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Abstract

Background: Preoperative anxiety is a common yet often neglected problem for patients undergoing surgery. Virtual reality
(VR)-based intervention is a promising alternative with benefits for managing preoperative anxiety. However, the components
of VR-based intervention and its effectiveness on preoperative anxiety in patients undergoing elective surgery with anesthesia
remain unclear.

Objective:  This study aimed to identify the major components (ie, device, medium, format, and duration) of VR-based
interventions and summarize evidence regarding their effectiveness in reducing preoperative anxiety in patients undergoing
elective surgery with anesthesia.

Methods: Allied and Complementary Medicine, Chinese University of Hong Kong Full Text Journals, CINAHL viaEBSCOhost,
Cochrane Library, Joanna Briggs Institute EBP Database, EMBASE, MEDLINE via OvidSP, PubMed, PsychINFO, Scopus,
ChinaJournal Net, and WanFang Data Chinese Dissertations Database were searched from inception to February 2025. Randomized
controlled trials (RCTs) of VR-based interventions for patients undergoing elective surgery with anesthesia were included. The
Cochrane Collaboration’s tool was used for risk of bias assessment. A random effect model was used for pooling the results.

Results: A total of 35 RCTswith 3341 patients (female: n=1474, 44.1%) were included in this review, of which 29 RCTswere
included for meta-analysis. Compared with usual care, VR-based interventions showed substantial benefits in decreasing
preoperative anxiety in patients undergoing elective surgery (standardized mean difference [SMD] 0.65, 95% CI 0.37-0.92;
P<.001). Regarding the subgroup analysis, V R-based intervention showed significant but moderate effects on preoperative anxiety
inthe pediatric population (SMD 0.77, 95% Cl 0.32-1.22; P<.001) compared to the adult population (SMD 0.58, 95% CI 0.23-0.93;
P=.001). The distraction approach showed more significant effects (SMD 0.73, 95% CI 0.24-1.21; P=.004) on preoperative
anxiety than the exposure approach (SMD 0.61, 95% CI 0.27-0.95; P<.001).

Conclusions: Patients undergoing elective surgery with anesthesia may benefit from VR as a novel aternative to reduce
preoperative anxiety, especially pediatric patients via the distraction approach. However, more rigorous research is needed to
confirm VR's effectiveness.
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Introduction

Preoperative anxiety comprises subjective emotional, cognitive,
and physiological responses triggered by the stressful event of
surgery [1]. The incidence of preoperative anxiety is estimated
to range from 11% to 80% [2,3]. The preoperative anxiety
experienced by presurgical patients is usualy induced by
concerns about general health and uncertainty regarding the
outcomes of the surgery, the type of surgery and anesthesia,
pain and discomfort after the surgery, thefeeling of helplessness,
loss of independence, and fear of mortality [4]. Pediatric patients
also experience preoperative anxiety due to separating from
their parents and fear of the unknown, and they manifest their
preoperative anxiety in many ways, including crying, attempting
to escape from the medical health care professionals, and
refusing surgery [5]. Preoperative anxiety induces hypertension
and increases the heart rate [6]. The increase of adrenaline,
norepinephrine, and plasma cortisol caused by preoperative
stress suppressesthe patients’ immunol ogical responses, making
them vulnerable to diseases and other postoperative
complications, such as nausea, vomiting, respiratory distress,
and heart attack [7,8], influencing postoperative recovery and
treatment satisfaction [9,10]. These detrimental impacts
underscore the urgent need for effectiveinterventionsto reduce
preoperative anxiety.

Pharmacological interventions, such as administering sedatives
and antianxiety drugs, have been demonstrated as not the best
solution for managing preoperative anxiety [11,12], and they
could result in negative consequences [11,13,14]. Studies have
suggested that distraction [15], clown therapy [16], handheld
video games [17], and audio-visua interventions [18] could
effectively reduce preoperative anxiety in children. However,
there is limited evidence regarding nonpharmacological
alternative interventions in the adult population. Furthermore,
music therapy has shown its efficacy on preoperative anxiety
[19], however, the requirements for specialized training and
potential risks of increasing the workload of health care
professionals limit its generalizability and replicability.
Additionally, traditional educational interventions have had
controversia results [20,21], as traditional interventions may
be dependent on variability in individual responses, and they
thus may not be sufficient for patients with severe anxiety
[22,23]. Considering the limitations, it isimperative to consider
alternative means to effectively manage preoperative anxiety
in this population.

Virtual redity (VR) is a digital simulation of a
computer-generated situation or environment where orientation
and 3D interaction are possible [24] by means of extremely
sophisticated interfaces. When applied in patients undergoing
elective surgery, VR technology may have the ability to
modul ate subjective experience during the perioperative periods,
whereit may be used to offer respite from stressful or confining
environments, such as hospital wards or surgical departments,
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or as a distraction from chronic or procedural pain or anxiety
[22,25]. The VR-based interventions used 2 main approaches
for managing anxiety: the distraction approach and the exposure
approach. The distraction approach assumes that a limited
amount of information can be processed at a time by an
individual. As the VR creates a distraction by predominantly
recruiting the individual to a specific attention task, their
attention to anxiety can be restricted [26-28]. Meanwhile, the
exposure approach is effective in managing anxiety-inducing
conditions by exposing the individual to virtual experiences of
the distressing environment prior to real-life exposure to the
environment so that avoidance and resistance to the
anxiety-inducing environment can be reduced [29-33]. Although
VR exposure has shown promise for preparing patients for
anxiety-provoking medical procedures[34], the evidence of its
potential benefits as a preparatory tool compared to other
mediumsin specific medical procedures (ie, preoperative anxiety
during perioperative periods) requiresfurther investigation [35].

