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B MAIN POINTS B ABSTRACT

Central venous access devices
(CVADs) are commonly used in
paediatric oncology.

Virtual reality (VR) is a technology-
based distraction intervention that
has been increasingly used to sup-
port symptom management in chil-
dren.

This systematic review and meta-
analysis evaluated randomised con-
trolled trials investigating the ef-
fects of VR during CVAD access in
paediatric oncology patients.

VR interventions were associated
with reduced pain, fear, and anxiety
during CVAD access compared with
control conditions.

Findings suggest that VR may be
a useful non-pharmacological strat-
egy to support nurses and other
healthcare professionals in improv-
ing procedural experiences for chil-
dren with cancer.

Aim: Procedures involving central venous access devices (CVADs) are painful and distressing
for pediatric oncology patients. This systematic review and meta-analysis evaluated the efficacy
of virtual reality (VR) interventions in reducing pain, fear, and anxiety during CVAD puncture
among pediatric oncology patients.

Materials and Methods: PubMed, EBSCO, Web of Science, and the Cochrane Library were sys-
tematically searched from inception to September 2025. Randomized controlled trials (RCTs)
evaluating the use of VR for pain management during CVAD procedures in children and adoles-
cents under 18 years of age were included. Two independent reviewers performed study selec-
tion and data extraction, and assessed risk of bias using RoB 2.0. Effect sizes were pooled as
standardized mean differences using a DerSimonian--Laird random-effects model. Heterogene-
ity was quantified using the <2 and |2 statistics.

Results: Five RCTs were included (participants aged 6-18 years). VR reduced child-reported
pain (SMD=-1.11; 95% Cl: -1.82 to -0.40; I =82.4%). Parent-reported pain likewise favored VR
(SMD =-1.18; 95% Cl: -1.89 t0 -0.47; I> =82.0%). VR reduced child-reported fear (SMD = -1.29;
95% Cl: -2.33 t0 -0.25; |2 = 87.2%) and parent-reported fear (SMD = -1.46; 95% Cl: -2.00 to -0.91;
I2=36.1%). VR also lowered child-reported anxiety/distress (SMD =-1.18; 95% Cl: -1.73t0-0.62;
12 =61.4%). Parent-reported anxiety showed a statistically significant reduction (SMD = -1.12;
95% Cl: -2.08 t0 -0.16; 12 =85%). Risk of bias was generally low for randomization and outcome
completeness, whereas some concerns were identified in the risk of bias assessment, mainly
related to the lack of blinding.

Conclusion: VR interventions during CVADS access appear to be effective in reducing pain and
fear based on both child- and parent-reported outcomes, and they significantly reduce child-
reported anxiety; however, they also reduce parent-reported anxiety. However, the certainty of
the evidence is limited due to small sample sizes, heterogeneity, and methodological variability
across the included studies.
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EINTRODUCTION provements in survival rates, the side effects accompanying

cancer treatment continue to markedly impair the quality of
life of affected children [1,2]. In pediatric oncology, the use
of central venous access devices (CVADs) has become an inte-

Childhood cancer constitutes a major source of stress for both
children and adolescents due to prolonged treatment pro-
cesses, frequent hospital visits, and the physical and psychoso-
cial challenges associated with the disease [1]. Despite im-

gral component of clinical practice to ensure the safe and con-
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tinuous delivery of treatment [3,4]. These devices are com-
monly used for blood sampling, parenteral fluid and nutri-
tional support, chemotherapy administration, transfusion of
blood products, and stem-cell transplantation [3,5,6]. De-
pending on duration of use, insertion site, and the number
of lumens, various types of CVADs including non-tunneled
catheters, tunneled catheters (Broviac, Hickman, Groshong),
subcutaneous implanted ports, totally implanted venous ac-
cess systems, and peripherally inserted central catheters-are
utilized in clinical settings [3-5].

Cancer treatment inherently involves frequent and invasive
procedures, children often experience substantial pain, fear,
and psychological distress [7-11]. CVADs access, even when
supported with pharmacological approaches such as topical
anesthetics, is consistently reported by children as a painful
and frightening experience [12]. Given that access to CVADs
is a frequently repeated, invasive procedure in pediatric on-
cology, focusing on this context permits a more clinically rel-
evant evaluation of interventions to reduce procedure-related
distress.This is largely due to the needle insertion required
to access the CVADs; the insertion induces physiological no-
ciceptive responses. Compared with peripheral venous ac-
cess, CVADs-particularly implanted ports-are associated with
higher levels of pain during both insertion and access pro-
cedures [13]. Furthermore, a child undergoing a six-month
chemotherapy regimen may be exposed to approximately 25-
50 CVADs punctures, contributing to cumulative procedu-
ral burden [12]. Consequently, pain, fear, and anxiety expe-
rienced during CVADs access represent some of the most dis-
tressing aspects of cancer care for pediatric patients [14-16].

