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ABSTRACT

Background and objective: Pediatric patients frequently experience significant preoperative anxiety, with prevalence estimates
ranging from 50% to 75%. This anxiety is associated with adverse outcomes, including increased postoperative pain, emergence
agitation or delirium, prolonged recovery, and elevated healthcare costs. Despite heightened interest in non-pharmacologic
interventions, awareness among healthcare providers regarding the substantial evidence supporting immersive technologies such
as Virtual Reality (VR) to mitigate preoperative anxiety in children may remain limited. The objective of this systematic literature
synthesis was to critically evaluate and consolidate contemporary evidence regarding the use of Virtual Reality as an intervention
to reduce anxiety in pediatric perioperative care. The review also aimed to examine comparative effectiveness, implementation
feasibility, and implications for translating evidence into clinical practice.

Methods: A systematic search of PubMed, CINAHL, Embase, and the Cochrane Library was conducted to identify empirical
studies published between January 2017 and March 2025 that examined VR interventions for pediatric preoperative anxiety.
The search included randomized controlled trials, systematic reviews, meta-analyses, and quasi-experimental studies. Eligibility
criteria included studies involving pediatric patients (ages 3—18) undergoing surgical procedures with VR used as a preoperative or
perioperative anxiety-reducing tool. Quality appraisal was performed using the Johns Hopkins Nursing Evidence-Based Practice
tool. After utilizing strict inclusion and exclusion criteria, 30 studies were included in this systematic evaluation.

Results: Findings consistently demonstrated that VR reduced preoperative anxiety compared to standard care or alternative
distraction methods. Studies reported improvements in physiological indicators, patient satisfaction, procedural cooperation,
and reduced sedative requirements. Barriers to adoption include provider unfamiliarity, cost, and logistical constraints. Several
implementation-enabling strategies were also identified, including education, institutional support, and integration into care
protocols.

Conclusions: VR is an effective, non-pharmacologic intervention for reducing preoperative anxiety in pediatric patients. The
evidence from this systematic literature synthesis supports integration of VR into perioperative workflows. This synthesis offers
a foundation for practice change, underscoring the need for continued provider education and institutional readiness to adopt
VR-based strategies.
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1. INTRODUCTION

Preoperative anxiety is a pervasive and clinically significant
issue among pediatric surgical patients, with prevalence rates
ranging between 50% and 75% depending on age, tempera-
ment, prior medical experiences, and parental influence.!-3)
Anxiety in this context is defined as an emotional and physio-
logical response to the anticipation of surgery, often manifest-
ing as fear of separation, bodily harm, pain, or the unknown.
Recent literature defines pediatric preoperative anxiety as a
multidimensional construct involving cognitive, behavioral,
and autonomic responses to the surgical setting, often trig-
gered by perceived threats, unfamiliar environments, and
loss of control.'* This understanding aligns with behavioral
science theories that emphasize the interplay between indi-
vidual, interpersonal, and environmental influences on health
behavior, as discussed in Glanz, Rimer, and Viswanath’s,®!
comprehensive framework for health behavior theory. The
effects of this anxiety are not limited to the preoperative
period; they often extend into the intraoperative and postop-
erative phases, leading to delayed emergence, increased pain
perception, poor cooperation at induction, elevated sedative
requirements, and increased risk for maladaptive behaviors
such as nightmares, aggression, and separation anxiety.>©!

In addition to the psychological and behavioral consequences,
there are clear physiological implications associated with pre-
operative anxiety.[’ Activation of the sympathetic nervous
system can lead to increased heart rate, elevated blood pres-
sure, higher cortisol levels, and respiratory dysregulation,
which may complicate anesthetic management and prolong
recovery.*7] These physiologic changes are especially con-
cerning in children with preexisting health conditions such
as asthma, congenital heart defects, or developmental de-
lays.[®! Moreover, poorly managed anxiety often necessitates
the use of pharmacologic anxiolysis, such as midazolam
or dexmedetomidine, which, while effective, may result in
side effects including respiratory depression, prolonged se-
dation, or paradoxical reactions.’®) The over-reliance on
sedatives further underscores the urgent need for safe, non-
pharmacologic alternatives that can be integrated into routine
pediatric perioperative care.® 1%

One such promising alternative is Virtual Reality (VR), a dig-
ital intervention that creates immersive, computer-generated
environments intended to distract, engage, or calm users. VR
has gained substantial traction in the field of pain and anxiety
management over the past decade. Its application spans a
variety of pediatric contexts including burn wound care,!'!}
dental procedures,!'”! and magnetic resonance imaging.!'3!
The use of VR in preoperative settings leverages attentional
control theory, which posits that anxiety impairs cognitive
performance by diverting attention toward threat-related stim-
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uli. Immersive VR counteracts this by monopolizing atten-
tional resources and redirecting them to a non-threatening,
engaging environment, thereby diminishing the perception
of anxiety-inducing stimuli.!'!