Several systematic reviews and meta-analyses [22,36-38] have
been conducted, and the results suggested positive results in
managing preoperative anxiety by providing information and
exposing patients to the virtual environment of the operating
theatre or providing distractive intervention through VR
technology. However, al these reviews were conducted with
adolescents and children, which may limit the generalizability
of the results on different age group populations. Koo et al [39]
conducted a systematic review and demonstrated the effects of
VR on preoperative anxiety in the pediatric and adult population.
However, the necessary components of VR intervention
development (ie, VR device, VR intervention procedure,
duration, medium, and control group contents) were not
systematically summarized, and the efficacy of VR intervention
via different mediums (ie, exposure or distraction) remains
unclear. Another updated systematic review illustrated the
efficacy of VR in the adult population [40], but a systematic
synthesis of the components of VR is still lacking. Although
the effectsof VR mediums (ie, VR distraction and VR exposure)
were examined in adults; to minimizeintervention heterogeneity,
this study only analyzed the 2 VR interventions separately
without using subgroup analysis for comparison. Additionally,
the effect of VR on different age groups (ie, children vs adults)
remainsto be clarified. Thus, summarizing the current evidence
isimperative for adopting thisnovel intervention to addressthis
prevailing problem in surgical patientsin alocal setting.

This review aimed to identify the effects of VR-based
interventions on reducing preoperative anxiety in patients
undergoing elective surgery with anesthesia and identify the
major components (ie, device, medium, content, format, and
duration) of VR-based interventions for this popul ation.
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Methods

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines [41] were adopted for
this review for problem identification, literature search, data
analysis, and evaluation and summary of theresults (Multimedia
Appendix 1).

Search Strategy

An exhaustive search was conducted on 11 el ectroni ¢ databases,
including Allied and Complementary Medicine, Chinese
University of Hong Kong Full Text Journals, CINAHL
Complete via EBSCOhost, Cochrane Library, Joanna Briggs
Ingtitute EBP Database, EMBASE, MEDLINE via OvidSP,
PubMed, PsychINFO, Scopus, ChinaJournal Net, and WanFang
Data Chinese Dissertations Database from their inception until
February 2025. The search was further supplemented with
bibliographies, Google searches, and manual searches of
referencelists of relevant or similar studiesto extend the search
areas. The publication languages were restricted to English,
traditional Chinese, or simplified Chinese. We aimed to ensure
aglobally representative literature review by including diverse
databases, particularly those focusing on Asian research (ie,
Chinese University of Hong Kong Full Text Journals, China
Journal Net, and WanFang Data). We applied strict inclusion
criteriato select high-quality studies, aiming to highlight diverse
perspectives on VR interventions in the context of cultural
diversity. We intentionally included dissertation databases to
gain insights into preliminary research and innovative
interventions not yet published in peer-reviewed literature. The
searching strategy with search termsis presented in Multimedia
Appendix 2.

Eligibility Criteria
Inclusion Criteria

Inclusion criteria were as follows: (1) randomized controlled
trials (RCTs), (2) patients undergoing anesthesia for elective
surgery, (3) studies investigating the effects of VR-based
interventions via a head-mounted display (HMD) with either
fully immersive 3D computer-generated environments or 360°
videosin surround stereoscopic vision, (4) the comparison group
could be usual care or other interventions, and (5) preoperative
anxiety was investigated either as a primary or a secondary
outcome.

Exclusion Criteria

The following types of studies were excluded: (1) protocol
studies, conference proceedings, reviews, or abstracts, (2)
nonpreoperative interventions, such as intraoperative and
postoperative interventions; (3) simulation interventions, such
as interventions with visual and audio stimulation but no
interaction between the user and the computer-generated world;
and (4) nonclinical settings, such asin asimulation laboratory
setting and studies with participants who would not undergo
surgery with anesthesia.

Screening

Two researchers (HL and PLC) independently screened titles
and abstracts of retrieved studies and deleted irrelevant and
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duplicated studies. Full texts of the potential studieswere then
screened for eigibility by the 2 researchers (HL and PLC). A
third researcher (CLW) resolved any disagreement.

Data Extraction

The data extracted from each eligible study included author,
year of publication, the origin of study, type of surgery, sample
size, sex, the mean age of the population, VR devices, the
approach used in VR, intervention characteristics (ie, duration),
control, measurement tool for preoperative anxiety, and key
findings using a standardized data extraction form.

Quality Assessment

The quality of the included studies was evaluated by 2
independent appraisers (PLC and CLW) using the Cochrane
Risk of Biastool for assessing the risk of bias [42], in which
the methodological quality of the trials for randomization
seguence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other biases
were evaluated as either “low risk,” “high risk,” or “unclear.”
Any disagreements were resolved by athird researcher (HL).