Psychological support and distraction-based interventions are
widely recommended as part of standard care to reduce pro-
cedural distress in children and adolescents receiving cancer
treatment. VR, a distraction technique offering immersive
and interactive sensory experiences, has emerged as an effec-
tive tool for modulating attention, emotional states, and neu-
robiological responses, thereby providing therapeutic bene-
fits during painful procedures [1,17]. Numerous studies have
shown that VR applications used during needle-related pro-
cedures, including CVADs access, successfully reduce acute
pain, fear, and anxiety in pediatric patients [18-21].
However, existing studies differ in sample characteristics, con-
trol conditions, and outcome measures, creating heterogene-
ity that limits the generalizability of findings. Furthermore,
current meta-analyses examining VR use in pediatric oncol-
ogy have focused primarily on needle-related procedures, and
no meta-analysis to date has specifically evaluated VR ef-
fectiveness during puncture of CVADs. Thus, synthesizing
RCTs that investigate VR during CVAD access is essential
to address this gap and to provide robust evidence to inform
clinical practice. The aim of this systematic review and meta-
analysis was to evaluate the effects of VR on pain, fear, and
anxiety during access to CVADs in pediatric oncology pa-
tients.
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E MATERIALS AND METHODS

This study is a systematic review and meta-analysis of RCTs
that evaluated the effect of VR applications on pain during
access via CVAD:s in pediatric oncology patients. Outcomes
related to anxiety and fear that were reported alongside pain
were included. The study selection process is reported in ac-
cordance with the PRISMA guidelines, and all search updates
are reflected in the PRISMA flow diagram [22] (Figure 1). A
detailed PRISMA 2020 checklist was completed and submit-
ted as required (Supplementary File 1).

Search strategy

RCTs published up to September 2025 were identified
by searching PubMed, EBSCO, Web of Science, and the
Cochrane Library. No time restrictions were applied during
theliterature search. The search strategy was implemented us-
ing the following keywords and their combinations, as listed
in Supplementary File 2 (Table S1).

Inclusion criteria
* Conducted with pediatric oncology patients,

* Designed as RCTs,

* Use of VR during CVADs access or procedure-related
pain,

* Quantitative assessment of pain including mean and
standard deviation,

Availability of full-text and published in English.

Exclusion criteria

* Reported combined data for pediatric and adult popu-
lations without separation,

* Presented outcomes of CVC puncture together with
other invasive procedures.

The primary outcome was pain, while secondary outcomes,
as prespecified, included fear and anxiety/distress. The meta-
analysis was designed and implemented according to the
PICOS framework (Population, Intervention, Comparator,
Outcomes, Study Design), with all inclusion and exclusion
criteria presented in Table 1.

Selection process

The literature search, study selection, data extraction, and
quality assessment for this review were carried out indepen-
dently by two researchers in three consecutive stages. In
the first stage, all records retrieved from the databases were
screened for duplicates, and duplicate entries were removed.
In the second stage, the titles and abstracts of the studies were
reviewed according to the inclusion criteria; the extracted in-
formation was compared for accuracy and consistency, and
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Identification of new studies via databases and registers
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studies via other methods
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Records removed for other
reasons (n = 15)
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o Records excluded™
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,| Reports not retrieved

(n=0)

Reports excluded: 13

-Full text unavailable (n=5)
-Lack of mean and standard
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-Insufficient methodological detail
(n=4)
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Figure 1. PRISMA flow diagram.

Table 1. PICOS framework.

Population (P)
Intervention (1)
Comparison (C)
Outcomes (0)

Study Design (S)

Children and adolescents undergoing CVC access during cancer treatment.
VR applications used during CVC/port access.

Standard care, no intervention, or other distraction techniques.

Primary: Pain

Secondary: Fear or anxiety

RCTs

any disagreements were resolved through consultation with a
third researcher. In the final stage, the full texts of potentially
eligible studies were examined against the inclusion and exclu-
sion criteria, and the final set of studies included in the review
was determined. The number of reviewers, their indepen-
dent operations, and the conflict-resolution procedure were
aligned with PRISMA guidelines. No automated screening
or selection tools were used.

Data extraction process

The inclusion criteria were operationalized in a data extrac-
tion form developed by the researchers, and the extraction
process was performed independently by two reviewers. This

form ensured systematic data collection from each included
study, capturing information such as the first author’s name,
publication year, sample size (intervention and control), char-
acteristics of the VR intervention, assessment tools, and pri-
mary outcomes (Table 2). Data extraction included partic-
ipant demographics, intervention components, VR device
specifications, control conditions, timing of assessments, and
statistical variables (means, standard deviations, and sample
sizes). When data were missing or unclear, study authors
were not contacted, and analyses were conducted using only
the reported values. Full electronic search strategies for each
database, including exact search strings, were documented

in Supplementary File 2 (Table S1). Additionally, reference
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Table 2. Characteristics of included studies (n=5).

