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Medical procedures often evoke pain, distress, and 
anxiety.1 Especially in children, these feelings not 
only severely affect comfort levels during medi-

cal procedures but are also associated with adverse conse-
quences, such as attempts to escape,2 poor recovery,3 eating 
and sleeping disturbances,3 and posttraumatic stress symp-
toms.4 Furthermore, as pain and anxiety can lead to avoid-
ance of health care,5,6 interventions are needed to address 
pain and anxiety in pediatric patients.

Distraction is a commonly applied intervention during 
medical procedures. For example, the use of music7,8 and 
movies9,10 has been proven efficacious in reducing pain and 
anxiety. Virtual reality (VR) is a relatively new technique 
to provide distraction and might be more effective than 
traditional methods. VR consists of a computer-generated 
environment, in which orientation and 3-dimensional inter-
action are possible. This environment is projected right in 
front of the user’s eyes via advanced head-mounted displays 
(HMDs), including a wide field of view and motion track-
ing systems.11 VR can create full immersion, which is a feel-
ing of presence in the virtual environment.11,12 Importantly, 
more immersion is related to more pain reduction, because 
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E META-ANALYSIS

KEY POINTS
•	 Question: Is virtual reality (VR) effective in reducing pain and anxiety in pediatric patients 

undergoing medical procedures?
•	 Findings: VR was most often used as a distraction method during medical procedures and 

was found to be significantly more effective in reducing pain (14 studies) and anxiety (7 stud-
ies), with large effect sizes, than care as usual (CAU).

•	 Meaning: VR can be used effectively as a distraction method in clinical practice, but more research 
is needed to establish evidence on VR exposure as a preparation tool for medical procedures.
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less attention is available for pain perception.13,14 VR is espe-
cially engaging for children, as they often become truly 
captivated by imaginative play.15 Beyond providing dis-
traction, VR can also alleviate pain and anxiety by provid-
ing exposure. Recently, VR exposure has been applied in a 
more preventive manner, to make patients feel at ease and 
increase their familiarity with the medical procedures and 
environments.16,17 This preprocedural application of VR has 
not been thoroughly evaluated yet.

While the amount of research investigating the effect 
of VR on alleviating pain and anxiety has increased over 
the past years, studies are often small and encompass a 
wide variety of medical procedures. This emphasizes the 
need for a systematic evaluation of VR in pediatric popu-
lations. Although some reviews are available on the effec-
tiveness of VR on pain,18,19 the effectiveness on anxiety 
has received little attention. This is remarkable, because 
anxiety can intensify pain.20 Only 1 meta-analysis is avail-
able on VR interventions,21 but no meta-analysis has spe-
cifically focused on children. This distinction is important, 
because children are potentially even more affected by 
discomfort of medical procedures and might experience 
VR differently than adults.

In this meta-analysis, we will collate evidence on the 
effectiveness of VR as either a distraction or an exposure 
tool, compared to standard care, on pain and anxiety in 
pediatric patients undergoing medical procedures.

METHODS
We followed the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) guidelines for the 
reporting of meta-analyses of randomized controlled trials 
(RCTs).22

Selection Criteria
Studies reporting on the effect of VR on reducing pain and/
or anxiety in pediatric patients ≤21 years of age undergo-
ing medical procedures were considered eligible for the 
systematic review. VR was defined as a fully immersive 
3-dimensional computer-generated environment displayed 
in surround stereoscopic vision on an HMD. Studies that 
used 360° videos, which are not computer generated, dis-
played on a VR HMD were considered eligible as well. 
Studies were included in the meta-analysis if they had at 
least the following data available: a mean or median score 
for pain or anxiety during the procedure, as well as a mea-
sure of dispersion, for both the intervention and standard 
care groups. If not available, we requested these data by 
contacting the authors.