Statistical Analysis

The meta-analysis was conducted to pool data of the same
outcome measured in 3 or more RCTs using Review Manager
(version 5.4; The Cochrane Collaboration) for MacOS.
Otherwise, anarrative synthesiswas conducted. A random effect
model was used for pooling the results and showing conservative
summary effect estimates [43]. The mean score and SD for
preoperative anxiety in theincluded studieswere extracted from
them. Asdifferent measurement toolswere used in theincluded
studies, the effect size for preoperative anxiety was analyzed
using the standardized mean difference (SMD) and 95% ClIs.
Meanwhile, the means and SD of 3 studies [24,44,45] were
calculated from median values and IQRs[46]. A positive effect
size was adopted if the VR-based interventions reduced more
preoperative anxiety than the control. Other nonpreoperative
anxiety outcomes, such as satisfaction scores and behavioral
outcomes, were not extracted for the metaanalysis.
Heterogeneity was evaluated using the Cochran Q test and the
1% statistic. A Cochran Q test result with a P<.10 means
statistically  significant  heterogeneity. The extent of
heterogeneity was assessed through |2 statistics, and 75%, 50%,
25%, and 0% indicated high, moderate, low, or no heterogeneity,
respectively [47]. In this review, subgroups were formed
according to the type of population (adult or children) and
intervention approach (distraction or exposure).

Results

Overview

The combined search yielded 1679 records. Duplicate records
were excluded during theinitial screening, which yielded 1019
studiesfor subsequent screening. Based on theinformation from
their titles and abstracts, 902 studies were excluded, and 117
studies were retrieved in full-text format to assess their
compliance with theinclusion and exclusion criteria. A total of
82 studies were excluded after full-text screening because of
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non-RCT studies (n=22), noninterventional studies (n=10),
nonoperative intervention studies (n=32), non-VR intervention
studies (n=6), commentaries (n=4), and irrelevant studies (n=8).
Subsequently, a total of 35 studies were included for quality
appraisal. A total of 29 studies were included for data analysis,
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of which 5 studies were excluded because of incomplete data.
Although Chinse databases and dissertation databases were
searched, no eligible Chinese-language studies or dissertations
were ultimately identified for inclusion in this review. The
search processis presented in Figure 1.

Figurel. PRISMA 2009 flow diagram of the literature search process. PRISMA: Preferred Reporting Itemsfor Systematic Reviewsand Meta-Analyses,

RCT: randomized controlled trial; VR: virtual reality.
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Figure 2 summarizes the risk of bias in the included studies.
The overall quality of evidence of the studies included was
moderate due to the randomization process and concealed
allocation. Eight studies were assessed to have a high risk of
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reported results [30,49-54]. Noben et a [55] did not provide
information on the blinding of outcome assessment and the
potential threat of detection bias cannot be mitigated. |n addition,
research participants cannot be blinded to most VR-based
interventions, so they are aware of the study group assignment.
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Figure2. Summary of risk of bias of included studies. [24,30,44,45,48-78].
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Figure 3. Random effect meta-analysis for the effect of VR-based intervention on preoperative anxiety. VR: virtual reality. [24,44,45,48,51,55-78].
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Characteristics of the Studies

Multimedia Appendix 3 [24,30,44,45,48-78] presents the
characteristics of the studies. The 35 included RCTs were
conducted between 2017 and 2025 and originated from Australia
(n=2) [51,56], China(n=3) [57-59], Finland (n=1) [60], France
(n=1) [61], Germany (n=1) [50], Hong Kong (n=1) [62], Iran
(n=3) [30,63,64], Ity (n=1) [65], Korea (n=7)
[44,45,49,53,54,66,67], the Netherlands (n=4) [24,55,68,69],
Spain (n=2) [52,70], Turkey (n=4) [48,71-73], and the United
States (n=5) [74-78]. All studies were published in English.

Characteristics of the Participants

A total of 3341 participants were included in this review
(female: n=1474, 44.1%). The sample size of recruited
participants in each study ranged from 20 to 255. A total of 13
studiesincluded atotal of 1163 child participants (younger than
18 years), and 22 studies had atotal of 2178 adult participants.
A total of 13 studies involved patients undergoing genera
elective surgery [44,45,49,54,56,59,62,65-67,70,72,77], and
the other 12 studies involved patients undergoing abdominal
(n=6) [30,52,55,58,63,73] and heart surgery (n=6)
[48,50,61,64,68,69]. Another 10 studiesinvolved patients with
diverse surgery types, including knee surgery (n=3) [51,53,77],
dental surgery (n=2) [24,60], thoracic surgery (n=2) [25,78],
cranial and spine procedures (n=1) [74], vascular surgery (n=1)
[57], and circumcision (n=1) [57]. Detailed characteristics of
participants of the eligible studies are shown in Multimedia
Appendix 3 [24,30,44,45,48-78].
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Characteristics of the I nterventions

Devices Used in the VR I nterventions

Studiesused avariety of VR devices. A total of 23 studies used
computer-connected VR HM Dswith built-in display units. Most
studies adopted the Oculus series VR devices (n=9; ie, Oculus
Rift [44], Oculus Go [54,56,69,72], Oculus Quest 2 [50,58,62],
and unclear Oculus series [74]), followed by using the
unmentioned brand HMD (n= 4) [30,61,65,78], the HTC Vive
HMD (n=3) [24,53,77], and PICO G2 (n=2) [66,68]. The other
12 studiesthat used VR HMDs required additional smartphone
devicesasdisplay units, including the Samsung Gear VR device
(n=8) [45,48,49,51,60,70,75,76] and an unmentioned brand of
VR eyeglasses (n=4) [55,63,64,71].

