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Abstract

Background: Virtual Reality (VR) is used as an effective tool for distraction and as an adjunct for pain management. This
study was conducted to compare VR to standard iPad use after surgery and examine its effect on pain score and opioid
consumption.

Methods: This was a randomized controlled study, with stratification by surgery type, age group (7-12yo, 13-18yo) and
gender. Pain and anxiety were assessed with validated scales (STAI, FACES, VAS, FLACC) and outcomes were compared
between each group.

Results: 50 of the 106 enrolled patients used the VR device. After adjusting for age, gender, and STAI, patients had
a decreased FLACC score while using the VR device compared to the iPad group (odds ratio 2.95, P = .021). The younger
patients were found to have lower FLACC scores while using the VR device (odds ratio 1.15, p=0.044); this finding was
most significant when patients used the VR device for 20-30 minutes (odds ratio 1.67, P = .0003). Additionally, after
adjusting for treatment group, gender, and STAI, the younger patients had higher odds of withdrawal or exclusion from
the study (odds ratio 1.18, P = .021). No significant difference in opioid consumption between the groups was found.

Discussion: Virtual reality was well tolerated and more effective in decreasing pain during the immediate postoperative
period than iPad use. Despite a slightly higher withdrawal rate, younger patients benefited more from the intervention.
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Introduction

Previous studies have shown that when distraction is
combined with medication, postprocedural pain, anxiety,
and satisfaction are all improved versus treatment with
medications alone.1-3 Immersive distraction can provide an
alternative, non-invasive method for pain management
through downregulation of pain signaling, redistribution of
attention, concentration, and emotional investment, re-
directing neural signals and decreasing the patient’s per-
ception of pain and anxiety, such as in dressing changes in
pediatric patients.4,5 Underlying this relationship between
anxiety and pain is the mechanism of anxiety modulation of
pain perception, which can promote hyperalgesia.6 A small
retrospective study showed that VR use reduced pain and
opioid need in a select population,7 but this and other VR
studies have had limited scopes of eligible procedures and
small sample sizes.

No prior study has examined VR in the immediate
postoperative period. The fully immersive environment of
VR facilitates a feeling of presence in the virtual world,8

disrupting awareness of and sensitivity to stressors. The
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use of VR has been suggested to be particularly effective
in the pediatric population, as the younger demographic
often becomes more engaged and captivated by imaginary
spaces.9 Virtual reality is an economically feasible and fa-
miliar option for children, with a variety of applications that
target a range of interests.10 AVR applicationwith a peaceful
environment, calming audio, and slow-paced movements
was intentionally chosen for this study to minimize adverse
effects such as dizziness and nausea. Nature Treks VR
(Greener Games Ltd.; Shropshire, England) fulfilled these
criteria with its wide array of calming environments for
immersive exploration.11 In this study, we hypothesized that
the use of the VR would be an effective method to improve
pain scores and reduce opioid consumption after surgery,
observed in a postoperative anesthesia care unit (PACU).

Methods

Participants

This study was reviewed and approved by the Institutional
Review Board (IRB) of the University of North Carolina at
Chapel Hill (IRB number 18-0658). Participants were
English-speaking patients ≤18 years old undergoing pe-
diatric surgery at UNC Children’s Hospital. UNC Child-
ren’s Hospital is a quaternary academic medical center
performing over 9000 anesthetics per year at its main
campus. Enrolled patients were undergoing one of four
surgeries: general (including urologic and plastic), spine,
other orthopedic, or burn (<10% total body surface area).
Patients were excluded if they had a history of seizures,
developmental delay, uncorrected vision or hearing loss,
head or neck surgery, or with chronic pain requiring the
daily use of opioids for more than two weeks prior to the
procedure. Study personnel consisted of four research
assistants who met regularly to review the processes to
decrease variability with study participant interactions.

Procedures

Consent. Study personnel approached patients and their
families in the surgical waiting room to determine interest
and eligibility. If interested, the remainder of the con-
versation and consent process was conducted in a private
room. Informed consent and assent were then obtained
from the guardian and patient.