Evidence supporting VR in pediatric perioperative care is
not only growing, but also increasingly robust. Several ran-
domized controlled trials (RCTs), systematic reviews, and
meta-analyses have demonstrated that VR significantly re-
duces self-reported anxiety scores, physiological stress mark-
ers, and the need for pharmacologic sedation.[*1%14] Ryu et
al.l"! demonstrated that children who underwent a VR tour
before anesthesia induction were significantly more coopera-
tive, exhibited less preoperative anxiety, and had improved
overall satisfaction. The increased cooperation contributed
to smoother induction of anesthesia, which has been shown
to improve operating room efficiency and patient safety by
reducing delays and minimizing the need for additional phar-
macologic sedation. From a systems perspective, reductions
in sedative use and procedure delays have implications for
healthcare costs, resource utilization, and parental satisfac-
tion.[1516]

Nordgard and Lig!"'”! found that, despite growing evidence,
the adoption of VR in clinical practice remains limited in
their survey of pediatric providers. It revealed that while
most clinicians were aware of VR as a potential interven-
tion, very few had received training or institutional support
to implement it. Commonly cited barriers include a lack
of familiarity with the technology, concerns about device
sanitization in perioperative environments, and cost-related

constraints.1'®!

This literature synthesis was developed in response to the
knowledge and translational gap in the use of VR for peri-
operative anxiety as identified in recent RCTs and emerg-
ing evidence. By synthesizing the findings from over 30
high-quality empirical studies, this project aims to equip pre-
operative healthcare providers with a clear, comprehensive,
and critically appraised resource on the use of VR to reduce
preoperative anxiety in pediatric patients. In developing this
synthesis, a systematic yet interpretive approach was adopted
to bridge quantitative rigor with qualitative applicability, a
hallmark of mixed-methods reasoning described by Creswell
and Plano Clark.""”! Their framework highlights the value
of integrating diverse sources of evidence to inform practi-
cal decision-making in clinical settings, particularly when
addressing multifaceted interventions like VR that span tech-
nology, psychology, and pediatric care.

By presenting this synthesis in a format that supports knowl-
edge translation, complete with practical implications, imple-
mentation strategies, and thematic conclusions, this project
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endeavors to empower frontline clinicians to consider VR as
a viable, evidence-based, and child-centered intervention in
routine practice. It contributes meaningfully to the evolving
field of technology-enhanced pediatric care while aligning
with global priorities aimed at improving perioperative out-
comes through innovation, interdisciplinary education, and
actionable evidence integration.

2. METHODS

To construct a rigorous and clinically useful synthesis of
the literature on VR as a non-pharmacologic intervention
for pediatric preoperative anxiety, this project employed
a structured, transparent, and evidence-based narrative re-
view methodology. This approach aligns with guidance from
Grant and Booth!?®! and Aromataris and Munn,?!! who ad-
vocate for narrative synthesis in circumstances where hetero-
geneous study designs, outcome measures, and interventions
make quantitative meta-analysis impractical. In this case,
the diverse modalities of VR technology, variability in anxi-
ety assessment tools, and differences in procedural settings
necessitated a method that could accommodate complexity
while still maintaining scholarly rigor.

2.1 Search strategy

To ensure a comprehensive and systematic retrieval of ev-
idence, a dual search strategy utilizing both controlled vo-
cabulary and free-text terms was employed. Controlled vo-
cabulary terms such as Medical Subject Headings (MeSH)
were crucial for aligning with database-specific indexing sys-
tems and included terms like “VR Exposure Therapy,” “Anx-
iety, Preoperative,” “Pediatrics,” and ‘“Perioperative Care.”
These were combined with relevant keywords and free-text
phrases such as “immersive media,” “distraction therapy,”
“non-pharmacologic intervention,” and “VR in children” us-
ing Boolean operators like “AND” and “OR” to broaden or
narrow the search scope.?%-2!1

Searches were conducted across multiple academic
databases, including PubMed, CINAHL, PsycINFO,
Cochrane Library, and Embase, leveraging each platform’s
unique indexing tools. The publication date was restricted
to articles published between January 2017 and March 2024
to capture the most recent empirical advancements in VR-
based health interventions, particularly in pediatric periop-
erative care. This time frame reflects the rapid evolution
of VR technology and aligns with a broader post-COVID
digital health transformation during which virtual modali-
ties gained prominence due to physical distancing and in-
creased interest in remote-friendly healthcare solutions.!??!
Only English-language articles were considered to ensure
linguistic consistency and access to full-text peer-reviewed
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materials. Reference mining of included articles and rele-
vant systematic reviews further ensured saturation of eligible
studies for synthesis.

2.2 Inclusion criteria

The inclusion criteria were deliberately structured to ensure
clinical relevance, methodological rigor, and alignment with
pediatric perioperative practice. First, studies had to focus on
pediatric populations between the ages of 3 and 18 years, a
range selected based on developmental stages during which
children can actively engage with immersive VR content and
can experience measurable perioperative anxiety.!®! This age
group also aligns with the target population of most pediatric
preoperative interventions, where anxiety management is
critical to optimizing procedural cooperation and long-term
psychological outcomes. !

Secondly, included studies had to implement immersive or
semi-immersive VR as the primary non-pharmacologic inter-
vention. VR systems were defined as technologies that gener-
ate a computer-simulated environment experienced through
head-mounted displays or projection systems that immerse
users in sensory stimuli.''”! The VR had to be delivered dur-
ing or immediately prior to the surgical or procedural event,
ensuring temporal relevance to anxiety mitigation efforts.
This aligns with current pediatric nursing and anesthesia
workflows where interventions must be logistically feasible

and time sensitive.[?!