Approaches and Content of VR | nterventions

In total, 10 studies adopted the distraction approach of VR
interventions by distracting adult participants using virtual
landscapes [48,51,58,60,61,63,73,75,77,78], while 3 studies
adopted the distraction approach in children [65,71,76]. A total
of 22 studies adopted the exposure approach of VR
interventions: 10 studies [24,30,44,45,49,54,59,67,70,72]
exposed child participants to the operating theatre environment
with a VR tour, while 12 studies
[50,52,53,55-57,62,64,66,68,69,74] exposed adult participants
to information related to surgeries.

Thestoryline developed in thevirtual environment variesin the
included studies. Among the 13 studies that adopted the
distraction approach, 3 studies adopted 2 relaxing VR
environments (ie, walking in the forest and water skiing) [71],
a 5-minute movie with 3D interaction [65], and gaming with
an animated animal [76] for children. Regarding adult
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populations, 6 studies contained different optional landscapes
and nature sceneswith natural sounds[58,61,63,78] or relaxing
music [60,73]. Three studies created a single nature scenario
with natural sounds [48,77] or a narrated progressive muscle
relaxation technique [51]. Only Hendricks et al [75] devel oped
a nornviolent game in which patients could move their heads
and visual gazesto target objectsin an energetic cartoon world.

A total of 22 studies described the virtual environmental
storyline using the exposure approach. For child populations,
3 studies simply described the virtual environment devel oped
in their studies, which included preoperative and postoperative
experience for the day of the surgery [72], steps of going to the
operating room [30], and a VR-guided tour of the operating
theater [49]. The other 7 studies explained the detailed
preoperative preparation process to children in a friendly
manner. The storyline began in the holding area after admission,
then transported into the corridor to the operating theatre, during
the operating room, and ended in the recovery room
[24,44,45,54,59,67,70]. Among these, 2 studies developed 2
versions for children of 2 different age ranges to attune
explanations to a child’s developmental level [24,70]. Three
studies created a cartoon penguin, acting as a pediatric patient,
to introduce and explain the perioperative preparation process
[45,54,67]. Ryu et a [44] and Wu et a [59] explained the
preoperative process and general anesthesia induction via a
game and an adventure story, respectively.

As for adult populations, only 1 study simply described the
virtual environment developed in the study [74], the other 7
studies explained detailed storylines simulating the entire
journey of the perioperative process, including comprehensive
elements of the real-world environment at the hospital, featuring
the preoperative admission suite, preanesthetic bay, operating
theatre, postoperative recovery room, and medica staff
[52,56,62,64,66,68,69]. Another 4 studies provided additional
descriptions of the virtual environment in the storyline. Noben
et a [55] provided comprehensive VR videos for women
undergoing cesarean delivery, including admission to the ward,
the operating room, placement of spinal analgesia, and to the
birth of the baby when the gynecologist liftsthe baby abovethe
sterile environment. Besides a preoperative VR experience for
patients expected to undergo el ective arthroscopic knee surgery,
avirtual environment describing the anatomy of the knee, as
well as their own lesion of interest in need of arthroscopic
procedure was provided by Yang et al [53]. Grab et a [50] also
developed a VR app allowing the selection of aspecific surgical
procedure subseguently loading the respective presentation to
the user’sview. Additionally, Liu et a [57] created aVR video
consisting of 3 parts, including an introduction to the operation
room, a patient interview, and a scenic tour.

Duration of the VR I nterventions

Among the 13 included studies adopting a distraction approach,
except that unspecified duration was adopted by 3 studies
[48,60,76], the average duration of the other 10 studies was
10.85 minutes, ranging from 4.5 [71] to 20 minutes[61,75]. Of
the 22 studies implementing exposure approach interventions,
only 3 studies[53,62,72] did not specify the duration; the other
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19 studies had an average duration of 8.22 minutes, ranging
from 3 [56] to 21.60 [50] minutes.

Characteristics of the Control Groups

All participants in the control groups received care as usual in
the included 35 studies. “Care as usuad” in 24 studies referred
to providing standard preoperative information. Nine studies
used various mediums to provide preoperative information,
such as video (n=6) [51,64,67,74,77,78], 3D printed models
(n=1) [50], tablet-based games (n=1) [ 75], and multiple mediums
(n=1) [57]. The care as usua in another 2 studies referred to
parents of patients touching and caring for their children [30]
or no intervention [60].

Characteristics of the Outcomes

Different measurement toolsfor preoperative anxiety were used
among the included 35 studies. For the 13 studies conducted in
children, most studies adopted either the Yale Preoperative
Anxiety Scale [30] or the modified Yale Preoperative Anxiety
Scale (n=9) [24,44,45,49,54,59,67,70,76]. For studies conducted
in adult populations, the commonly used tools included the
State-Trait Anxiety Inventory (n=9)
[50,52,57,63,64,68,75,77,78], the Amsterdam Preoperative
Anxiety and Information Scale (n=6) [53,62,66,68,69,74], Visual
Anaogue Scale (n=6) [48,50,55,56,61,77], and Hospital Anxiety
and Depression Scale (n=3) [51,52,58]. Four studies adopted 2
different scales to evaluate preoperative anxiety in adults
[50,52,68,77].