Researcher, Year

Age, Intervention
(Participants, n)

Outcome Measure/Reporter

Qutcome

Gergeker et al.,
2021

6-17 years

Intervention group: VR
application (n = 21)
Control group: Standard
care (n=21)

Pain: Wong-Baker FACES Pain Rating Scale
(WB-FACES)-child and parent report
Fear: Child Fear Scale (CFS)-child and parent report

Anxiety: Children’s Anxiety Meter-State
(CAM-S)-child and parent report

Pain: In the VR group, both child- and
parent-reported mean pain scores during port
needle insertion were significantly lower compared
with the control group (p<0.001).

Anxiety and Fear: Post-procedure fear and anxiety
scores were significantly lower in the VR group
based on both child and parent reports (p<0.001;
p<0.001, respectively).

Hundert et al.,

8-18 years

Pain: Numeric Rating Scale (NRS)-child/adolescent

Pain: Although the likelihood of experiencing pain

2022 self-report, parent report, nurse report, and research ~ was three times higher in the iPad group compared
staff report with the VR group, this difference was not
statistically significant (p=0.123).
Intervention group: Fear: CFS-child/adolescent self-report, parent Distress: Participants in the iPad group had a
VR application (n = 20) report, nurse report, and research staff report 4.1-fold higher likelihood of experiencing distress
compared with the VR group; however, this finding
was not statistically significant (p=0.086). There
was no significant difference between groups in
overall distress scores (p=0.860).
Control group: Distress: Numeric Rating Scale Immersion: Immersion levels were significantly
Ipad watching (n = 19) (NRS)-child/adolescent self-report, parent report, higher in the VR group (p=0.031).
nurse report, and research staff report
Parent Distress Questionnaire-parent report
Immersion: Child/adolescent self-report
Savas et al., 6-12 years Pain: WB-FACES-child self-report and parent report Pain: Post-procedure pain scores reported by both
2024 children and mothers were significantly lower in the
intervention group (p<0.001; p<0.001, respectively).
Intervention group: Fear: CFS-child self-report and parent report Fear: Post-procedure fear scores reported by
VR application (n=31) children and mothers were significantly lower in the
intervention group (p<0.001; p<0.001, respectively).
Control group: Anxiety: Child Anxiety Scale--State-child self-report ~ Anxiety: Post-procedure anxiety scores reported by
Standard care (n=31) and parent report both children and mothers were significantly lower
in the intervention group (p<0.001; p<0.001,
respectively).
Physiological Parameter: Respiratory rate/minutes)  Respiratory Rate: Respiratory rate was significantly
lower in the intervention group (p<0.001).
Satisfaction: Visual Analog Scale (VAS) -child self Satisfaction: Satisfaction scores reported by
report and parent report children and mothers were significantly higher in the
intervention group (p<0.001; p<0.001, respectively).
Semerci et al., 7-18 years Pain: WB-FACES-child and parent report Pain: Mean procedural pain scores reported by
2021 children and parents were significantly lower in the
intervention group (p=0.001; p<0.001, respectively).
Intervention group:
VR application (n=36)
Control group:
Standard care (n=35)
Wolitzky et al., 7-14 years Pain: VAS-child, parent, and nurse report Pain: Based on researcher-reported assessments,
2005 mean pain scores in the VR group were significantly

Intervention group:
VR application (n=10)

Control group:
Standard care (n=10)

Children’s Hospital of Eastern Ontario Pain Scale
(CHEOQPS)-researcher report

Anxiety:How-I-Feel Questionnaire-child self-report

Distress:VAS-child, parent, and nurse report
Pulse: Heart rate/minutes

lower than those in the control group (p<0.01).
Heart Rate: Both intra-procedure and
post-procedure heart rate values were lower in the
VR group compared with the control group; the
difference was statistically significant during the
procedure (p<0.05), but not post-procedure
(p=0.12).

Abbreviations: VR; Virtual Reality, n; Number of Participants, WBFPS; Wong-Baker FACES Pain Rating Scale, CFS; Children’s Fear Scale, VAS; Visual Analog Scale,
NRS; Numerical Rating Scale, p; Probability, CHEOPS; Children’s Hospital of Eastern Ontario Pain Scale.
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Std. Mean Difference

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 pain

Gerceker et al 2021 24 18 21 53 18 21 235% -1.58 [-2.28, -0.88) ——

Hundert et al 2022 09 15 20 13 23 19 246% -0.20 [-0.83, 0.43] —=r

savas et al 2024 167 113 31 348 081 31 251% -1.82[-2.42, -1.22] =

semerci et al 2021 234 327 36 502 3.35 35 26.8% -0.80 [-1.29, -0.32] =

Wolitzky et al 2005 0 0 0 0 0 0 Not estimable

Subtotal (95% CI) 108 106 100.0%  -1.09 [-1.79, -0.39] R
Heterogeneity: Tau® = 0.42; Chi* = 16.51, df = 3 (P = 0.0008); I = 82%

Test for overall effect: Z = 3.06 (P = 0.002)

Total (95% CI) 108 106 100.0%  -1.09 [-1.79, -0.39] -l
Heterogeneity: Tau® = 0.42; Chi? = 16.51, df = 3 (P = 0.0009); I = 82% i 2 % 2 4