Third, eligible studies were required to report quantitative or
qualitative outcomes related to anxiety (measured through
validated tools such as mYPAS or STAI-C), physiologic
stress markers (e.g., heart rate, blood pressure, cortisol),
procedural cooperation, or user satisfaction.!”-!3 These out-
comes were deemed essential for assessing the clinical and
emotional efficacy of VR interventions in pediatric perioper-
ative settings.

Lastly, only peer-reviewed primary research studies and
high-level syntheses such as systematic reviews and meta-
analyses were included to maintain a high level of evidence.
This approach is consistent with the Johns Hopkins Nursing
Evidence-Based Practice (JHNEBP) model, which empha-
sizes the incorporation of rigorously appraised evidence into
clinical decision-making./>*!

2.3 Exclusion criteria

To maintain methodological integrity and ensure relevance
to clinical implementation, several exclusion criteria were
enforced. Studies were excluded if they focused exclusively
on adult populations, as the psychological, developmental,
and procedural responses of adults to VR are not directly gen-
eralizable to pediatric patients. Pediatric patients experience
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anxiety differently and require age-appropriate distraction
modalities, making extrapolation from adult data both risky
and inappropriate.?*]

Articles were also excluded if they utilized non-VR digital
distractions, such as tablets, cartoons, or passive video view-
ing. Although these interventions may also reduce anxiety,
they lack the immersive interactivity that defines VR and
were thus outside the scope of this synthesis.!'3] This dis-
tinction ensures that conclusions drawn remain specific to
immersive VR technology.

In addition, theoretical papers, editorials, narrative commen-
taries, or opinion-based publications were excluded due to
the absence of empirical data. The synthesis prioritized stud-
ies that presented measurable outcomes, statistical analyses,
and replicable methodologies. Furthermore, studies not pub-
lished in English were excluded to prevent misinterpretation
during appraisal and synthesis. Although this may intro-
duce some publication bias, it was a necessary trade-off for
ensuring accurate, high-quality analysis.>!]

By applying these inclusion and exclusion criteria system-
atically, this project ensured that only the most relevant,
rigorous, and clinically applicable evidence was included in
the synthesis, allowing for a robust assessment of immersive
VR’s utility in reducing pediatric preoperative anxiety.

The initial database search yielded 412 records, reflecting
the growing body of literature on VR in healthcare. Exclu-
sion criteria implementation removed duplicate studies (n
= 77) that were identified and removed using Zotero refer-
ence management software, leaving 335 unique citations for
screening. The screening process followed the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA 2020) guidelines,®®! ensuring transparency and
reproducibility. Title and abstract screenings were conducted
to identify studies addressing pediatric populations undergo-
ing surgical or procedural interventions with VR employed
as an anxiety-reduction strategy, this left a total of 85 full-text
articles for review from which 30 high-quality studies were
ultimately included based on relevance and methodological
rigor of studies (see Figure 1).

Records identified from
databases: (n = 412)
(PubMed, CINAHL, Embase,
Cochrane Library)

|

Records screened: (n = 335) —
Reports excluded: (n = 55)
Reports assessed for e Adult population (n = 20)
eligibility: (n = 85) > e Not VR-specific (n = 15)
e Low methodological quality
(n=12)
Language Other than
English (n = 8)

e Studies included in
review: (n = 30)

e RCTs:(n=15

® Quasi Experimental
Studies: (n=7)

o  Systematic reviews/Meta
Analysis: (n = 8)

Duplicate records removed: (n
= 77) using Zotero

Records marked as ineligible
by automation tools: (n = 0)

Records removed for other
reasons: (n =0)

Records excluded: (n = 250)

Figure 1. PRISMA 2020 Flow Diagram outlining the study selection process for VR interventions in pediatric preoperative

care
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Each full-text study that met inclusion criteria was subjected
to systematic data extraction, capturing key variables includ-
ing authorship, publication year, sample size, patient age
range, study design, type of VR equipment and software,
comparison groups, anxiety assessment tools (such as the
Modified Yale Preoperative Anxiety Scale [mYPAS] or State-
Trait Anxiety Inventory for Children [STAI-C]), primary out-
comes, and noted implementation barriers. This structured
approach allowed for consistent comparison across studies
and facilitated identification of patterns and emerging themes,
which formed the backbone of the synthesis in the results
and discussion sections.

To further safeguard methodological integrity, every eligi-
ble study was critically appraised with the Johns Hopkins
Nursing Evidence-Based Practice (JHNEBP) Evidence and
Quality Guide, a primary source developed by Dang and
Dearholt?*! at the Johns Hopkins Hospital/Health System to
standardize evidence appraisal in nursing and advanced prac-
tice settings. The JHNEBP appraisal framework consists of
two critical dimensions: the Level of Evidence and the Qual-
ity Rating, each of which plays a distinct role in evaluating
the strength and applicability of a study. The Level of Evi-
dence classifies studies based on research design, with Level
I reserved for RCTs and systematic reviews of RCTs, con-
sidered the gold standard for establishing causality. Level II
includes quasi-experimental studies that incorporate interven-
tions but lack randomization, while Level III encompasses
non-experimental studies such as qualitative research, de-
scriptive correlational studies, or observational designs. This
hierarchy assumes that greater control of bias and contradic-
tory variables increases internal validity and the ability to
draw reliable inferences.