Apart from measuring preoperative anxiety, theincluded studies
also assessed the impact of VR-based interventions on other
outcomes, including physiological indicators, physical
symptoms, psychological symptoms, behavioral problems, and
other outcomes. Physiological parameters like pulse [65],
respiratory rate[77], systolic and diastolic blood pressure[51],
and galvanic skin response [51] were assessed in 4 studies.
Physical symptoms evaluated in theincluded studies were pain
(n=10) [24,53,58,59,62,63,70-72,77], sleep qudity (n=2)
[57,58], and postoperative complications (n=5) [ 24,58,59,70,75].
The commonly assessed psychol ogical symptomsincluded fear
(n=2) [48,71], stress (n=5) [53,55,62,65,74], satisfaction (n=14)
[44,50,53,57,59,61,62,66-68,70,72,74,76], preparedness (n=3)
[53,62,74], and self-efficacy [57]. Behaviora (n=6)
[24,44,45,49,59,77] and other outcomes (ie, length of hospital
stay [62,75]) were also evaluated.

The assessment time points varied among the included studies.
Most studies evaluated preoperative anxiety at pre- and
postintervention (n=29) [30, 44, 45, 49-55, 57, 58, 60, 61, 63-75,
77, 78]. Another 6 studies evaluated preoperative anxiety at 3
time points before surgery (n=1) [62], and before (n=2) [48,56]
or during (n=3) [24,53,76] induction of anesthesia.

Effectsof the VR-Based | nterventionson Preoper ative
Anxiety

Figure 3 summarizes the effects of VR-based intervention on
preoperative anxiety involving 29 RCTs. According to the
meta-analysis shown in Figure 4, the overall pooled effect size
for both the adult and child populations was moderate (SMD
0.65, 95% CI 0.37-0.92; P<.001), indicating the substantial
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benefit of VR-based interventions compared to the usual care
experienced by the control group, but with considerable

heterogeneity (1=91%; P<.001).
Among the adult population, the pooled effect size was also
moderate, which indicated the beneficia effect of the VR-based

interventions (SMD 0.58, 95% CI 0.23-0.93; P=.001; 1°=92%).
With regard to the child population, the pooled effect size was

medium (SMD 0.77, 95% Cl 0.32-1.22; P<.001; 1%=91%),

Lietal

suggesting the significant effects of the VVR-based interventions
compared to care as usua (Figure 4).

According to the subgroup analysis of the intervention
approaches depicted in Figure 5, the distraction approach
showed amore significant effect (SMD 0.73, 95% Cl 0.24-1.21;

P=.004; 12=90%) than the exposure approach (SMD 0.61, 95%
Cl 0.27-0.95; P<.001; 12=92%).

Figure 4. Random effect meta-analysis for the effect of intervention on adults and children [24,44,45,48,51,55-78]. VR: virtua reality.

VR Group Control Group Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.1.1 Adult
Fohertson 2017 -1.6 2.33 3o -032 183 a0 34% -063[1.15,-011]
Hendricks 2020 0.3 0.26 10 04 0z 10 2.8% -0.41 [-1.30, 0.48] —
Moben 20149 -1.4 235 49 08 1M 43 3E% -0.29[-0.68, 0.11] T
Larsson 2023 -0.33 222 Ta 033 267 78 IT% -0.27 [-0.59, 0.09] ]
el Mathari 2024 -1.49 11.87 49 -0497 916 a1 36% -0.09[-0.48, 0.30] -1
Subramaniam 2024 3 136 a0 267 1002 50 3E% 0.04 [-0.36,0.43] T
Amiri 2023 17.2 58.449 132 BT 0 34% 0.08[-0.41, 060 -
Lahti 2020 1 44 129 03 475 126 3.8% 0.14[-0.09, 0.40] T
Schmid 2024 0.4 1.96 34 o 222 33 3.5% 0.24 [-0.24,0.72] -1
Liu 2023 7.8 944 a5 54  8.04 52 3E% 0.26[-0.12,0.64] T
Alar 2024 0.46 1.87 45 069 192 45 36% 0.60[0.18,1.02] -
Abhasnia 2023 8.07 11.47130768 49 -343 183 a7 36% 0.75[0.34,1.17] -
Cudkerk Poal 2022 0.3 8.68 4 T3 9.9 i\ 33% 0.801[0.23,1.38] e
Ugras 2023 5.8 B.66 43 -0.7 B LX] 35% 1.02 [0.587,1.47] -
Wang 2024 5.24 4.42 48 -007 582 a7 36% 1.02[0.63,1.41] -
Chiu 2023 g 4.05 Iy 244 4723 F 0 34% 1.33[0.82,1.89] -
Prabhu 2024 18 0.86 9 02 124 9 4% 1.71[0.88,2.53] —
Bekelis 2017 0.7 16.38 G4 G608 1538 63 36% 1.93[1.51, 2.36] -
kwyon 2023 7.9z 1.78 40 285 124 40 31% 327 [2.59, 3.95] *
Subtotal (95% CI) 881 874 65.3% 0.58[0.23, 0.93] -
Heterogeneity: Tau®= 0.55; Chi*= 221.39, df= 18 (P = 0.000013; F= 92%
Testfor averall effect: 2= 3.22 (P =0.001)
1.1.2 Children
Turgut 2024 1.34 1.68 35 209 166 35 3.5% -0.44 [[0.82,0.03] |
Eijlers 2018 -14.43 19.86 94 1247 1622 47 38% -0.11 [-0.38,018] T
Park 20149 5 16.55 40 0AT 1684 0 35% 027017, 071] T
Fyu 2019 7.83 19.08 41 06 2222 38 3.5% 033011, 0.77] 1T
Buyuk 2021 -2.46 222 40 -4 2096 38 3.5% 0.58[0.13,1.04] —
Carbd 2024 5.4 1682 120 -T2 1587 1M 38% 0.88[0.71,1.29] —_
Fyu 2018 2587 1353 34 94 1548 35 34% 1.12[0.61,1.63]
Wy 2022 a T 81 -1423 1405 48 36% 1.26[0.82, 1.649] I
Jung 2021 a T.41 33 -16.7 1506 T 3d% 1.37[0.84,1.89] e
Esposito 2022 4.6 0.4 20 218 107 20 27% 2.97 [2.05, 3.90] —*
Subtotal (95% CI) 508 510 34.7% 0.77 [0.32, 1.22] il
Heterogeneity: Tau®= 0.46; Chi*=100.04, df=9 (P = 0.00001); F= 91%
Test for averall effect Z=3.38 (P=0.0007)
Total {(95% CI) 1389 1384 100.0% 0.65 [0.37,0.92] S
Heterogeneity: Tau?= 0.50; ChiF= 325.72, df = 28 (P = 0.00001); F= 81% - & 7 1 1