Exclusion criteria were the application of VR in nonso-
matic patients samples, audiovisual glasses that offer visual 

and audio stimulation but do not allow interaction between 
the user and the computer-generated world, or no distinc-
tion made between pediatric and adult patients. Reviews, 
meta-analyses, single-case studies, dissertations, conference 
papers, and abstracts were excluded as well.

Search Strategy
An exhaustive search in the following electronic databases 
was established and conducted by a biomedical information 
specialist on April 25, 2018 for articles published in English: 
EMBASE, MEDLINE, CENTRAL, PubMed, Web of Science, 
and PsycINFO. No date limit was applied to the search. The 
search terms “VR” and “children” or “adolescents” were 
used. For each database, different search strategies were 
developed. Table 1 gives an overview of the search terms 
that were used.

Data Extraction
A detailed overview of the study selection process is 
shown in Figure 1. The search yielded 2889 articles. Two 
of the authors (R.E. and P.F.A.d.N.) first assessed the iden-
tified studies for compliance with the inclusion and exclu-
sion criteria, independently. Discrepancies (2%) were 
discussed until consensus was reached. Based on title and 
abstract, 44 of the 2889 studies were included. Next, both 
authors screened the full texts of these articles, indepen-
dently. Discrepancies (16%) were discussed until consen-
sus was reached. We excluded 27 of the 44 studies. Most 
of these studies (n = 11) were excluded because they did 
not use VR. Other reasons included, but were not limited 
to, overlap with a different age group or no inclusion of 
pediatric patients (see Figure 1). The final 17 studies were 
included.

Assessment of Study Quality
Two authors (R.E. and P.F.A.d.N.) independently evaluated 
the included studies with the Delphi list23 (Table 2) to evalu-
ate their methodologic quality. The Delphi list is often used 
in systematic reviews and is able to measure internal valid-
ity, external validity, and statistical aspects.23 The Delphi 
list contains of 9 items, with equal weights, which can be 
evaluated as satisfactory (yes: scored 1) or nonsatisfactory 
(no: scored 0). Discrepancies in scores (17%) were discussed 
until consensus was reached.

For our assessment, criterion 7 (“Was the patient 
blinded?”) was omitted, as it is impossible to be blinded to 
wearing a VR HMD or not. Consequently, the maximum 
possible score for studies in this review was 8 points.

Criteria 5 (“Was the outcome assessor blinded?”) and 
6 (“Was the care provider blinded?”) also concern blind-
ing but were not omitted, as these criteria could be either 

Table 1.   Literature Search Terms Used for Keywordsa

No. Keywords Included
1 Virtual reality Virtual reality, virtual reality exposure therapy
2 Children Boy, child, childhood, girl, infant, kid, pediatrics, preschool, school, toddler
3 Adolescents Adolescence, adolescent, high school, juvenile, minor, prepubescent, prepuberty,  

pubescent, puberty, teen, teenager, underaged, youth
  1 AND 2 OR 3  
aThe following electronic databases were searched: EMBASE, MEDLINE, CENTRAL, PubMed, Web of Science, and PsycINFO.
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applicable (when VR was applied before the medical pro-
cedure and outcome assessment) or nonapplicable (when 
VR was applied during the medical procedure and outcome 
assessment).

Synthesis of Results
For the purpose of this systematic review and meta-anal-
ysis, we did not include data on distress, maladaptive 
behavior, nor physiological measures of arousal, such as 
heart rate. We only included data on pain and anxiety out-
comes based on behavioral observations, self-reports, or 
questionnaires.