In addition to categorizing studies by design, the JHNEBP
tool evaluates methodological quality, assigning a Quality
Rating of A (High), B (Good), or C (Low). A study rated
“High” must demonstrate methodological rigor through clear
and reproducible methods, a sufficiently powered and repre-
sentative sample, well-controlled confounding variables, con-
sistent findings across measured outcomes, and conclusions
that logically follow from the data presented. Studies rated
“Good” may contain minor limitations, such as a modest
sample size, slightly limited generalizability, or incomplete
blinding but must still maintain overall scientific integrity and
coherence in methodology and results. Conversely, studies
are rated “Low” when they exhibit significant methodologi-
cal flaws, such as small or biased samples, poor control of
confounders, unclear research methods, or highly inconsis-
tent results that undermine the credibility and transferability
of findings.
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Each included study was independently appraised using the
JHNEBP tool in evidence-based methodology. The process
entailed detailed evaluation of several domains critical to
internal and external validity. Initial reviews first examined
the research design to ensure proper classification under the
JHNEBP levels. Then, sample appropriateness, was assessed
ensuring that study populations were representative of the
pediatric surgical patients. This was especially important in
distinguishing studies that generalized from adolescent or
mixed-age patients versus those specifically tailored to the
target age group of 3—18 years. Methodological soundness
was appraised by examining the presence of randomization,
blinding procedures, statistical power, reliability and validity
of anxiety measurement tools (e.g., mYPAS, STAI-C), and
robustness of data analysis. To assess the consistency of
results, it was important to determine whether effect sizes
were statistically and clinically significant across outcomes.
Finally, direct relevance to the project’s clinical focus was
a necessary criterion: only studies that specifically evalu-
ated VR interventions for the reduction of preoperative or
perioperative anxiety in children were considered eligible.

To ensure objectivity, each appraisal was completed indepen-
dently of the other. Ultimately, only studies that received
a quality rating of either “High” (A) or “Good” (B) were
retained in the final synthesis. This strategic inclusion stan-
dard ensured that all conclusions drawn from the literature
review were supported by methodologically sound and clin-
ically relevant research. Studies rated as “Low” (C) were
excluded even when systematically relevant. This exclusion
was based on a deliberate decision to prioritize the scientific
rigor, internal validity, and translational applicability of the
findings, thereby strengthening the credibility of the project
and its recommendations for evidence-based integration of
VR in pediatric perioperative care.

Throughout the review process, the purpose of this methodol-
ogy was to support knowledge translation, the application of
best evidence into real-world clinical decision-making. By
adopting a rigorous review process and anchoring it in ac-
cepted evidence appraisal frameworks, this methods section
ensured that the findings synthesized would be not only valid,
but highly relevant to healthcare providers responsible for pe-
diatric perioperative care. By explicitly linking each method-
ological step to the goals of improving provider awareness,
facilitating adoption, and reducing pediatric distress through
immersive technology, the design of this literature synthe-
sis supports its role as an educational tool and catalyst for
practice change.
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3. RESULTS

This systematic literature synthesis reviewed 30 studies that
met the rigorous inclusion criteria established during the
methodology phase. These studies, consisting of RCTs,
Meta analysis from Cochrane, quasi-experimental designs,
and systematic reviews, collectively investigated the role of
immersive VR interventions in reducing preoperative anxi-
ety among pediatric patients. They also explored secondary
outcomes such as cooperation during induction, physiologi-
cal indicators of stress, and healthcare provider perceptions.
Findings from the included studies indicate the efficacy of
VR as a non-pharmacologic strategy for reducing preopera-
tive anxiety in children aged 3 to 18 years (see Table 1).

3.1 Anxiety reduction

Anxiety in pediatric patients prior to surgery is not only
distressing for the child but can also negatively affect co-
operation during induction, increase the need for sedative
premedication, and contribute to adverse postoperative be-
haviors such as emergence delirium or long-term procedural
avoidance.*! Among the most compelling results from the
systematic project analysis was the consistent, statistically
significant reduction in validated anxiety scores, particularly
the Modified Yale Preoperative Anxiety Scale (mYPAS) and
the State-Trait Anxiety Inventory for Children (STAI-C), in
patients who received VR interventions compared to stan-
dard care or other distraction methods. The studies by Ei-
jlers et al.[* 13151 each independently demonstrated not only
decreased anxiety scores but also improved behavioral coop-
eration during anesthetic induction, suggesting a dual benefit
that enhances both patient well-being and procedural work-
flow efficiency.

3.2 VR exposure

A study done by Gold et al.”’! demonstrated that a brief
5-minute VR distraction during intravenous placement sig-
nificantly reduced pediatric patients’ observed distress and
pain scores compared to standard care. Similarly, in a ran-
domized controlled trial by Jung et al.,["*! just 10 minutes of
immersive VR exposure prior to surgery led to statistically
significant reductions in preoperative anxiety scores among
children aged 4 to 10 years. These findings suggest that
short, targeted VR interventions are both effective and fea-
sible in real-world perioperative settings, carrying immense
operational value for high-throughput surgical centers. Such
brevity supports the feasibility of integrating VR into rou-
tine preoperative workflows without substantial disruption
or added resource burden.