Randomization. Following consent, patients and guardians
completed baseline measures about preprocedural pain
and anxiety. Patients self-reported pain levels using the
Wong-Baker FACES Pain Rating Scale (FACES)12 and
anxiety using the Spilberger State Trait Anxiety 6-
question Short Form (STAI) scale.13 Guardians com-
pleted a measure of the patient’s pain using the Visual
Analog Scale (VAS).14 Last, the study personnel

completed a Face, Legs, Activity, Cry, Consolability
(FLACC) assessment.15 Standard pre-op vitals were
collected, and patients were randomized by block ran-
domization in REDCap, a secure web-based platform for
building and managing online databases and surveys. The
randomization scheme was stratified by surgery type and
age (7-12 yo and 13-18 yo). Patients were assigned to one
of two arms: the Standard of Care (SOC) device (iPad
with preloaded applications) or the VR device. Patients
and guardians were unaware of the other arm of the study
until PACU discharge. After randomization, patients were
allowed 5-10 minutes to familiarize themselves with the
operations of their assigned device prior to surgery.

Outcome Measures. The primary endpoint of the study
was patient- and caregiver-reported pain scores. The
validated scales were repeated in the PACU to assess
patient anxiety and pain prior to the intervention. Upon
sufficient alertness, the device was presented to the pa-
tient. During device use, standard vital signs were col-
lected and repeated in 10-minute intervals concurrently
with FLACC assessment, for a total of 30 minutes
(Baseline FLACC, FLACC1, FLACC2, and FLACC3). If
a patient discontinued use of the device prior to the end of
a 10-minute interval, vital signs and a FLACC assessment
were collected at the latest point in the interval. Quali-
tative outcomes were collected through patient and
caregiver surveys at the completion of the intervention.

Intervention

Device Utilization. Study personnel facilitated device use
upon emergence from anesthesia and completion of
postoperative pre-intervention assessments. To avoid
potential unwanted side effects such as nausea and diz-
ziness, both devices were vetted by the UNC Child Life
team and limited to 30 total minutes of use. Patients could
stop using the device at any point during the intervention
and could elect to resume using the device at any point
within 30 minutes from the beginning of the intervention.
Patient refusal of the device in the PACU three times, or
delayed emergence from anesthesia after PACU arrival in
excess of 90 minutes, resulted in mandatory withdrawal.
Upon study completion, patients and guardians completed
a survey about their experience with their assigned device
and general feedback was solicited.

Devices
Standard of Care. Patients at our institution are offered

an iPad 5 (Cupertino, CA), or newer, for postoperative
distraction. These tablet devices are preloaded with ed-
ucational games approved by UNC Child Life Specialists
to appeal to a wide range of ages and interests.

Virtual Reality. The Oculus Go (Irvine, CA) headset
was preloaded with the Nature Treks VR application,
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which provides immersive audio-visual environments to
explore with different settings ranging from outer space to
the deep sea.10 The funding for the headsets and the
application was provided by the UNC Department of
Anesthesiology Research Department. Of note, the iPad,
Oculus Go, and the Nature Treks VR application are not
FDA approved for this purpose, as was outlined and
disclosed in the IRB application.

Follow-Up

Follow-up extended through a 10-day period, consisting of
a survey administered to guardians or caregivers, over the
phone or by email, both 2-3 days and 7-10 days post-
operatively. This was done with the Post Hospitalization
Behavior Questionnaire for Ambulatory Surgery (PHBQ-
AS) survey, a validated questionnaire used to assess post-
hospitalization behavioral changes in children.16

Statistical Analysis

The software used for data analysis was R version 3.6.0.
The chi-square test was used for all categorical variables.
ANOVA was used for numeric variables, and the Wil-
coxon rank-sum test was used for the PHBQ-AS analysis.

Results

Patient Demographics

There were no statistically significant differences in enrolled
patient population demographics (Table 1) including patient
age, gender, preoperative STAI, preoperative FLACC

scores, and surgery type (general, spine, other orthopedic,
and burn). In total, 73 of 106 patients completed the study
[completed: 58.9% male (mean age = 12.7, SD=3.3);
withdrawn: 51.5% male (mean age=11.1, SD=2.8)].

Postoperative

Prior to adjustments, in a direct comparison between the
iPad group and VR group, Table 2 shows no statistically
significant differences between preoperative vs post-
operative VAS scores (P = .93), FACES scores (P = .82),
or postoperative FLACC scores (P = .167; P = .857). In
addition, there was no statistically significant difference in
total opioids given in the PACU when comparing patients
enrolled vs completed or comparing iPad vs VR (Table 3).