Test for overall effect: Z = 3.06 (P = 0.002)
Test for subgroup differences: Not applicable

Favours VR Favours control

(a) Children’s self-reported pain scores.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 pain
Gerceker et al 2021 24 17 21 a1 2 21 23.8% -1.43 [-2.11, -0.74] —
Hundert et al 2022 16 24 20 2 23 19 247% -0.17 [-0.80, 0.46)] .
savas et al 2024 168 0.96 31 351 092 31 25.0% -1.82 [-2.53, -1.31] -
semerci et al 2021 1.77 248 36 467 258 35 26.6% -1.14 [-1.65, -0.64] -
Wolitzky et al 2005 0 0 0 0 0 0 Not estimable
Subtotal (95% CI) 108 106 100.0% -1.16 [-1.86, -0.47] <t
Heterogeneity: Tau® = 0.41; Chi* = 16.19, df = 3 (P = 0.001); I? = 81%
Test for overall effect: Z = 3.26 (P = 0.001)
Total (95% CI) 108 106 100.0%  -1.16 [-1.86, -0.47] <l
Heterogeneity: Tau® = 0.41; Chi® = 16.19, df = 3 (P = 0.001); I = 81% j' fz z ,‘ia i

Test for overall effect: £ = 3.26 (P = 0.001)
Test for subgroup differences: Not applicable

Favours VR Favours control

(b) Parents’ reported pain scores.

Figure 2. Forest plot illustrating the effect of VR on pain scores.

lists of all included articles were screened manually to identify
any potentially eligible studies not captured through database
searching. No automation tools were used during the search
or selection processes.

Data items

Outcomes included pain intensity, fear, and anxiety/distress,
each assessed using validated measurement scales reported in
the original studies; when multiple measurements were avail-
able for the same outcome, the most clinically relevant time
point (needle insertion) was selected. Additional extracted
variables included age, sex distribution, diagnosis, types of
CVADs, characteristics of the VR content (active vs. passive
VR), type of control condition (routine care vs. distraction),
and study funding status.

Risk of bias assessment

The methodological quality of the included studies was evalu-
ated independently by two reviewers using the Cochrane Risk
of Bias (RoB)2 tool, as recommended by Cochrane for ran-
domized controlled trials. The RoB2 assessment was con-
ducted at the outcome level and covered five domains: (1)
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bias arising from the randomization process, (2) bias due to
deviations from intended interventions, (3) bias due to miss-
ing outcome data, (4) bias in measurement of the outcome,
and (5) bias in selection of the reported result. Any disagree-
ments between reviewers were resolved through discussion,
with consultation from a third researcher when necessary. All
domain-level judgments and final RoB2 decisions for each
outcome and each study are presented in Supplementary File
3 (Table S2a, S2b, and S2c), providing a transparent evalua-
tion of potential sources of bias.

Data synthesis

Continuous outcomes were pooled using Standardized Mean
Differences (SMD/Cohen’s d), as the use of different vali-
dated scales across studies (e.g., Wong Baker FACES, Numeric
Rating Scale, Visual Analog Scale) made raw mean differences
inappropriate for cross-study comparison. Statistical analyses
were performed using Review Manager 5.4.1. Given the an-
ticipated clinical and methodological variability across trials,
a random-effects model (DerSimonian-Laird) was prespeci-
fied as the primary analytical approach [23]. Statistical signif-
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Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

Favours VR Favours Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Gerceker et al 2021 0.8 09 21 2 1 21 33.0%
Hundert et al 2022 04 086 20 1.3 2.3 19 334%
Savas et al 2024 148 05 kXl 2.8 0.7 31 335%
Semerci et al 2021 0 0 0 0 0 0
Wolitzky et al 2005 0 1] 1] ] 1] 1]
Total (95% CI) 72 71 100.0%

Heterogeneity: Tau® = 0.59; Chi* = 12.85, df = 2 (P = 0.002); I = 84%
Test for overall effect: Z = 2.72 (P = 0.008)

-1.24 [-1.90, -0.57] -
-0.53 [-1.17, 0.11] —iH
-2.18 [-2.81, -1.54] -
Mot estimable
Mot estimable
-1.32 [-2.26, -0.37] e 3

4 2 0 2 4
Favours VR Favours control

(a) Children’s self-reported fear scores.

Favours VR Favours Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Gerceker et al 2021 08 09 21 2 1 21 46.3% -1.13 [1.79, -0.48] -
Hundert et al 2022 0 0 0 0 0 0 Not estimable
Savas et al 2024 162 065 31 287 0.8 31 537% -1.69[-2.28, -1.11] .
Semerci et al 2021 0 0 0 0 0 0 Not estimable
Wolitzky et al 2005 0 0 0 0 0 0 Not estimable
Total (95% CI) 52 52 100.0% -1.43 [-1.98, -0.89] L

Heterogeneity: Tau? = 0.06; Chi* = 1.55, df =1 (P =0.21); ¥ = 36%
Test for overall effect: Z = 5.15 (P < 0.00001)

4 2 0 2 -4
Favours VR Favours control

(b) Parents’ reported fear scores.

