropriate. Descriptive sta-
tistics were calculated, including the mean and median pain
score at each time point (TO-T4), changes in pain score at each
time point (T1-T4) compared with that at baseline (T0), mean
pain score (T1-T4), and mean change in pain score from TO to
each time point (T1-T4).

Ordinal logistic regression was performed to provide odds
ratios comparing the distribution of the primary outcome be-
tween the randomized groups. Odds ratios were estimated with
arobust variance estimator in the generalized estimating equa-
tion to account for multiple measurements per patient. Addi-
tionally, a nonparametric repeated measures analysis of vari-
ance (RMANOVA) was conducted to evaluate the effect of VR
distraction over the course of IV placement using pain scores
measured after VR distraction was applied (ie, T1to T4). When
significant differences were found, the Mann-Whitney U test
with Bonferroni correction for multiple comparisons was used.

Additional analyses were performed on the subgroup of
children with a nonzero sum of pain scores for the entire pro-
cedure and on the subgroups by age. According to sex differ-
ences in pain perception and behavior,'®!° we conducted sex-
stratified analyses to further understand sex differences in
sensitivity to VR intervention. Per-protocol analysis was also
conducted for the primary outcomes. A between-group com-
parison of caregiver responses to the postprocedural ques-
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tionnaire was conducted using the Mann-Whitney U test. All
statistical analyses were 2-tailed, and a P value less than .05
was considered significant. Statistical analyses were per-
formed using R version 3.6.3 (R Foundation for Statistical
Computing) and SAS version 9.4 (SAS Institute).

|
Results

Figure 2 shows the flow diagram for the study, with 330 pa-
tients assessed for eligibility, with 88 randomized and 242 ex-
cluded. There were minor protocol violations with 3 children
(1in the intervention group and 2 in the control group). Table 1
shows the baseline characteristics of the 2 groups. The me-
dian (IQR) age of the children was 24.0 months (14.5-44.0) in
theintervention group and 23.0 months (15.0-40.0) in the con-
trol group. There were 27 boys (61.4%) in the intervention group
and 26 boys (59.1%) in the control group.

Descriptive statistics for FLACC scores at each time
point by the group are shown in Figure 3 and eTable 1 in
Supplement 2. The FLACC score tended to increase over the
course of the IV placement in both groups, but the median
pain scores at all time points were numerically lower in chil-
dren exposed to the VR intervention compared with the
control group. The median (IQR) FLACC scores at T4 were
6.0 (1.8-7.5) in the intervention group and 7.0 (5.5-7.8) in the
control group.

The generalized estimating equation analysis of the ordi-
nal logistic regression model showed that the VR interven-
tion group had a lower probability of having higher FLACC
scores compared with the control group (odds ratio, 0.53; 95%
CI, 0.28-0.99; P = .046) (Table 2). A nonparametric RMANOVA
showed a significant main effect of both time point
(Fy17.. = 40.39; P < .001) and group (F; o¢.. = 4.05; P = .04).
However, there was no significant interaction between time
point and group (F, ;;.. = 0.84; P = .44) (eTable 2 in Supple-
ment 2). These results suggest that the overall FLACC scores
of the intervention group were lower than those of the con-
trol group.

In the analysis of only girls (intervention group, n = 17, vs
control group, n = 18), there was a significant main effect of
both group (F, g0,.. = 6.56; P = .01) and time point
(F5 26, = 14.31; P < .001) and an interaction between time point
and group (F, »6... = 6.72; P < .001) (eTable 3 in Supple-
ment 2). According to post hoc Mann-Whitney analyses, the
pain score at T1 in the intervention group was lower than that
in the control group (median [IQR], 0.0 [0.0-4.0] vs 7.2 [5.0-
7.91; Bonferroni-adjusted P < .001), with no significant differ-
ences between groups at other time points during IV place-
ment (eTable 4 in Supplement 2). In contrast, there was only
a significant effect of time point (F; 56 .. = 28.54; P <.001) in
the boy subgroup.