FLACC Score. Table 4 shows data adjusted for age, gender,
STAI, and treatment group. After adjusting for age,
gender, and STAI, the odds of having a higher pain score
for iPad group is 3.42 times than that of the VR group (P =
.024; 95% CI, 1.2 to 10.5); the odds of having a greater
decrease in FLACC score for the VR group is 2.95 times
that of the iPad group (P = .021; 95% CI, 1.2 to 7.6). After
adjusting for treatment group, gender, and STAI, younger
patients had higher odds of decreased pain scores at all
time points during the intervention; FLACC1 OR 1.16
(P = .035; 95%CI, 1.0 to 1.3); FLACC2OR 1.22 (P=.026;
95% CI, 1.0 to 1.5); and FLACC3 OR 1.677 (P=.0003;
95% CI, 1.3 to 2.2). After adjusting for treatment group,
gender, and STAI, younger patients had higher odds of
having a decreased FLACC score over the whole in-
tervention (OR 1.150; P = .044; CI 1.0 to 1.3). These data

Table 1. Patient Demographics.

iPad (N = 56) VR (N = 50) Total (N = 106) P-value

Age enrolled
Mean (SD) 12.313 (3.267) 12.195 (3.229) 12.257 (3.234) .852

Age range
7-12y 31 (55.4%) 29 (58.0%) 60 (56.6%) .784
13-18y 25 (44.6%) 21 (42.0%) 46 (43.4%)

Gender
Male 30 (53.6%) 30 (60.0%) 60 (56.6%) .505
Female 26 (46.4%) 20 (40.0%) 46 (43.4%)

Pre-op STAI
Mean (SD) 39.506 (12.925) 36.596 (13.588) 38.137 (13.255) .271

Pre-op FLACC
Mean (SD) .35 (±.98) .28 (±1.1) .32 (±1.0) .781

Surgery type
Spine surgery 5 (8.9%) 3 (6.0%) 8 (7.5%) .225
General surgery 29 (51.8%) 31 (62.0%) 60 (56.6%)
Other orthopedic surgery 18 (32.1%) 16 (32.0%) 34 (32.1%)
Burn surgery 4 (7.1%) 0 (.0%) 4 (3.8%)

Demographics for all enrolled patients, preoperative anxiety, and pain scores. VR, virtual reality; SD, standard deviation; STAI, State Trait Anxiety Scale;
FLACC, Face, Legs, Activity, Cry, Consolability score.
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demonstrate that younger patients are more likely to have
a decrease in FLACC score, regardless of the intervention
used compared to older patients.

Withdrawals. There was no statistically significant dif-
ference in withdrawal percentage between the two study

arms. After adjusting for treatment group, gender, and
STAI, the odds of withdrawal for younger patients are
1.18 that of older patients (P = .021; CI, 1.0 to 1.4;
Table 4). While difficult to track, there seemed to be great
variability in nursing and caregiver desire to engage and
encourage younger patients to start using the devices,

Table 3. Opioid Use.

Opioids for all enrolled study patients—completed vs withdrawn

Completed (N = 73) Withdrawn (N=33) Total (N = 106) P-value

Opioids not given 39 (53.4%) 13 (40.6%) 52 (49.5%) .227
Opioids given 34 (46.6%) 19 (59.4%) 53 (50.5%)

Opioids for all enrolled study patients—iPad vs virtual reality

iPad (N = 40) VR (N = 33) Withdrawn (N = 33) Total (N = 106) P-value

Opioids not given 22 (55.0%) 17 (51.5%) 13 (40.6%) 52 (49.5%) .462
Opioids given 18 (45.0%) 16 (48.5%) 19 (59.4%) 53 (50.5%)

Opioids for all completed study patients—iPad vs virtual reality

iPad (N = 40) VR (N = 33) Total (N = 73) P-value

Opioids not given 22 (55.0%) 17 (51.5%) 39 (53.4%) .766
Opioids given 18 (45.0%) 16 (48.5%) 34 (46.6%)

Opioid use data for patients enrolled in the study. VR, virtual reality.

Table 2. Study Completion Data Without Stratification.

iPad (N=40) VR (N=33) Overall (N=73) P-value

Pre-op STAI score
Mean (SD) 38 (±12) 36 (±12) 37 (±12) .419
Pre-op FLACC score

Mean (SD) .35 (±.98) .28 (±1.1) .32 (±1.0) .781
Change in FACES value (post and pre)

Mean (SD) 2.3 (±4.3) 2.5 (±3.4) 2.4 (±3.9) .821
Change in VAS value (post and pre)

Mean (SD) 3.1 (±4.4) 3.2 (±2.9) 3.1 (±3.8) .932
FLACC1

Mean (SD) 1.103 (1.465) .567 (1.716) .870 (1.590) .167
FLACC final

Mean (SD) .487 (1.121) .548 (1.710) .514 (1.401) .857
Change in FLACC1 from baseline