Figure 3. Forest plot illustrating the effect of VR on fear scores.

icance was set at p<0.05.

Heterogeneity was quantified using Cochrane’s Q (Chi?(3),
p<0.10), Tau?, and I? statistics, with I? used solely to describe
heterogeneity rather than to determine model selection [24].
Due to the limited number of trials, no subgroup, sensitivity,
or meta-regression analyses were performed. Because fewer
than ten studies were included, publication bias could not
be reliably assessed [23]. The certainty of evidence for each
outcome was evaluated using the GRADE approach. Overall
confidence in the estimates was rated low because of concerns
about risk of bias, inconsistency, imprecision, and small sam-
ple sizes.

B RESULTS
Study selection

A total of 398 records were identified through searches
conducted in PubMed, EBSCO, Web of Science, and the
Cochrane Library. After removing duplicates and conduct-
ing the title-abstract screening, 18 full-text articles were as-
sessed for eligibility. Studies were excluded if they were not
published in English, if pediatric and adult data were not ana-
lyzed separately, if outcomes from CVC access were combined
with other invasive procedures, if statistical data were incom-
plete, or if the full text was unavailable. Ultimately, five studies
met all eligibility criteria and were included in this systematic
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review and meta-analysis (Figure 1).

Characteristics of the studies

A total of five RCTs evaluating the effects of VR dur-
ing CVADs access in children undergoing cancer treatment
were included in this systematic review and meta-analysis [8-
10,25,26]. The studies, conducted between 2005 and 2024,
included participants aged 6-18 years. VR was used as the
intervention in all experimental groups, while the control
groups received either standard care [8-10,26] or a passive dis-
traction method such as an iPad-based activity [25] (Table 2).

VR in pain management

All five studies included in the meta-analysis assessed pain
outcomes. Four studies reported pain ratings obtained from
both children and their mothers [8,9,25,26], while one study
measured pain based on nurse assessments [10]. Pain eval-
uation tools used across the studies included the Wong-
Baker FACES Pain Rating Scale [8,9,26], the Numeric Rat-
ing Scale [25], and the Visual Analog Scale [25]. In the stud-
ies comparing VR with standard care, reductions in children’s
self-reported pain levels were consistently observed [8,9,26].
However, in the study comparing VR with an iPad-based dis-
traction method, no significant difference in pain outcomes
was identified between the groups [25].

https://doi.org/10.5455/annalsmedres.2025.11.359


https://doi.org/10.5455/annalsmedres.2025.11.359

Karatas and Gok

Systematic Review and Meta-Analysis

Std. Mean Difference

IV, Random, 95% ClI

Ann Med Res 2026;33(7):300-311

Std. Mean Difference
IV, Random, 95% CI

Favours VR Favours Control

Study or Subgroup  Mean SD Total Mean SD Total Weight
Gerceker et al 2021 29 2 21 5.4 2 21 26.0%
Hundert et al 2022 03 08 20 1.8 28 19 26.4%
Savas et al 2024 257 1.23 31 538 1.72 31 27.8%
Semerci et al 2021 0 0 0 0 0 0

Wolitzky et al 2005 12 16.36 10 3445 418 10 19.8%
Total (95% CI) 82 81 100.0%

Heterogeneity: Tau” = 0.20; Chi* = 7.92, df = 3 (P = 0.05); I’ = 62%
Test for overall effect: Z = 4.03 (P < 0.0001)

-1.23 [-1.89, -0.56] -
-0.72 [-1.37, -0.0T] -
-1.86 [-2.46, -1.25] -
Not estimable
-0.68 [-1.58, 0.23] —=r
-1.16 [-1.72, -0.60] <

1
4 2 0 2 4
Favours VR Favours control

(a) Children’s self-reported anxiety scores.

Favours VR Favours Control

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gerceker et al 2021 2.9 2 21 5.4 2 21 32.8% -1.23 [-1.89, -0.56] —

Hundert et al 2022 2 27 20 2.7 3 19 33.4% -0.24 [-0.87, 0.39]

Savas et al 2024 259 1.24 31 545 1.72 31 33.8% -1.88 [-2.49, -1.28] =

Semerci et al 2021 0 0 o] 0 0 0 Not estimable
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(b) Parents’ reported anxiety scores.

Figure 4. Forest plot illustrating the effect of VR on anxiety scores.

Under the random-effects model, the pooled effect size was
calculated as SMD=-1.09 (95% CI:-1.79 to -0.39). Between-
study heterogeneity was substantial (Tau?=0.42; 12=82%).
The overall effect test was statistically significant (Z=3.06,
p=0.002). Individual study effects ranged from -0.20 to -1.82,
with study weights varying between 23.5% and 26.8%. The
heterogeneity test yielded Chi*(3)=16.51, p= 0.0009 (Figure
2a).