In the per-protocol analysis, we also found a significant
main effect of group (F, o0,.. = 4.84; P = .03) (eTable 5in Supple-
ment 2). A numerically lower mean pain score from T1 to T4
was observed in the intervention group than in the control
group (median [IQR], 2.8 [1.1-5.2] vs 4.9 [1.9-6.9]) (eTable 6 in
Supplement 2). After the children without observed distress
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Figure 3. Percentage Stacked Bar Chart of Face, Legs, Activity, Cry,
and Consolability (FLACC) Scale Scores by Group and Time Point
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Responses in each of the 5 FLACC categories are scored between O (green) and
2, for a maximum total score of 10 (red), with higher scores indicating greater
pain intensity. The time points during intravenous placement were as follows:
T1, immediately after the child lay down on the bed; T2, the moment the
tourniquet was applied; T3, the moment a sterile alcohol swab was applied; T4,
the moment the needle penetrated the skin.

throughout the procedure were removed from the analysis,
there was also a significant main effect of group (F, .. = 5.34;
P =.02) and numerically lower mean scores at the 4 time points
during the procedure (median [IQR], 3.9 [1.9-5.8] vs 6.1 [3.0-
6.9]) (eTables 7 and 8 in Supplement 2). We also performed
analyses of each of the 5 subgroups based on age (6-11, 12-23,
24-35,36-47, and 48-59 months). There was no significant main
effect of group or interaction between groups in any of the sub-
groups (eTable 9 in Supplement 2).

The results of the caregiver responses to the postproce-
dural questionnaire are summarized in eTable 10 in Supple-
ment 2. Caregiver ratings of the child’s pain (median [IQR], 5.0
[3.0-8.0]vs 7.0[5.0-10.0]; P = .008) and anxiety (median [IQR],
5.0 [3.0-7.0] vs 8.0 [6.5-10.0]; P < .001) were lower in the in-
tervention group than in the control group. However, there was
no statistically significant difference between groups in care-
giver satisfaction with the overall procedure (median [IQR], 4.0
[3.0-4.0] vs 4.0 [3.0-4.0]; P = .55).

|
Discussion

Based on the results of this RCT, VR using a domed ceiling
screen may be an effective distraction method for IV place-
ment. The ordinal logistic regression model showed that the
VR intervention group had a lower probability of having higher
FLACC scores than the control group. Additionally, there were
overall differences in pain scores during the procedure be-
tween the 2 groups according to a significant main effect of
group in nonparametric RMANOVA. Consistent with the re-
sults, the mean pain scores during the procedure were also nu-
merically lower in the intervention group than in the control
group.
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Table 2. Ordinal Regression Analysis of the Intervention Effects on the Primary Outcomes

FLACC scale score, median (IQR)

Time Intervention Control OR (95% CI)?

T1 0.0 (0.0-0.0) 3.8 (0.0-7.0) 0.39(0.18-0.87)
T2 0.5 (0.0-6.0) 4.5(0.0-7.5) 0.54(0.25-1.18)
T3 2.2 (0.0-6.0) 5.5(0.2-7.2) 0.51(0.25-1.06)
T4 6.0 (1.8-7.5) 7.0 (5.5-7.8) 0.65 (0.31-1.34)
Overall® 2.8(1.1-5.4) 4.9 (1.8-6.9) 0.53(0.28-0.99)

Abbreviations: FLACC, Face, Legs, Activity, Cry, and Consolability; OR, odds
ratio; T1, immediately after the child lay down on the bed; T2, the moment the
tourniquet was applied; T3, the moment a sterile alcohol swab was applied; T4,
the moment the needle penetrated the skin.

2 0dds of having higher FLACC scale score. Odds ratios were estimated with a

robust variance estimator in the generalized estimating equation.

Overall group effect was considered statistically significant (P = .046).
Group x time interaction was not considered statistically significant (P = .43).