Mean scores and SDs for pain and anxiety during the 
procedure in VR intervention and standard care condi-
tions were either extracted from articles, calculated using 
median scores and interquartile ranges, or received from 
authors. Other non–VR intervention conditions were not 
taken into account in our analyses. Data were entered into 
a worksheet in Comprehensive Meta-analysis software ver-
sion 2 (Biostat Inc, Englewood, NJ) by 2 authors (R.E. and 

B.D.). The following data were also collated and entered 
into Comprehensive Meta-analysis: first author, publica-
tion year, title of study, sample size per condition, mean age 
per condition, medical procedure, assessment instruments, 
quality score, informant, and study design. We used patients 
as primary source of data within each study, because pain 
and anxiety are subjective experiences. Observations of 
pain and anxiety made by caregivers and professionals (eg, 
nurse or researcher) were also entered into the worksheet. 
Assessment instruments for pain and anxiety were classed 
as either visual scales (ie, visual analog, graphic rating, and 
different faces scales) or questionnaires. Study design was 
divided into parallel or crossover designs. For crossover 
designs, data from the first period only, that is, before cross-
over, were included when available. When authors merely 
provided combined data from both periods, as if groups 
were parallel, these data were used. When data were avail-
able on different components of pain (eg, cognitive, affec-
tive, and sensory pain) the sensory component of pain was 
used in the meta-analysis.

Records identified through database searching
(n = 4,415)

Records after duplicates removed
(n = 2,889)

Records screened
(n = 2,889)

Records excluded
(n = 2,845)

Full text articles assessed for eligibility
(n = 44)

Studies included 
(n = 17)

Full text articles excluded (n = 27)
for following reasons:

No virtual reality (n = 11)
Overlap with adults (n = 7)

Only adults (n = 3)
No full text article (n = 3)

Pain or anxiety not an outcome (n = 2)
No empirical study (n=1)

Studies included in
qualitative synthesis

(n = 13 for pain;
n = 7 for anxiety)

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

El
ig

ib
ili

ty
In

cl
ud

ed

Figure 1. Preferred Reporting Items for 
Systematic Reviews and Meta-analyses 
(PRISMA) flowchart of study selection.

Table 2.   Delphi List for Quality Assessment of Randomized Clinical Trials
Criteria Evaluation

1. Treatment allocation: Was a method of randomization performed? Yes (1)/No (0)
2. Treatment allocation: Was the treatment allocation concealed? Yes (1)/No (0)
3. Were the groups similar at baseline regarding the most important prognostic indicators? Yes (1)/No (0)
4. Were the eligibility criteria specified? Yes (1)/No (0)
5. Was the outcome assessor blinded?a Yes (1)/No (0)
6. Was the care provider blinded?a Yes (1)/No (0)
7. Was the patient blinded? [omitted]b  
8. Were point estimates and measures of variability presented for the primary outcome measures? Yes (1)/No (0)
9. Did the analyses include an intention-to-treat analysis? Yes (1)/No (0)
aThe applicability of criteria 5 and 6 depends on the moment at which virtual reality was applied. When virtual reality was applied before the medical procedure 
and outcome assessment, the maximum possible score was 8. When virtual reality was applied during the medical procedure and outcome assessment, the 
maximum possible score was 6.
bCriterion 7 was not applicable.
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Pain and anxiety were analyzed separately. Effect sizes 
were generated as standardized mean difference (SMD) by 
calculating the mean difference on pain or anxiety outcomes 
between VR and standard care conditions during the proce-
dure and dividing the result by the pooled SD.

Meta-analyses for either pain or anxiety were con-
ducted for overall effect sizes of VR compared to control 
conditions. Because of the heterogeneity of studies, a ran-
dom-effects model was used. Sensitivity analyses were 
performed by removing the study with the largest effect 
size and studies with low methodological quality (ie, a 
quality score of 0–2) from both meta-analyses. Separate 
sensitivity analyses were run for type of medical proce-
dure. Furthermore, we investigated whether informant 
affected VR effectivity. To achieve a more reliable estimate 
of effect sizes, we also excluded outlying and low-quality 
studies from these analyses. To explore if young children 
respond differently to VR interventions than older chil-
dren, a meta-regression analysis was performed with 
mean age of the study samples as predictor and a random-
effects model (with methods of moments).