Under the random-effects model, the pooled effect size was
calculated as SMD =-1.16 (95% CI: -1.86 to -0.47). Between-
study heterogeneity was high (Tau?= 0.41; 12= 81%). The
overall effect was statistically significant (Z= 3.26, p=0.001).
The heterogeneity test yielded Chi*(3)=16.19, p=0.001. Indi-
vidual study eftect sizes ranged from -0.17 to -1.92, with study
weights varying between 23.8% and 26.6% (Figure 2b).

VR in fear management

All three studies included in this systematic review and meta-
analysis assessed fear outcomes based on ratings provided by
both children and their mothers [8,25,26]. These studies uti-
lized the Child Fear Scale to measure fear levels [8,25,26].

In comparisons between VR and standard care, reductions
in fear levels were consistently observed according to both
child- and parent-reported assessments [8,26]. However, in
the study comparing VR with an iPad-based distraction ap-
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proach, no significant difference in fear scores was detected
between the groups [25].

Under the random-eftects model, the pooled effect size was
calculated as SMD=-1.32 (95% CI: -2.26 to -0.37). A
high level of heterogeneity was observed among the studies
(Tau?=0.59; I* = 84%). The heterogeneity test was signifi-
cant, Chi*(3)=12.85, p=0.002. The overall effect test also in-
dicated statistical significance (Z=2.72, p=0.006). Individual
study effect sizes ranged from -0.53 to -2.18, and study weights
varied between 33.0% and 33.5% (Figure 3a).

Under the random-effects model, the pooled effect size for
fear was calculated as SMD=-1.43 (95% CI:-1.98 to -0.89).
Between-study heterogeneity was low (Tau?= 0.06; I*= 36%),
and the heterogeneity test was not significant, Chi*(3)= 1.55,
p=0.21. The overall effect was statistically significant (Z=
5.15, p<0.00001). Individual study effect sizes ranged from
-1.69 to -1.13, and study weights ranged from 46.3% to 53.7%
(Figure 3b).

VR in anxiety/distress management

All three studies included in this systematic review and meta-
analysis assessed anxiety or distress using both child- and
parent-reported measures [8,10,25, 26], while one study ad-
ditionally included nurse-reported assessments [25]. The as-
sessment tools used across the studies included the Children’s
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Anxiety Meter State [8,26], the Numeric Rating Scale [25],
and the Visual Analog Scale [10].

In the comparison of VR with standard care, reductions in
anxiety and distress were reported. However, no significant
difference was observed in anxiety/distress scores in the study
comparing VR with an iPad-based distraction method [25].

Under the random-effects model, the pooled effect size was
calculated as SMD =-1.32 (95% CI: -1.96 to -0.67). Between-
study heterogeneity was moderate (Tau?= 0.19; = 59%),
and the heterogeneity test indicated no significance, Chi*(3)=
4.90, p=0.09. The overall effect test was statistically signif-
icant (Z= 4.01, p<0.00001). Individual study effect sizes
ranged from -0.68 to -1.86, with study weights varying be-
tween 26.7% and 37.9% (Figure 4a).

Under the random-eftects model, the pooled effect size was
calculated as SMD =-1.12 (95% CI: -2.08 to -0.16). Between-
study heterogeneity was high (Tau?= 0.61; 12= 85%), and the
heterogeneity test was significant, Chi*(3)= 13.70, p=0.001.
The overall effect was statistically significant (Z= 2.29, p=
0.02). Individual study effect sizes ranged from -0.24 to -1.88,
and study weights varied between 32.8% and 33.8% (Figure
4b).

Risk of bias traffic-light plot summarizing outcome-level
RoB2 assessments for all included randomized controlled tri-
als. Each domain reflects potential sources of bias as defined
by the Cochrane Risk of Bias 2.0 tool, including bias arising
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from the randomization process, deviations from intended in-
terventions, missing outcome data, measurement of the out-
come, and selection of the reported result. Green indicates
low risk of bias, yellow indicates some concern, and red in-
dicates high risk of bias. Risk-of-bias assessments were clas-
sified separately for pain, anxiety/distress, and fear outcomes
in all included randomized controlled trials. However, due to
the inherent nature of VR interventions in which participant
blinding is not feasible, the measurement of subjective out-
comes (pain, fear, and anxiety) was judged to have some con-
cerns’ in all trials. Furthermore, ’some concerns’ were noted
in the selective reporting domain for Semerci et al. [9] and
Wolitzky et al. [10] due to the absence of preregistered proto-
cols. Overall, the included studies were predominantly cate-
gorized as having ’some concerns,” consistent with the nature
of subjective, non-blinded interventions in pediatric procedu-
ral pain research. (Figure S). Detailed justifications for the
judgments regarding each outcome and study are provided in

Supplementary File 3 (Table S2a, S2b, and S2c).