Mean (SD) �1.194 (2.240) �2.267 (2.348) �1.682 (2.335) .063
Change in FLACC2 from baseline

Mean (SD) �2.037 (2.794) �2.167 (2.572) �2.089 (2.678) .876
Change in FLACC3 from baseline

Mean (SD) �2.438 (3.464) �1.917 (2.109) �2.214 (2.923) .650
Change in FLACC over total intervention from baseline

Mean (SD) �1.722 (2.835) �2.387 (2.362) �2.030 (2.628) .305

Anxiety and pain scores for all completed study patients, prior to stratification. VR, virtual reality; SD, standard deviation; STAI, State Trait Anxiety Scale;
FLACC, Face, Legs, Activity, Cry, Consolability score; FLACC1 – FLACC score after 10 minutes of device use; FLACC2 – FLACC score after
20 minutes of device use; FLACC3 – FLACC score after 30 minutes of device use; FACES, Wong-Baker FACES Pain Rating Scale; VAS, Visual
Analog Scale.
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compared to older patients. Parents of the younger pa-
tients seemed more eager to make decisions about length
of use of the devices based on subjective discomfort or
enjoyment. For patients that had prolonged emergence
from anesthesia, data were unable to be gathered, thereby
excluding them from the analysis.

Gender. Patients were able to ask for pain medications, but
to help minimize subjectivity, opioid medications were
offered to all patients with pain scores >4 (0-10 scale),
FLACC score >4 (0-10 scale), or FACES score >2 (0-10

scale), correlating with moderate-to-severe pain, which are
routine criteria for postoperative as-needed opioid admin-
istration orders. There were no statistically significant dif-
ferences when comparing age, gender, or STAI between the
two groups, and there were no significant differences in pain
scores between males and females.

Post Hospitalization

The PHBQ-AS score at 72 hours showed no difference in
iPad and VR group (P = .409). Unfortunately, 74 patients

Table 4. Regression Analysis: Adjusted Odds Ratios and P-Values.

Variable Odds ratio Confidence interval P-value

FLACC1a VR vs iPad 3.24 (1.215, 10.490) .024
Age 1.17 (.9996, 1.372) .056
Female vs male 1.114 (.401, 3.067) .833
STAI 1.024 (.984, 1.065) .24

FLACC finala VR vs iPad 1.17 (.363, 4.008) .791
Age 1.16 (.969, 1.42) .117
Female vs male 1.222 (.373, 3.949) .735
STAI 1.037 (.992, 1.084) .112

Change in FLACC1 from baselinea VR vs iPad 2.95 (1.187, 7.564) .021
Age 1.162 (1.012, 1.34) .035
Female vs male 1.42 (.581, 3.51) .441
STAI 1.006 (.973, 1.041) .708

Change in FLACC2 from baselinea VR vs iPad 1.68 (.554, 5.183) .362
Age 1.22 (1.028, 1.455) .026
Female vs male 1.1 (.373, 3.283) .857
STAI 1.002 (.963, 1.044) .907

Change in FLACC3 from baselinea VR vs iPad 5.23 (.977, 27.95) .053
Age 1.677 (1.261, 2.23) .0003
Female vs male 4.13 (.895, 19.062) .069
STAI 1.01 (.959, 1.065) .703

Change in FLACC over total intervention from baselinea VR vs iPad 2.24 (.91, 5.61) .082
Age 1.15 (1.005, 1.322) .044
Female vs male 1.418 (.586, 3.468) .44
STAI 1.018 (.983, 1.054) .32

Opioid usageb VR vs iPad 1.793 (.622, 5.467) .288
Age 1.065 (.911, 1.252) .429
Female vs male 4.9 (1.731, 15.07) .004
STAI 1.048 (1.008, 1.094) .023

Withdrawalsb VR vs iPad 1.451 (.597, 3.575) .412
Age 1.182 (1.03, 1.373) .021
Female vs male 1.442 (.585, 3.578) .425
STAI 1.0002 (.967, 1.035) .99

Pre-FACES valuea VR vs iPad 1.499 (.516, 4.482) .459
Age 1.066 (.913, 1.249) .417
Female vs male 1.761 (.61, 5.337) .302

Post-FACES valuea VR vs iPad 1.035 (.418, 2.552) .939
Age 1.029 (.891, 1.189) .698
Female vs male 1.674 (.658, 4.308) .281

Pain scores, opioid use and withdrawals for all completed study patients, stratified by study arm, age, gender and STAI score. VR, virtual reality; STAI,
state trait anxiety Scale; FLACC, face, legs, activity, cry, consolability score; FLACC1 – FLACC score after 10 minutes of device use; FLACC2 – FLACC
score after 20 minutes of device use; FLACC3 – FLACC score after 30 minutes of device use; FACES–Wong-Baker FACES Pain Rating Scale;14
aOrdinal Regression
bLogistic Regression.
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were lost to follow-up in the 2-3-day follow-up period and
86 were lost to follow-up in the 7-10-day period. Despite
this, there was a significant statistical difference in the
PHBQ-AS score between the groups at 7-10 days (P =
.006).