Heterogeneity was assessed using the I2 statistic, with 
values ≥75% indicating substantial heterogeneity.24 In case 
of substantial heterogeneity, subanalyses were performed 
to explore sources of heterogeneity. Publication bias was 
assessed with funnel plot asymmetry and Egger tests.25 
All analyses were performed using Comprehensive Meta-
analysis software version 2.

RESULTS
Study Characteristics
Table 3 summarizes the main characteristics and results of 
the studies. We organized the final 17 studies based on the 
type of medical procedure. In 16 studies, VR was applied as 
a distraction technique during dental care (n = 2),26,27 burn 
care (n = 6),28–33 oncological care (n = 4),34–37 or venous access 
(n = 4).38–41 Oncological care includes quite heterogeneous 
procedures (ie, lumbar puncture),35 port access (piercing 
of the skin to access a previously implanted catheter in 
the chest for chemotherapy),36,37 or chemotherapy.34 Only 1 
study applied VR preprocedurally, before elective surgery 
under general anesthesia (n  =  1).42 The studies were con-
ducted between 1999 and 2018. The number of included 
patients of the studies varied between 7 and 143, with a 
median of 38.

Fourteen studies were RCTs, of which 10 used a parallel 
design and 4 studies a crossover design. All RCTs compared 
the VR intervention group to care as usual  (CAU). CAU 
was often not well defined. However, CAU varied widely 
and could involve either no distraction or rather inten-
sive distraction, such as watching television or listening to 
music. Moreover, not all studies made clear whether or not 
parents remained present during the procedure, nor which 
pharmacological analgesia were used. Three RCTs added a 
third condition to their designs: movie distraction,32 playing 
a non–VR computer game,36 or applying external cold and 
vibration.40 The 3 non–RCTs trials were quasi-experimental, 
of which 2 did not use randomization,26,39 while the other 
study used an interrupted time series design with removed 
treatment.34

The age range of participants for 16 of the 17 studies 
varied between 4 and 21 years. One study reported a mean 
age of 6.5 years but did not indicate the age range.29 Studies 
were heterogeneous regarding VR environments (software) 
and VR hardware.

Study Quality Assessment
We assessed all included studies with the Delphi list23 to 
evaluate their methodologic quality. Blinding of the out-
come assessor and caregiver (criteria 5 and 6 of the Delphi 
list) was only applicable to the study of Ryu et al42 because 
they applied VR before, instead of during, the medical 
procedure. Therefore, the maximum possible score for this 
study was 8, while for the other studies, the maximum pos-
sible score was 6 (as the 2 criteria regarding blinding were 
not applicable).

The included studies varied in quality, as the qual-
ity scores ranged between 0 and 6 (see Table  3 for qual-
ity scores). The average quality score was 3.5 (SD = 1.7). 
Most studies had moderate quality, whereas 5 studies had 
high quality (ie, a maximum score, or 1 point below maxi-
mum). Four studies had poor quality (ie, a score of 0–2). 
Even though in 76% (n = 13) a method of randomization 
was performed, only 18% (n = 3) of the studies guaranteed 
a concealed treatment allocation. The majority of studies 
stated that a randomization scheme or table was used, but 
not enough information was provided to ensure that the 
allocation procedure was not transparent before assign-
ment. In more than half of the studies, groups were simi-
lar at baseline regarding characteristics such as age, sex, 
and degree of injury (n = 10, 59%). Inclusion and exclusion 
criteria were not described precisely enough for 6 stud-
ies (35%). Seven studies (41%) included intention-to-treat 
analysis.

Other specific findings that could have influenced study 
quality were as follows: initially, Das et al28 (burn care) only 
included patients who experienced burns for the first time, 
but they let some patients participate more than once (ie, 
11 trials were undertaken from 7 patients). Piskorz and 
Czub39 (venous access) let children play a VR game. If they 
enjoyed it, these children were included in the VR condi-
tion. Afterward, the authors collected data for the control 
group (who had not tried out the VR game). Gerceker et 
al40 excluded all unsuccessful phlebotomy attempts from 
their analyses (ie, when there was no blood flow into the 
tube within 5 seconds during the first attempt). Ryu et al42 
observed less anxiety during the preoperative period but 
did not assess anxiety during induction of anesthesia, when 
anxiety peaks.