Test for averall effect: Z= 4.65 (P = 0.00001)
Testfor subaroun differences: Chi*=043. df=1 (P=051. F=0%
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Figure5. Random effect meta-analysisfor the effect of interventions using the distraction and exposure approaches[24,44,45,48,51,55-78]. VR: virtua

reality.
VR Group Control Group Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Distraction
Abbasnia 2023 8.07 11.47130768 49 -343 183 47T 3E% 0.75[0.34,1.17]
Alkar 2024 17.2 G8.449 30 132 875 a0 34% 0.09 [-0.41, 0.60] - 1
Buyuk 2021 -2.46 222 40 -4 296 38 3.5% 0.58[0.13,1.04]
Esposito 2022 4.6 0.4 0 218 107 a0 27% 2.897 [2.08, 3.900 4
Jung 2021 a 741 33 167 1506 ar 34% 1.37 [0.84,1.89] —+
Larsson 2023 -0.33 222 7a 033 267 78 3T7% -0.27 [-0.59, 0.09] I
Frabhu 2024 1.8 0.96 9 -02 125 9 24% 1.71[0.59,2.89] —
Royu 2014 783 19.08 41 06 22322 3 35% 0.33[011,077] 1
Turgut 2024 1.34 1.68 35 209 166 35 3.5% -0.44 [[0.82,0.03]
Ugras 2023 5.8 B.6E 43 -0.7 B 43 3.5% 1.02 [0.57,1.47]
Subtotal (95% CI) 375 376 33.3% 0.73[0.24, 1.21] —ei i —
Heterogeneity: Tau®= 0.54; Chi®= 88.86, df= 9 (P = 0.00001); F=90%
Testfor averall effect: 2= 291 (P=0.004)
1.2.2 Exposure
Akar 2024 0.46 1.87 45 069 1492 45 36% 0.60[0.18,1.02]
Bekelis 2017 §0.7 146.38 G4 GOE 1538 63 3E% 1.893[1.51, 2.36] —+
Carbd 2024 8.4 1482 120 -7.2 1587 1M 3E8% 0.88[0.71,1.29] -
Chiu 2023 g 4.05 7 244 4323 a7 34% 1.33[0.82,1.83] —+
Eijlers 2019 -14.43 19.86 94 1247 1622 ar 3.8% -0.11 [-0.39,0.18] -1
el Mathari 2024 -1.49 11.87 49 -0487 816 51 3E% -0.09[-0.48,0.300 - 1
Hendricks 2020 0.3 0.26 10 0.4 0z 10 2.8% -0.41 [-1.30, 0.48]
kwyoh 2023 7.92 1.78 40 285 124 40 31% 327 [2.59, 3.95] 4
Lahti 2020 1 44 129 0.3 478 126 38% 0.145[-0.08, 0.400 T
Liu 2023 7.8 9.44 a5 54 904 52 36% 0.26 [-0.12, 0.64] T
Moken 20149 -1.48 2.35 49 0g 24 48 36% -0.29 [-0.69,0.11] - |
Cudkerk Poal 2022 0.3 8.68 4 T3 9.9 2\ 33% 0.801[0.23,1.39]
Park 20149 5 16.55 40 0AT 1684 0 35% 027017, 071] —
Fohertson 2017 -1.6 233 30 032 163 30 34% -063[1.15,-011]
Fyu 2018 2587 1353 34 94 1548 35 34% 1.12[0.61,1.63]
Schmid 2024 0.5 1.86 34 o 232 33 35% 0.24[-0.24, 073 ]
Subramaniam 2024 a1 136 a0 267 1002 a0 36% 0.04 [-0.36,0.43] -
Wang 2024 524 4.42 a8 007 582 ar 36% 1.02[0.63,1.41]
Wiy 2022 a 7T a1 -14.23 14048 48 3E% 1.26[0.82,1.69] —_—t
Subtotal (95% CI) 1014 1008 G6.7% 0.61[0.27, 0.95] il
Heterogeneity: Tau®= 0.51; Chi*= 236.26, df= 18 (P = 0.00001); F= 92%
Test for overall effect £=3.93 (F=0.0004)
Total (95% CI) 1389 1384 100.0% 0.65 [0.37,0.92] ““‘
Heterageneity: Tau®= 0.50; Chi*= 325.72, df= 28 (P = 0.00001}; F= 91% s & o5 4