These outcomes are particularly relevant to preoperative
nurses and anesthesia providers, who must weigh the need
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for effective anxiety-reduction strategies against competing
demands for time efficiency and patient throughput. Impor-
tantly, the data indicate that VR does not introduce workflow
delays, but may in fact enhance procedural readiness, im-
prove child cooperation, and reduce reliance on pharmaco-
logic anxiolytics.['>! This is a critical point, especially in pe-
diatric patients where sedatives like midazolam can produce
adverse effects such as respiratory depression, paradoxical
agitation, or delayed emergence. Findings by Schneider and
Workman!?3! and Toannou et al.l'% further support this, show-
ing that children exposed to VR required less pharmacologic
intervention and demonstrated greater emotional control and
compliance during medical procedures, suggesting that VR
could serve as a powerful adjunct or alternative to pharmaco-
logic premedication.

3.3 Physiologic measures

In addition to behavioral and subjective self-report measures
of anxiety, a subset of high-quality studies incorporated phys-
iological biomarkers, such as heart rate, systolic blood pres-
sure, and salivary cortisol levels, to provide objective evi-
dence of the anxiolytic effects of VR. These studies offered
compelling support for the hypothesis that VR not only re-
duces perceived anxiety but also produces measurable shifts
in autonomic nervous system (ANS) function, thereby ad-
dressing both the psychological and somatic dimensions of
pediatric preoperative stress. For example, Ali et al.l’! con-
ducted a randomized trial measuring salivary cortisol level, a
well-established indicator of hypothalamic-pituitary-adrenal
(HPA) axis activation before and after a short VR exposure
in children awaiting surgery. They reported that participants
who engaged with immersive VR content showed signifi-
cantly lower post-intervention cortisol levels compared to
the control group (p < .01), indicating reduced physiological
stress. In parallel, children in the VR group demonstrated
lower heart rate variability (HRV) and systolic blood pres-
sure, both of which suggest dampened sympathetic nervous
system activation and improved emotional regulation.

Similarly, in a more recent systematic review, Tas et al.l'6]
synthesized results from multiple experimental studies using
physiological measures. They found that VR interventions
were associated with statistically significant reductions in
heart rate and blood pressure during the preoperative and pe-
rioperative phases. The included studies often utilized pulse
oximetry monitors, automated BP cuffs, and non-invasive
cortisol assays to record these biometrics at multiple time
points. The recordings were done before, during, and after
the VR exposure.

The consistency of these findings across diverse clinical set-
tings and patient demographics emphasizes the robustness
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of VR as a physiologically impactful intervention. These
physiological improvements align with established theories
on the mind-body connection in stress modulation. By mod-
ulating sensory input and redirecting cognitive focus, VR
likely disrupts the anxiety-induced activation of the sympa-
thetic nervous system (SNS), thereby lowering stress-related
biomarkers.?! This provides critical biological validation
for the subjective improvements in anxiety scores reported
in pediatric self-reports (e.g., mYPAS, STAI-C) and parent
ratings. The inclusion of physiological data strengthens the
credibility and translational relevance of the findings, espe-
cially for anesthesia providers and surgeons who rely on
stable hemodynamic baselines to optimize induction and pe-
rioperative safety. In this context, VR not only serves as an
engaging distraction technique but functions as a multidimen-
sional therapeutic tool, simultaneously targeting emotional
distress, physiologic arousal, and behavioral dysregulation.
These multidimensional benefits further highlight the clinical
utility of integrating VR into standard pediatric preoperative
workflows.

3.4 VR acceptability

Beyond patient-centered outcomes, healthcare provider and
caregiver acceptability emerged as pivotal elements influ-
encing the real-world implementation potential of VR inter-
ventions in pediatric perioperative care. Studies have docu-
mented overwhelmingly positive attitudes among healthcare
providers, particularly anesthesia clinicians and preoperative
nurses, regarding the use of VR as a non-pharmacologic
anxiolytic tool. For instance, Ryu et al.'>! reported that
anesthesia teams found the immersive VR hospital tour to
be not only highly effective in reducing anxiety but also
easy to integrate into existing workflows without causing
procedural delays. Similarly, Chan et al.l'”! found that peri-
operative nurses viewed VR as a practical adjunct to sedation,
appreciating its portability, patient appeal, and ability to redi-
rect focus during potentially distressing medical encounters.
These findings are echoed in Dumoulin et al.,[**! where pe-
diatric anesthesiologists expressed interest in incorporating
VR into standard protocols, citing the potential to reduce
sedative medication use and facilitate smoother anesthesia
induction.

Parents and guardians, on the other hand, have also reported
high levels of satisfaction with VR interventions. In a study
by Eijlers et al.,* caregivers noted that their children were
“visibly calmer” and “less fearful” during the preoperative
period compared to past surgical experiences without VR.
Similarly, Ryu et al.l'>! found that over 90% of parents in
their VR group expressed confidence that the technology
had improved their child’s emotional experience and reduced
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their own caregiver anxiety. Notably, parents often empha-
sized how VR enabled their children to feel empowered and
in control, which contrasted sharply with the helplessness
often observed during previous hospital visits. These quali-
tative and quantitative insights offer powerful evidence that
VR not only benefits the pediatric patient directly but also
provides emotional reassurance to families, enhancing the
overall perioperative care experience.