B DISCUSSION

The results of this systematic review and meta-analysis, which
aimed to evaluate, based on existing RCT findings, the ef-
fects of VR on pain, fear, and anxiety during CVAD access
in pediatric oncology patients, are valuable because this is the
first study of its kind in the literature. Five RCTs, conducted
with children who used VR during CVADs access and pub-
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lished up to September 2025, were included in this review.
Among the five studies included in the meta-analysis, four as-
sessed pain based on child self-report, and four assessed pain
based on parent report. In addition, three studies evaluated
fear, and four evaluated anxiety and pain. VR used during
access to CVADs was effective in reducing pain, fear, and anx-
iety in children compared with children in the control group,
according to both child and parent reports. Although these
findings suggest a beneficial effect, the magnitude of the ob-
served effects should be interpreted with respect to their clini-
cal applicability, particularly given the procedural contextand
variability across studies. However, considering the risk of
bias (RoB) and the sample sizes of the included studies, the
certainty of the evidence must be interpreted cautiously. In
addition, the limited number of included studies and their
relatively small sample sizes may have reduced the statistical
power of the pooled analyses and may have limited the gener-

alizability of the findings.

Cancer diagnosis and treatment are physiologically and psy-
chologically challenging for children. Children are exposed to
long treatment protocols, painful procedures, and extended
hospitalizations [27,11]. CVADs, which are used to ensure
continuity and facilitate the application of treatment, may
contribute to improving the child’s comfort and quality of
life [28]. However, considering the duration and intensity of
treatment, an increase in the number of CVADs access proce-
dures may elevate the child’s pain, fear, and anxiety related to
the procedure [29]. Children may attempt to avoid the pro-
cedure and demonstrate non-compliance with treatment due
to the pain they experience [29]. Additionally, pain experi-
enced during CVAD:s access may lead to changes in the sym-
pathetic or parasympathetic system, increasing heart rate; this
may cause vasoconstriction and make vascular access more

difficult [28].

VR, which is one of the distraction techniques, may be used
to reduce the pain, fear, anxiety, and related physiological
changes that children experience during CVADs access [11].
In children who used VR during CVADs access, reductions
in heart rate [10], pain, fear, and anxiety were reported com-
pared with the control group [8,9,26]. Although these phys-
iological and emotional effects are promising, the strength of
supporting evidence remains limited, particularly because the
included studies varied substantially in intervention content,
measurement tools, and procedural conditions. This variabil-
ity contributes to heterogeneity across studies, which lowers
confidence in the pooled results despite consistent directional
findings; this heterogeneity is partly attributable to the use
of different outcome measurement tools (e.g., Wong-Baker
FACES, Numeric Rating Scale, and Visual Analog Scale), and
it also limits the extent to which pooled effect sizes can be di-
rectly compared or generalized to different clinical settings.

The studies included in this systematic review and meta-
analysis revealed that children who received VR reported sig-
nificantly lower pain levels compared with the control group.

Systematic Review and Meta-Analysis
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When the pain scores, which were the primary outcome of the
included RCTs, were examined, most studies with a high level
of evidence [8,9,26] reported a statistically significant and
clinically pronounced reduction in the VR group compared
to the control group. In contrast, Hundert et al. [25] did not
find a significant difference between the groups, despite show-
ing higher rates of pain-free procedures in the VR group. In
clinical practice, although topical anesthetic cream is applied
to the needle insertion site before CVADs access, procedural
pain often continues at a considerable level, and invasive inter-
ventions such as port needle insertion may exceed children’s
pain threshold [13]. The pain-reducing effect of VR may be
related not only to psychosocial distraction mechanisms but
also to potential neurophysiological processes associated with
multisensory immersion. The synchronized presentation of
visual and auditory stimuli may facilitate the activation of the
gate-control mechanism at the spinal level, reducing the trans-
mission of pain signals to the central nervous system [30,31].
This mechanism may contribute to decreased allocation of
cognitive resources to pain-related neural networks and re-
duce behavioral manifestations of pain intensity. These find-
ings are consistent with, but do not directly confirm, the pro-
posed neurophysiological mechanisms. The findings indicate
that VR is safe and applicable as a complementary method to
pharmacological analgesia in pediatric procedures. Although
the pooled results demonstrate statistically significant reduc-
tions in pain, the extent to which these reductions translate
into clinically meaningful improvements (e.g., improved pro-
cedural cooperation or reduced need for additional interven-
tions) may vary depending on the clinical setting and imple-
mentation conditions. Nevertheless, the certainty of evidence
for pain reduction was rated as moderate rather than high, re-
flecting the presence of methodological concerns and variabil-
ity among studies. Thus, while VR appears clinically bene-
ficial, further large-scale, high-quality RCTs are required to
confirm its analgesic effect with greater certainty.