Discussion

The VR headset was more effective in decreasing pain
scores in the PACU during the immediate postoperative
period. In this cohort, younger patients benefited more
from intervention and saw the greatest and most signif-
icant decrease in FLACC score when the device was used
for 20-30 minutes. The increased odds of withdrawal for
younger patients suggests that despite evidence that
younger patients benefit more from using VR in the
immediate postoperative period, more barriers exist for
them to consistently use the device. This outcome
highlights the importance of guardian and nursing en-
gagement in facilitating non-pharmacological methods in
the PACU. The study team collected qualitative data for
each intervention, and it was widely documented that
children were more receptive to engaging with the device
when paired with guardians and providers who reminded
and encouraged them to do so.

While variability of parental and nurse engagement is
a limitation of this study, it reflects the varied engage-
ment that would occur if VR were translated to standard
of care in a PACU. Due to the broad inclusion and
exclusion criteria, as well as the decision to not stan-
dardize the medical team or caregiver contact in the
PACU, these data model a hypothetical implementation
of VR as distraction therapy in a large, high-flow pe-
diatric PACU. Due to the relatively large size of the
randomized cohort, this variability should not skew
distribution of data in either arm.

There was no significant difference between the two
arms for length of PACU time until readiness for dis-
charge, measured from initial Aldrete score until bedside
nursing evaluation of an Aldrete of 9 or 10.17 No adverse
events were reported during any phase of this study.
Because many patients were lost to follow-up, these re-
sults only represent a small fraction of the total enrollment
population. Despite this, the lack of adverse events in the
10-day post-discharge period provides important insight
into the safety of using VR in the immediate postoperative
period. This highlights the potential need for further, and
more focused, exploration of the utility of VR post-
operatively in pediatrics.

The Centers for Disease Control reports that half of
opioid overdoses are a result of prescription medications.4

This potential was supported by prior research that sug-
gested the use of VR in tandem with analgesics is a more
effective method of pain management than analgesic
methods alone, in the pediatric acute burn patient

demographic.18 Implementation of VR as a clinical dis-
traction intervention can be beneficial for patient care by
enhancing the clinical experience through the reduction of
procedural anxiety and pain perception, but additional
follow-up studies need to be done to determine if VR use
can help to decrease the overuse of opioids postoperatively.

Limitations

Randomized trials typically account for bias and other
confounding factors. Given that our study did not have
a power calculation for determining the most appropriate
study size, and that this study was prematurely ended due
to COVID-19 (106 enrolled, goal of 150), bias may have
been introduced at various stages of the study. The study
was voluntary, so self-selection bias may have influenced
enrollment. High anxiety patients and families may have
been less likely to electively participate in this study. The
self-reporting of anxiety and pain scores may vary by
child, given their previous exposure to pain, de-
velopmental upbringing, and several confounding social
factors. Since assessing and measuring anxiety and pain
levels was part of data analyses, this may have presented
influencing factors to the sample population. For these
concerns, the VAS was given to guardians (pre-op and
post-op) to more accurately determine and confirm
self-reported scores of the patients. Also, the FLACC
assessment collected by the research assistants uses ob-
jective, well-defined categorical pain scales.

Multiple research assistants conducted the study, and
despite all having received the same study preparation and
training, this may have introduced bias at any stage of the
research. Similarly, the study did not control which nurses
received the research patients upon entry to PACU.
Anxiety and pain can be altered by a patient’s comfort
within their clinical environment and care providers,
thereby influencing our results. However, this study at-
tempted to reduce biases by proper training of nurses and
research assistants.

Given this study’s broad scope, we could not determine
which surgery subset benefits most from the intervention.
We currently have a more focused investigation underway
for adolescents with idiopathic scoliosis undergoing poste-
rior spinal fusion, comparing the VR device to SOC and
evaluating pain scores and opioid use postoperatively. Future
investigations may require a limited group of trained nurses
caring for patients undergoing a single type of surgery.
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