These perceptions from both healthcare providers and care-
givers are crucial for bridging the gap between clinical ev-
idence and actual implementation. As Greenhalgh et al.?]
emphasize in their widely cited diffusion of innovations
framework, any intervention intended for routine integra-
tion into clinical practice must be not only effective, but also
logistically feasible, acceptable to users, and compatible with
organizational values and routines. The consistent reports of
ease of use, minimal training burden, and emotional benefit
suggest that VR holds promise not just as a novel tool, but
as a scalable and sustainable intervention within pediatric
perioperative settings.

3.5 Implementation feasibility

Lastly, implementation feasibility was addressed in several
studies that reported successful deployment of VR inter-
ventions in pediatric surgical settings without the need for
dedicated technical personnel or substantial infrastructure in-
vestment. For example, Nordgérd and Lig!'”! noted that pre-
loaded VR devices with intuitive, child-friendly interfaces
allowed for seamless integration into preoperative workflows,
requiring only minimal training for staff. Similarly, Ryu et
al..,[13 and Gold et al.,[*”! described how brief orientation
sessions for perioperative nurses and anesthesia teams were
sufficient to ensure effective use of VR headsets and appli-
cations. Jung et al.'¥ further supported this by reporting
high staff satisfaction with the implementation process, citing
ease of setup, minimal technical issues, and strong patient
engagement. These findings collectively suggest that VR
interventions can be feasibly implemented within real-world
clinical settings without disrupting existing workflows or
increasing provider burden.

However, while the technology is generally well-received,
some logistical and institutional challenges remain. Across
multiple studies, providers expressed concerns about infec-
tion control, particularly regarding equipment sterilization be-
tween uses and the need for compatibility with hospital-grade
disinfection protocols.!'>3% These concerns emphasize the
need for clear institutional policies, including standardized
cleaning procedures and device management protocols, espe-
cially in high-turnover surgical centers.
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Table 1. Study characteristics and results of included studies using the JHNEBP that investigate the effect of virtual reality
on pain and anxiety in pediatric patients u (n = 30)

Vingerhoets (2005) !

perception.

Quality
Study ID Design Type VR Use & Implication Rating Key Findings Rationale for Rating
(JHNEBP)
Ahmed A. E., etal. Systematic Review & VR for pediatric surgical anxiety . VR mtervenltlons significantly Up-}o-(jate synthe§1s; included
1321 o IR High reduced anxiety; pooled SMD - pediatric RCTs; high
(2025) Meta-analysis across studies L
0.73 generalizability
Ali et al. (2020) 1) Quasi-Experimental Assessed anxiety »reductnon with Good VR reduced heart rate and anxiety | Controlled d‘emgn, )
VR vs no distraction scale scores non-randomized allocation
Chan et al. (2021) 1% RCT VR with story immersion High Impr(_)ved cooperation, reduced Novel application, clear
preoperatively. sedative need. protocol.
VR interventions led to Methodologically rigorous;
To evaluate the effects of VR on statistically significant reductions . SicaTly TIgorous;
Systematic Review & reoperative anxiety in pediatric in pediatric anxiet; builds on prior reviews with
Chen et al. (2023) P!l Y ) preop . Y 1 P High P . Y updated trials and quality
Meta-analysis patients using quantitative preoperatively. .
. . . appraisal. Strong
synthesis. Moderate-to-large effect sizes Lo .
generalizability across settings.
observed.
e e el | Wellsmeu dsintu
Chieng et al. (2013) ! Quasi-Experimental . Y. usmg Good P . P limited by small sample size
distraction strategies including cooperation and reduced parental L
and lack of randomization.
VR. stress.
. Immersive VR-based VR intervention significantly Strong randomized design,
Chiu PL., et al. 5 L. . . . . .
(2023) 1 RCT pre-operative education in High reduced preoperative anxiety validated anxiety tools,
children compared to control pediatric population
Chow et al. (2021) ¥ Meta-analysis Ana]yzeq mul.tlple YR ) High VR showed n_*loderate to large S_lrong sta_ustlcal meth0§ology,
interventions in pediatrics effect on anxiety reduction high-quality source studies
Reviewed non-pharmacologic VR amone promising tools for Synthesis from various
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These findings suggest that while VR presents a promis-
ing, evidence-based tool for reducing pediatric preoperative
anxiety, its successful adoption in clinical practice requires
more than just positive outcomes. Effective implementa-
tion will also demand provider education, as this synthesis
aims to support, as well as interprofessional collaboration
between anesthesia, nursing, child life specialists, and IT
support. Moreover, systems-level support from institutional
leadership is essential to address logistical barriers, allocate
resources, and create sustainable protocols for VR integra-
tion. As highlighted by Greenhalgh et al.,?3! in their seminal
diffusion of innovations framework, any new technology’s
adoption depends on its perceived value, ease of use, and fit
within the organizational infrastructure.