The studies included in this systematic review and meta-
analysis also showed that children who used VR reported sig-
nificantly lower levels of fear and anxiety than children in
the control group. Gergeker et al. [8] and Savag et al. [26]
demonstrated that the VR intervention significantly reduced
procedural fear and anxiety in both child and parent reports;
while Wolitzky et al. [10] showed reductions in parent re-
ports. However, Hundert et al. [25] found no difference be-
tween the groups. This result may be explained by a mech-
anism in which psychological distraction processes that re-
duce threat perception, together with potential neurophysi-
ological modulation may operate. Immersive VR experience
diverts the child’s cognitive resources away from the proce-
dure by separating attention from threatening stimuli; this
may strengthen cognitive control executed in the prefrontal
cortex and anterior cingulate cortex and may contribute to
the suppression of limbic system activity [32,33]. Such neural
redirection may be associated with lower emotional responses
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during the procedure. Overall, the findings suggest that VR
may be an effective complementary intervention during pedi-
atric procedures to support emotional regulation and possible
neurobiological modulation of threat perception. However,
the certainty of the evidence for fear and anxiety outcomes is
limited because of small sample sizes, high heterogeneity, and
’some concerns’ identified in the Risk of Bias assessment, par-
ticularly the lack of blinding and reporting bias. Therefore,
while these emotional benefits are consistently observed, the
findings should be interpreted with caution and be confirmed
through larger, rigorously designed future trials.

The studies included in this systematic review and meta-
analysis also demonstrated that parent-reported levels of pain,
fear, and anxiety in children who used VR were significantly
lower than those of children in the control group. In general,
parents’ reports were consistent with children’s self-reports,
revealing that children in the VR group experienced signif-
icantly less pain, fear, and anxiety than those in the control
group. Parental reports across the included studies were con-
sistent with children’s self-reports, reinforcing the efficacy of
the VR intervention. In the studies by Gerceker et al. [8],
Semerci et al. [9], and Savas et al. [26], parents rated post-
procedural pain significantly lower in the VR group com-
pared to controls. Similarly, parents reported significantly re-
duced fear and anxiety levels in studies assessing these out-
comes [8,26]. While the pilot study by Hundertetal. [25] ob-
served a non-significant trend favoring VR in parental scores
due to limited sample size, Wolitzky et al. [10] reported a
strong correlation between parent and child assessments, un-
derscoring the reliability of parental observations in validat-
ing the benefits of VR. The consistent reduction in parental
reports suggests that VR may not only influence children’s
subjective experience but also positively affect parents’ obser-
vations of the procedure. The immersive nature of VR may
help redirect the child’s attention away from the intervention,
leading to a noticeable reduction in emotional reactions; this
may enable parents to perceive behavioral and physiological
cues as calmer and more manageable [34,35]. The strong ten-
dency in parent reports favoring VR is consistent with VR
functioning as a holistic intervention that may reduce emo-
tional burden for both children and parents. However, the
certainty of the evidence for parent-reported anxiety was rated
very low because of extreme heterogeneity and inconsistent ef-
fect sizes. For this reason, conclusions regarding parental per-
ceptions should be interpreted with caution.

The strength of the findings should be considered in the con-
text of the methodological quality and RoB of the included
RCTs. Our RoB 2 analysis demonstrated that the major-
ity of studies were at low risk across the domains of the ran-
domization process, deviations from intended interventions,
and missing outcome data. However, the VR intervention
was not amenable to blinding of participants and practition-
ers, which consequently resulted in ’some concerns’ regard-
ing the measurement of subjective outcomes (pain, fear, anx-
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iety) across all included studies. The potential for subjective
reports to be biased by the lack of blinding is a primary fac-
tor limiting the certainty of the evidence and represents an in-
herent methodological constraint that should be considered
when interpreting the magnitude of the observed effects. In
addition, the absence of preregistered protocols in the stud-
ies by Semerci et al. [9] and Wolitzky et al. [10] raises con-
cerns regarding selective reporting. The studies were generally
classified as >some concerns’, consistent with the nature of be-
havioral interventions in pediatric procedural pain research.
In addition, the restriction to English-language studies may
have introduced language bias. In addition, the study authors
were not contacted to obtain missing data, which may have
limited the completeness of the information available. These
methodological limitations indicate that the statistically sig-
nificant positive effects of VR should be interpreted with cau-
tious optimism, taking into account potential risks of bias,
rather than as definitive conclusions.

§ CONCLUSION

The results of this systematic review and meta-analysis indi-
cate that VR reduces pain, fear, and anxiety during CVAD
access in pediatric oncology patients, based on both child-
and parent-reported outcomes. While these findings are clin-
ically meaningful, their direct translation into routine clini-
cal practice should be approached with caution, as effect sizes
may vary depending on procedural context, VR content, and
patient characteristics, and the overall certainty of evidence-
particularly for fear and anxiety-remains limited due to small
sample sizes, methodological variability, and heterogeneity
among the included trials. Therefore, VR should be consid-
ered a promising complementary intervention rather than a
definitive standard of care.

In clinical practice, incorporating VR into routine access pro-
cedures for CVADs may help improve children’s procedu-
ral tolerance, reduce parental distress, and support health-
care professionals, such as nurses and physicians, in man-
aging invasive interventions. However, broader implemen-
tation should be guided by further high-quality research to
strengthen the evidence base and determine optimal VR pro-
tocols for different pediatric populations.
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