Interestingly, there were significant findings in the girl sub-
group only. Based on the post hoc analysis with Bonferroni cor-
rection, VR using a domed ceiling screen could be an effective
distraction method for girls, especially in the preprocedural stage.
Considering that there was no main effect of group in the boy
subgroup, it seems that the difference in the effect of VR dis-
traction with regard to sex contributed to the results in which
no interaction effect was shown in the entire group. Given the
high expectations for boys to have a high pain tolerance in
Korea,2° distraction could have been more effective for girls, who
arerelatively more vulnerable to procedural distress.?' Even tak-
ing this into consideration, improving the content of the VR is
required for future studies because the VR animation we pre-
pared may not have been interesting enough for boys.

According to the subgroup analysis that excluded children
who did not seem to be distressed during the whole procedure,
the distraction aimed at reducing distress may be more effec-
tive in children who are actually experiencing distress. These re-
sults are consistent with those of a previous study that used mu-
sic distraction.! Virtual reality interventions are expected to
effectively reduce procedural pain, especially in PED environ-
ments, which can be more frightening for children than other
medical settings. However, when we performed subgroup analy-
sis by age, there were no significant results related to the VR in-
tervention. Because of the small sample size in each age group,
it was impossible to show meaningful efficacy, and the VR ani-
mation may not be suitable to attract the attention of children
of all ages.

Previous studies have reported that lower pain manage-
ment ratings can decrease satisfaction significantly.?>?* There-
fore, the caregiver’s perception that a child’s pain is being prop-
erly managed is clinically important in PEDs. The caregiver rating
of child distress was significantly lower in the intervention group
than in the control group in this trial. However, there was no dif-
ference in caregiver satisfaction with the overall procedure be-
tween the 2 groups. In fact, the satisfaction level was higher than
moderate in both groups, making it difficult to compare the
differences.

There were some issues that needed some improvement.
The distance between the child and the screen was too far for
the child to focus on it. For the VR to be immersive, the screen
should be closer to the child, and it would be better to be able to
adjust the screen height for each patient. In addition, it is chal-

JAMA Pediatrics January 2023 Volume 177, Number 1

lenging not to disrupt the child’s immersion in VR at the mo-
ment the EMT enters the treatment room or the moment the EMT
comes in contact with the child’s body. When the children no-
ticed that the EMT was preparing for the needle procedure, they
could no longer focus on the animation. It may be more appro-
priate in future studies to change the screen shape to inhibit chil-
dren from viewing the outside world.

The animation we used was not commercially produced
but was created for the purpose of this study. However, as
we mentioned earlier, our animation required interesting
content to attract the attention of children of all ages and
sexes. Virtual reality can be a more effective distraction tool
when it involves devices that allow children to interact with
virtual environments, such as by talking with virtual charac-
ters and playing simple games.?* It will be necessary to
develop novel content so that children focus on the virtual
environment and are more insensitive to external stimuli.

Limitations

This study has some limitations. It was impossible to blind the
physicians who assessed the FLACC scale score because the
room lights were turned off in the intervention group while
the VR animation was on. Although physicians did not know
the study protocol and purpose, there may have been an in-
creased potential for bias. In addition, we used a portable light
in the intervention group for IV placement after the anima-
tion started. Because the brightness and color of the portable
light were different from those of the indoor light, it may have
been more difficult than usual for EMTs to find a vein to punc-
ture. In cases where the EMT was in contact with the child for
a longer period of time to find a vein, the effectiveness of the
intervention may have been reduced. In the next study, fur-
ther adjustments to improve lighting in the treatment room
will be needed.

|
Conclusions

The findings of this trial indicate that using a domed ceiling
screen for VR may be an effective distraction method that re-
duces distress in young children undergoing IV placement. Fu-
ture studies could evaluate more immersive VR systems, such
as eye trackers, for young children in PED environments.
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