4. DISCUSSION

This literature synthesis affirms that immersive VR is a highly
effective, feasible, and well-supported intervention for re-
ducing preoperative anxiety in pediatric patients. Across 30
rigorously appraised studies, 18 rated as “High” and 12 as
“Good” using the JHNEBP tool, the evidence demonstrates
consistent efficacy, operational feasibility, and stakeholder
acceptability. These ratings were based on methodological
rigor, clarity of outcomes, and relevance to pediatric pe-
rioperative care.”! One of the most striking themes that
emerged from the literature was the reliability of VR in re-
ducing anxiety across a broad range of procedures and age
groups within the pediatric population. From preoperative
IV placement!”- 131 to general surgery preparation, and even
burn wound care,['!! the consistency in outcomes namely,
decreased anxiety and improved cooperation, points to VR’s
versatility as a clinical tool. Recent meta-analytic evidence
further reinforces these conclusions: a 2023 systematic re-
view and meta-analysis by Chen et al.l’!l pooled results
from multiple randomized controlled trials and found that
VR interventions yielded statistically significant and clini-
cally meaningful reductions in pediatric preoperative anxiety,
with moderate-to-large effect sizes across diverse surgical
settings.[*!! Similarly, Ahmed et al.??) demonstrated that VR
distraction significantly lowered anxiety levels and physio-
logical stress markers in children undergoing elective surgery
compared to standard distraction, affirming its clinical utility.

The neuropsychological mechanisms behind VR’s calming
effect may be partially explained by functional MRI and
EEG studies showing that immersive environments modulate
the activity of limbic and sensory cortices, redirecting atten-
tion from pain or anxiety-inducing stimuli.*3 This suggests
that VR does more than merely entertain, it can neurologi-
cally reframe the user’s perception of the surgical experience.
Moreover, unmanaged preoperative anxiety is associated
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with the development of maladaptive behaviors such as sleep
disturbances, separation anxiety, and regression in children,
especially those with no prior exposure to surgery.!>®! These
findings reinforce the necessity of targeted interventions such
as immersive VR.

Importantly, studies also confirm that VR can be imple-
mented without technical personnel, often requiring only
preloaded headsets and brief training.!'* 13! Nurses were fre-
quently able to administer the intervention efficiently, making
it highly adaptable to busy surgical workflows.!”-!3 Care-
giver and provider satisfaction also emerged as critical en-
ablers of adoption, with parents citing visible reductions in
child anxiety and providers reporting improved cooperation
and decreased need for sedation.!!® '3 These perceptions sup-
port the long-term sustainability and scalability of VR. Hu
et al.’¥ highlighted this adaptability further by document-
ing successful VR use across both low- and high-resource
settings, noting its low training burden and high engagement
scores from both children and caregivers.

However, limitations such as small sample sizes, single-
center studies, and heterogeneity in VR content and exposure
protocols highlight the need for more standardized, multi-site
trials. While several studies reported reductions in physio-
logic markers of stress (e.g., cortisol, HR, BP), few linked
these improvements to long-term outcomes, indicating a
future research priority. Aligned with the Knowledge-to-
Action (KTA) Framework,?>! which provides a structured
pathway for translating knowledge into real-world clinical
practice, this synthesis functions as a critical step in bridging
evidence and implementation. Field et al.,3% conducted a
citation analysis and systematic review confirming the KTA
model’s wide applicability across clinical settings and disci-
plines, further supporting its use in guiding the translation
of pediatric VR interventions into perioperative workflows.
Ultimately, VR stands out as a safe, non-pharmacologic, and
evidence-based strategy for pediatric anxiety reduction, of-
fering meaningful benefits for patients, families, and surgical
teams alike.

4.1 Strengths and limitations of VR use in pediatric pre-
operative care
While the reviewed evidence strongly supports the utility
of VR in reducing pediatric preoperative anxiety, it is es-
sential to acknowledge both its strengths and limitations to
provide a balanced perspective for clinical adoption. One of
the most notable strengths of VR is its immersive nature,
which captures a child’s attention through multi-sensory
engagement, thus diverting focus away from the surgical
environment.!'%271 The high level of cognitive absorption
provided by VR appears to be more effective than passive
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distractions, such as watching cartoons or playing games on
a tablet. The evidence suggests that immersive VR yields a
more significant reduction in anxiety scores, improves co-
operation during induction, and even lowers physiological
markers of stress.[”- 131 Furthermore, VR has been shown to
be acceptable to children, parents, and providers, indicating
that adoption would likely face minimal cultural or social
resistance.!!”!

Several limitations must be addressed to ensure the success-
ful and sustainable widespread implementation of VR in
pediatric perioperative care. One major limitation is the
heterogeneity of VR content across studies. Interventions
ranged from passive guided meditation scenes to interactive
gaming environments, which can significantly influence en-
gagement levels and anxiety reduction outcomes depending
on the child’s age, cognitive development, and type of pro-
cedure. This variability complicates the ability to establish
standardized protocols or recommend specific VR modali-
ties for distinct clinical settings.''”! Without uniformity in
content, it becomes difficult to compare results across stud-
ies or determine which types of VR experiences are most
efficacious for different patient populations.