Virtual Reality and Pain Management
As shown in Figure 2, effect sizes for patient-reported pain 
could be generated for 14 of the 17 studies. For 2 studies, 
means and SDs were calculated using median values and 
interquartile ranges.32,35 Calculated effect sizes were positive 
when VR reduced pain more than CAU. Across all studies, 
using a random-effects model, the weighted effect size of 
VR on pediatric pain during a medical procedure was large 
(SMD  =  1.30; 95% CI, 0.68–1.91; P  <  .001). This indicated 
a substantial clinical benefit, but heterogeneity of study 
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effects was high (I2 = 93.3%). A sensitivity analysis was per-
formed by excluding the outlying study, that is, the study 
with the largest effect size (Gerceker et al40) and studies with 
low methodological quality.29,39 This analysis still suggested 
effects of VR with an attenuated but still medium to large 
effect size, which indicated a robust effect (SMD = 0.73; 95% 
CI, 0.35–1.11; P < .001). Though, still substantial, this analy-
sis had lower heterogeneity (I2 = 78.3%).

The following sensitivity analyses were performed after 
removal of the outlying study40 and low-quality studies29,39 
to achieve a more reliable estimate of effect sizes. Sensitivity 
analyses were run for caregivers and professionals as observ-
ers of pediatric pain. We found significant results based on 
both types of informants (caregivers31,33,36,41: SMD  =  0.47; 
95% CI, 0.22–0.72; P  <  .001; I2  =  0.0%, professionals31,33,36: 
SMD = 0.82; 95% CI, 0.48–1.15; P < .001; I2 = 0.0%). Finally, 
we ran sensitivity analyses on self-reported pain for each 
type of medical procedure, when data from >1 study were 
available. We found significant effects for burn care28,30–33 
(SMD  =  0.66; 95% CI, 0.40–0.91; P  <  .001; I2  =  0.0%) and 
venous access38,41 (SMD = 0.32; 95% CI, 0.01–0.62; P = .046; 
I2 = 0.0%) but not for oncological care35–37 (SMD = 0.65; 95% 
CI, −0.26 to 1.57; P = .159; I2 = 76.3%). The suggested effect 
of VR for observed pain and for self-reported pain during 
burn care and venous access was associated with decreased 
effect sizes, but also with zero heterogeneity.

A random-effects model (with methods of moments) 
was used for the meta-regression analysis with age as a pre-
dictor. The results suggested that VR interventions for pain 
reduction were more efficacious for younger than for older 
children (P = .015). More specifically, the effect size of VR on 
pain decreased with 0.26 when age increased with 1 year. 
After removing the study with the largest effect size,40 age 
was still a significant predictor of the effect of VR on pain 
(P < .001).

Virtual Reality and Anxiety Management
Effect sizes for patient-reported anxiety could be gener-
ated for 7 of the 17 studies (Figure 3). For 1 study, mean and 
SD were calculated using median value and interquartile 
range.42 Using the random-effects model, a large effect size 
was found for VR on anxiety (SMD  =  1.32; 95% CI, 0.21–
2.44; P = .020). This indicated substantial clinical benefit, but 
heterogeneity of study effects was high (I2 = 96.6%). A sen-
sitivity analysis was performed by excluding the outlying 
study (Asl Aminabadi et al27) and studies with low meth-
odological quality.34,39 This analysis still suggested effects of 
VR (SMD = 0.50; 95% CI, 0.20–0.79; P = .001) with an attenu-
ated but still medium effect size, which indicated a robust 
effect. Moreover, heterogeneity decreased significantly in 
this analysis (I2 = 22.4%).