Test for overall effect 7= 4.65 (P = 0.00001)
Testfar subaroup differences: Chif= 014 df=1 (P=0700. F=0%

Discussion

Principal Findings

To the best of our knowledge, this is one of the few
meta-analyses to explore the effectiveness of VR to reduce
anxiety in adult and pediatric populations simultaneously. We
used an extensive search process of 11 databases and strict
inclusion criteria for the included studies, so this study can be
considered to have made credible findings. Our systematically
summarized components of the VR interventions provide
insights into further VR intervention development for these
populations. The findings show that VR-based interventions
have substantial benefits in decreasing preoperative anxiety in
patients undergoing elective surgery with anesthesia, especially
for the pediatric population viathe distraction approach. Future
studies should develop tailored VR interventions for different
age populations with diverse needs.

The distraction approach should be adopted for pediatric
participants, as it offers the chance to reduce preoperative
anxiety by relaxing participants with a child-friendly virtual
version of the operating theater in which they can become
accustomed to the environment and procedures associated with
anesthesia and elective surgery [79]. As for the intervention
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Favours [VR] Favours [control]

contents, the included studies used diverse VR distraction
strategies, with pediatric interventions using immersive
environments (eg, animated games and nature exploration)
[65,71,76] and adult-focused approaches offering customizable
nature scenes paired with  auditory relaxation
[48,51,58,60,61,63,73,75,77,78]. On the other hand, the VR
exposure interventions predominantly featured step-by-step
guided tours of surgical procedures, with pediatric studies
tailoring narratives through age-adapted versions (eg, cartoon
penguin guides [45,54,67]) or gamified adventures [44,59] to
indicate perioperative workflows. Seven studies systematically
structured storylines from preoperative admission to
postoperative recovery. The majority of adult-focused VR
exposure interventions also comprehensively simulated the
perioperative journey through hospital environments.
Notwithstanding, few included studies designed the VR video
surrounding the whole perioperative period (ie, postsurgery
subprocesses). Regarding the aforementioned duration of the
reviewed interventions, the VR-based intervention could have
aduration of anywhere between 3 [56] and 21.60 [50] minutes.
Additionally, most studies adopted VR HMDs with built-in
display units or additional smartphone devices asdisplay units.
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With the evolution of VR technology into a smaller, more
compact but powerful system, wearable and lightweight VR
systems have become useable, accessible, and affordable in
health care settings [80,81]. The included studies revealed that
consumer-level built-in displays, such asthe Oculus Rift device
[44], the HTC Vive HMD [24,53,77], and PICO G2 [66,68], or
even a smartphone-equipped HMD
[45,48,49,51,55,60,63,64,70,71,75,76], are already ableto render
high-fidelity VR imagesand can be efficiently applied in clinical
settings with promising results. With the consideration of the
cost of devices, software development, portability, and device
deployment, standalone HMDs, such as the Oculus Go
[54,56,69,72,82], other health care professionalsin most general
clinical settings or smartphone-equipped HMDs, such as the
Samsung Gear VR device[45,48,49,51,60,70,75,76,83], would
be adesirable option for implementation by nursing teams. This
is far-reaching to making evidence-based treatment more
accessible to those who are unable (eg, due to mobility or
geographic limitations) or unwilling (eg, due to perceived
stigmatization) to receive in-person treatment [84]. However,
the cost-effectiveness of VR-based interventions was rarely
described in detail in the included studies. Therefore, further
rigorous RCTSs, including economic evaluations, are highly
recommended.

Thefindings of the systematic review and meta-analysis showed
that the VR-based distraction approach had a more significant
effect size. Theresults are in line with those of Simonetti et &l
[37]. This is probably because exposure methods might risk
cognitive overload (eg, medical jargon), and reactivating fear
memories, whereas the distraction approach may replace
negative cognitions with positive immersion (eg, virtual
companions). On the other hand, children’s limited attention
spans make distraction-based approaches effective, as these
methods rely on intuitive emotional experiences (eg, novelty
and playful engagement) rather than complex cognitive
processing (eg, understanding surgical terminology), thereby
aligning with their underdeveloped mentalization capacities
[37]. However, current evidence remained limited by small
samples and short-term follow-ups, necessitating multicenter
RCTsto confirm sustained benefits (ie, postoperative adherence
and anxiety-driven care avoidance).