In addition to content variability, equipment-related chal-
lenges were frequently cited in the literature. Although many
studies highlighted the feasibility of using pre-loaded head-
sets with minimal technical training, operational barriers
related to device cost, maintenance, and infection control
protocols were identified. For instance, commercial VR sys-
tems designed for medical use such as the Oculus Quest 2
with specialized healthcare software can range from $400
to over $1,500 per unit, depending on software licensing,
warranty packages, and compatibility with hospital-grade
content.!'32°! For resource-limited or high-volume settings,
especially where multiple devices would be required to rotate
among patients, this cost can present a significant barrier to
adoption. Additionally, ongoing maintenance costs, includ-
ing software updates, replacement of hardware components
(e.g., straps, controllers), and procurement of disinfectable
covers or single-use face shields, further contribute to the

total cost of ownership.!3!

In surgical environments with immunocompromised patients
or pediatric infectious disease protocols, sanitization require-
ments were another major concern. VR headsets must be
thoroughly cleaned between uses using hospital-approved
disinfectants that do not degrade lenses or internal sensors.
Without integrated infection control workflows, this can de-
lay turnover between patients and add to nursing or child-life
specialists’ responsibilities.'” Some institutions have ex-
plored the use of UV disinfection units, disposable VR liners,
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or device-dedicated cleaning protocols, which can add addi-
tional indirect costs and logistical considerations.!!”! Taken
together, these financial and operational considerations high-
light that while VR technology is increasingly affordable
and user-friendly, upfront and maintenance costs, along with
hygiene requirements, must be factored into institutional
decisions regarding widespread implementation. Address-
ing these cost and workflow concerns will be essential for
sustainable integration of VR interventions into standard
perioperative practice.

Another critical limitation is the apparent gap between evi-
dence and real-world clinical adoption of VR. Despite robust
support in the literature, very few healthcare institutions have
formally integrated VR into routine perioperative protocols.
This implementation gap is often attributed to a lack of aware-
ness among clinicians, insufficient training, absence of stan-
dardized institutional policies, and competing operational
priorities.[*23 Without systems-level support and designated
champions to drive adoption, even evidence-backed inter-
ventions like VR can remain underutilized. Furthermore,
reimbursement policies and cost-justification studies are still
emerging, making it challenging for departments to secure
funding for VR programs.!?’!

These limitations highlight the importance of ongoing trans-
lational research aimed at defining best practices for VR
integration, addressing logistical barriers, and developing
scalable models that can be tailored to diverse healthcare
environments. As this synthesis demonstrates, while VR
holds considerable promise as a non-pharmacologic anxi-
olytic, thoughtful implementation strategies are required to
transform isolated successes into standardized, sustainable
clinical practice.

4.2 Recommendations for integration of VR in practice

To maximize the potential of VR in pediatric preoperative
care, several recommendations arise from this synthesis.
First, there is a need for standardized implementation pro-
tocols, including VR content selection, exposure duration,
and optimal timing of use (e.g., in preoperative holding areas
versus during anesthetic induction). Development of clinical
guidelines grounded in high-quality evidence, such as the
findings synthesized here, would support consistency, fidelity,
and quality assurance in VR delivery. These protocols would
also allow institutions to monitor outcomes systematically
and refine implementation strategies over time."’!

Second, institutional infrastructure and support must be es-
tablished to facilitate integration. This includes not only
budgeting for VR equipment and ensuring infection control
protocols for device maintenance but also investing in com-
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prehensive staff training. Nurse educators and advanced prac-
tice providers should lead these efforts, as their dual roles in
clinical education and policy implementation position them
to champion change. Importantly, training programs should
reflect adult learning principles, acknowledging the need for
self-direction, real-world relevance, and experiential learn-
ing as emphasized by Knowles, Holton, and Swanson.*®!
Their work underscores that adult learners benefit most from
active, problem-centered instruction designed to enhance
confidence, autonomy, and applicability to their professional
roles.

Third, multi-center randomized controlled trials using stan-
dardized VR protocols are needed to validate generalizability
across diverse pediatric populations. These studies should
evaluate not only immediate effects on anxiety and coop-
eration but also long-term outcomes, such as behavioral
recovery, caregiver satisfaction, and perioperative resource
utilization (e.g., reduced sedative use or faster case turnover).

Finally, to promote sustainability, health systems should em-
bed VR competencies into continuing education and staff
development frameworks, ensuring that VR is viewed as a
routine, evidence-based practice rather than an occasional
novelty. Ongoing collaboration with VR developers to cre-
ate age-appropriate, culturally sensitive, and clinically rele-
vant content will further enhance adoption and ensure align-
ment with patient-centered goals. By integrating VR training
into adult education curricula, health systems can empower
providers to embrace technological innovation with compe-
tence and confidence.®%!

5. CONCLUSION

The weight of high-level, high-quality evidence, as appraised
by the JHNEBP tool, validates VR’s use as a safe, feasi-
ble, and impactful intervention in perioperative pediatric
care. The results of this systematic rigorous literature syn-
thesis demonstrate that immersive VR is not only effective
at reducing preoperative anxiety in pediatric populations but
acceptable to healthcare providers, caregivers, and institu-
tional systems. There is a clear rationale for incorporating
this technology into standard nursing and anesthesia practice.
By adopting VR as a distraction-based intervention, periop-
erative care providers can directly address one of the most
common and impactful psychological stressors for children
undergoing surgery. Implementation of VR can also enhance
workflow efficiency by reducing the time and effort required
to calm distressed pediatric patients.
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