The following sensitivity analyses were performed after 
removal of the outlying study27 and low-quality studies34,39 to 
achieve a more reliable estimate of effect sizes. Unfortunately, 
very limited data were available for caregivers and profes-
sionals as observers of pediatric anxiety. We were only able 
to run a separate analysis for caregiver as informant,36,41 
which did not yield a significant result (SMD  =  0.31; 95% 
CI, −0.02 to 0.63; P  =  .067; I2  =  0%). Regarding different 
types of medical procedures, only for oncological care, 
enough data were available to run a sensitivity analysis 
on self-reported anxiety,36,37 which yielded a significant 
result (SMD = 0.53; 95% CI, 0.10–0.96; P =  .015; I2 = 0.0%). 
The effect of VR during oncological care was associated  
with a decreased effect size but also with zero heterogeneity.

A random-effects model (with methods of moments) was 
used for the meta-regression analysis with age as a predic-
tor. The results suggested that VR interventions for anxiety 
reduction were more efficacious for younger than for older 
children (P = .023). More specifically, the effect size of VR on 
anxiety decreased to 0.35 when age increased with 1 year. After 

Figure 2. Random-effects meta-analysis for the effect of VR on patient-reported pain during a medical procedure compared to CAU. Note: 
study effect for Gerceker et al40 is out of range. CAU indicates care as usual; VR, virtual reality.
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removing the study with the largest effect size,27 age was still 
a significant predictor of the effect of VR on anxiety (P = .037).

Publication Bias and Heterogeneity
Funnel plots for pain and anxiety showed asymmetry, but 
Egger regression asymmetry tests did not confirm the pres-
ence of a significant publication bias for pain (P = .105) nor 
anxiety (P = .282). Funnel plots indicated that there was one 
clear outlier for pain40 and one for anxiety.27 These outliers 
correspond to the studies with the largest effect sizes which 
we have removed from the sensitivity analyses.

As discussed above, substantial heterogeneity of study 
effects was found for the overall meta-analysis on pain 
(I2  =  93.3%) and anxiety (I2  =  96.0%). We found that the 
outlying and low-quality studies were important sources 
of heterogeneity, because removal of these studies was 
associated with decreased heterogeneity (I2  =  78.3% for 
pain and I2  =  22.4% for anxiety). Moreover, the available 
data suggested that the different medical procedures were 
an important source of heterogeneity as well because the 
study effects of these sensitivity analyses were associated 
with zero heterogeneity.

DISCUSSION
This is the first systematic review and meta-analysis 
that specifically focused on VR in pediatric patients. 
Our meta-analysis, based on 14 studies for pain and 7 
studies for anxiety, showed VR to be an effective tool to 
diminish patient-reported pain (SMD = 1.30) and anxiety 
(SMD  =  1.32) during a range of medical procedures. The 
effect of VR on pediatric pain was also significant when 
observed by caregivers or professionals. For anxiety, lim-
ited observer data were available on VR effectivity. Due to 
small groups, it was difficult to compare VR effectivity in 
different types of medical procedures. VR was most often 
applied during burn care.

Our results showed that VR interventions for pain and 
anxiety were potentially more efficacious for younger than 
for older children. A possible explanation is that younger 
children tend to have higher levels of anxiety before medi-
cal procedures.43,44 A different possible explanation is that 
VR is especially engaging for younger children, as they 

are often more engaged in magical thinking45 and become 
truly captivated by imaginative play.15

However, because the relationship of age with VR effi-
cacy on pain or anxiety could be different within each study 
compared to across studies, the relationship shown between 
age and VR efficacy in the meta-regression may not repre-
sent the true relation. This phenomenon is called ecological 
fallacy.46