Moreover, athough there is no gold standard for measuring
preoperative anxiety and different measuring tool s were adopted
in the included studies, the meta-analysis suggested that the
V R-based interventions sustained amore significant effect size
for children than for adults. This result echoed that of a
meta-analysis of preoperative anxiety management through
VR-based interventions in the pediatric population [54].
However, to our knowledge, there were no reports of
meta-analyses on adult and child populations for comparison.
To gain a more comprehensive understanding of the topic and
inform the devel opment of an effectiveintervention, thisreview
made a deliberate effort to include research conducted on child
populations. The potential reasons why preoperative VR
interventions may be more effective in children compared to
adultsarethat first, children’simmature prefrontal cortex might
heighten responsiveness to multisensory VR stimuli (eg,
dynamic games), which could disrupt negative emotional
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processing by monopolizing attention, whereas adults' reliance
on endogenous cognitive regulation may limit exogenous VR
efficacy despite structured informational exposure [85]. In
addition, enhanced pediatric effects may aso reflect greater
autonomic sensitivity to immersive stimuli and intrinsic tech
affinity, contrasting with adults' pragmatic tool expectations
and physiological habituation [86]. Future studies should explore
optimal timing and frequency for VR to maximize effectiveness
across different age groups.

Limitations

The limitations of this systematic review and meta-analysis
should be noted. First, since the means and SDs of 6 studies
[24,30,44,45,49] were cal culated from median valuesand IQRS,
potential deviation might be reflected in the estimations. Second,
considerable heterogeneity was observed in the meta-analysis
of theoverall effect. Thisvariability could be dueto differences
in study settings, types of surgery, population characteristics,
sample sizes, VR devices and interventions, intervention
durations, and measuring instruments. Indeed, there was
diversity among the standard usual care in the control groups,
such as providing information by iPad [51] and audio-visual
descriptions [74], which might have induced variability in the
results. However, athough the results should be interpreted
with notable statistical heterogeneity, the meta-analysis provides
information on and revealsinsightsinto the effectiveness of the
VR-based intervention for preoperative anxiety management.
Third, the specificity of study populations (ie, exclusively
elective surgery populations) may restrict the generalizability
of conclusions to other clinical scenarios, such as emergency
care or populations with diverse chronic illnesses. Moreover,
the absence of longitudinal tracking for postoperative long-term
behaviors may prevent validation of the sustained benefits of
VR-based intervention.

Implications for Future Studies and Clinical Practice

Preoperative anxiety negatively impacts patients and health care
systems. While nonpharmacological interventions like clown
and music therapy are preferred, limitations hinder the quality
of carefor the patient. Advancesin IT haveled to the promising
use of VR in clinical settings for anxiety management [62].
Evidence shows VR effectively reduces preoperative anxiety
in both adults and children. Both distraction and exposure
approaches are beneficial, with distraction potentially offering
greater advantages than the exposure approach [63]. Although
the development of VVR-based interventions is feasible from
technological and economic aspects to the best of our
knowledge, more studies are necessary to evaluate the
effectiveness of VR-based interventions using the distraction
approach to reduce preoperative anxiety in various cultural
contexts. It is also of significanceto compare the effects of VR
distraction interventions with other non—distraction-based VR
interventions (ie, exposure) in diverse populations to further
consolidate the implications of distraction as a vital medium.

The VR-based intervention, known for its ease of use and low
initial cost, can be integrated into routine care for preoperative
patients across hospital clusters. Developing a codelivery
package based on this review's findings will facilitate
implementation. Additionally, the VR video could be
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incorporated into existing smartphone apps for preoperative
services, alowing for remote access. The widespread avail ability
of entry-level VR headsets supports scal able home deployment.
Given therapid adoption of telemedicine during the COVID-19
pandemic, exploring remote modalities for VR-based
interventions in managing preoperative anxiety isimportant in
the postpandemic era.

Additionally, some patients, particularly older or underserved
patients, face economic barriers and limited access to VR
technology for preoperative anxiety management. To enhance
accessibility and affordability, device lending programs could
be established in partnership with local health care organizations,
community centers, charities, hospitals, and clinics to provide
accessfor those without equipment. Furthermore, the researchers
could implement tiered pricing or payment models based on
income, and they could collaborate with payersfor coverageto
further facilitate access. Additionally, providing technical

Data Availability

Lietd

support, user-friendly tutorials, and leveraging telehealth will
improve usability. Collaborating with community organizations
to create VR access points and developing culturally sensitive,
multilingual content will ensure that diverse populations from
diverse cultural and socioeconomic backgrounds can benefit
from these interventions.

Conclusions

V R-based interventions for managing preoperative anxiety may
be anovel and effective approach that can be further devel oped
as an innovative method of enhancing the quality of patient
care. However, the conclusions of this review should be
interpreted with caution due to methodological heterogeneity
of the included reviews. High-quality RCTs that focus on
specific age groups and use a tailored approach, devices, and
validated instruments are needed to further confirm the effects
of VRin clinical practice.

All data generated or analyzed during this study are included in this published article and its supplementary information files.
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