VR was found to be significantly more effective in reduc-
ing pain and anxiety than CAU. However, it remains dif-
ficult to differentiate between the added value of VR over 
other forms of distraction, for example, watching television, 
and no distraction, because CAU was often not well defined. 
The high weighted effect sizes we found suggest that VR 
distraction is possibly more effective than other distraction 
interventions during medical procedures. For example, a 
Cochrane review47 found an effect size of 0.61 for the impact 
of distraction (eg, games, music, and toys) on self-reported 
pain during needle-related procedures. Similarly, a meta-
analysis including trials on music therapy as distraction 
during different types of medical procedures (eg, dental 
care, magnetic resonance imaging scans, and venipuncture) 
showed a significant reduction in pain and anxiety with an 
effect size of 0.35.48 Because VR exposure as a preparation 
tool for medical procedures is a fairly unexplored area of 
research, it is not (yet) possible to compare effect sizes for 
VR preparation to other forms of preparative interventions 
to reduce pain and anxiety during medical procedures.

The studies in the current systematic review and meta-
analysis varied in quality. Most studies applied random-
ization and clearly described their inclusion and exclusion 
criteria. However, concealed treatment allocation was often 
not guaranteed and intention-to-treat analyses were often 
not performed. Also, very few studies focused on possible 
moderating factors of VR effectivity, such as anxiety sensi-
tivity and temperament.

An important area of focus is immersion, which is 
influenced by interaction with the virtual environment by 
means of translation (changing position), rotation (chang-
ing orientation), point of view (perspective), and field of 
view.19,49 Non–VR content, that is, regular (cartoon) videos 
or 360° videos, creates less immersion, because the user 

Figure 3. Random-effects meta-analysis for the effect of VR on patient-reported anxiety during a medical procedure compared to CAU. Note: 
study effect for Asl Aminabadi et al27 is out of range. CAU indicates care as usual; VR, virtual reality.
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is limited to the filmmaker’s movements and progress of 
the video. This difference in content is important, as it has 
been hypothesized that more immersion is related to more 
pain reduction, because less attention is available for pain 
perception.13,14 Even though some studies included ques-
tions about subjective feelings of immersion, it is difficult 
to objectively analyze this phenomenon. During certain 
medical procedures, for example, dental treatment, patients 
were required to keep their head still, which may have lim-
ited immersion as well. True VR creates a more compelling 
illusion of presence in the virtual world than more passive 
audiovisual glasses and non–VR (360°) videos. However, 
the supposed superiority of VR over audiovisual glasses 
and non–VR content regarding efficacy in medical care has 
yet to be proven.11 Therefore, the role of immersion should 
be a focus of future research.

Implications
VR distraction has a large impact on pediatric pain and 
anxiety during medical procedures, especially for younger 
children. This easy-to-use tool can be used effectively in 
clinical practice. More research like the study of Ryu et al42 is 
needed to establish evidence on VR exposure as preparation 
to reduce pain and anxiety during medical procedures. This 
is crucial, because anticipatory anxiety can lead to more 
pain and distress during the medical procedure itself.50,51

Limitations
The following limitations should be taken into account 
when interpreting the results of the current review and 
meta-analysis. First, effect sizes for patient-reported anxi-
ety could be generated for only 7 studies. Second, limited 
observer data were available, especially for anxiety out-
comes. Third, means and SDs were estimated using median 
values and interquartile ranges for 3 studies.32,35,42 This 
was necessary to pool all data, but is unclear how reliable 
these estimations are. Fourth, substantial heterogeneity was 
present in the findings. We have identified outlying and 
low-quality studies as important sources of heterogeneity. 
Moreover, there was a difference in effect of VR for dif-
ferent medical procedures, so one should be careful when 
generalizing the suggested effect for VR to clinical practice. 
However, in our opinion, the mean pooled effect of all med-
ical procedures still provides the most useful information, 
especially because certain procedures have not been stud-
ied extensively or have not been studied at all, regarding 
VR interventions. Finally, the included studies applied vari-
ous kinds of VR software, which could have influenced the 
amount of immersion and VR effectivity. On the other hand, 
it is also possible that VR software only plays a small role, 
as Kenney and Milling21 found no differences in their meta-
analysis between commercially available VR games and VR 
software that was specifically developed for distraction.

CONCLUSIONS
This systematic review and meta-analysis indicate that pedi-
atric patients undergoing a range of medical procedures 
benefit from VR as a tool to reduce pain and anxiety. Due to 
limited available observer data, we could not provide insight 
into possible differences in perspective between patients, 
caregivers, and professionals. VR research in pediatrics has 

mainly focused on VR as a distraction tool. Using VR expo-
sure as a preparation tool could be an innovative way to 
decrease anxiety and pain before and during medical proce-
dures. However, further research into this field is needed. E

ACKNOWLEDGMENTS
We would like to thank biomedical information specialists 
Gerdien B. de Jonge, MSc, and Wichor M. Bramer, MSc, of 
the Medical Library, Erasmus Medical Center, University 
Medical Center Rotterdam, Rotterdam, the Netherlands, for 
their assistance in conducting the systematic literature search.

DISCLOSURES
Name: Robin Eijlers, MSc.
Contribution: This author helped perform the literature searches, 
study selection, and statistical analyses; extract the data; write 
the protocol draft, which was revised for important intellectual 
content by all other authors; and approve the final version of the 
manuscript.
Name: Elisabeth M. W. J. Utens, PhD.
Contribution: This author, as principal investigator of this project, 
helped provide important intellectual content and approve the final 
version of the manuscript.
Name: Lonneke M. Staals, MD, PhD.
Contribution: This author helped provide important intellectual 
content and approve the final version of the manuscript.
Name: Pieter F. A. de Nijs, MD, PhD.
Contribution: This author helped perform the literature searches 
and study selection, provide important intellectual content, and 
approve the final version of the manuscript.
Name: Johan M. Berghmans, MD.
Contribution: This author helped provide important intellectual 
content and approve the final version of the manuscript.
Name: René M. H. Wijnen, MD, PhD.
Contribution: This author helped provide important intellectual 
content and approve the final version of the manuscript.
Name: Manon H. J. Hillegers, MD, PhD.
Contribution: This author helped provide important intellectual 
content and approve the final version of the manuscript.
Name: Bram Dierckx, MD, PhD.
Contribution: This author helped extract the data, perform statisti-
cal analyses, provide important intellectual content, and approve 
the final version of the manuscript.
Name: Jeroen S. Legerstee, PhD.
Contribution: This author helped interpret the results of statistical 
analyses, provide important intellectual content, and approve the 
final version of the manuscript.
This manuscript was handled by: James A. DiNardo, MD, FAAP.

REFERENCES
	 1.	 Ploghaus A, Narain C, Beckmann CF, et al. Exacerbation of 

pain by anxiety is associated with activity in a hippocampal 
network. J Neurosci. 2001;21:9896–9903.

	 2.	 Chorney JM, Kain ZN. Behavioral analysis of children’s response 
to induction of anesthesia. Anesth Analg. 2009;109:1434–1440.

	 3.	 Kain ZN, Mayes LC, Caldwell-Andrews AA, Karas DE, 
McClain BC. Preoperative anxiety, postoperative pain, and 
behavioral recovery in young children undergoing surgery. 
Pediatrics. 2006;118:651–658.

	 4.	 Meentken MG, van Beynum IM, Legerstee JS, Helbing WA, 
Utens EM. Medically related post-traumatic stress in children 
and adolescents with congenital heart defects. Front Pediatr. 
2017;5:20.

	 5.	 Wong ML, Chia KS, Yam WM, Teodoro GR, Lau KW. Willingness 
to donate blood samples for genetic research: a survey from a 
community in Singapore. Clin Genet. 2004;65:45–51.

	 6.	 Inal S, Kelleci M. Distracting children during blood draw: look-
ing through distraction cards is effective in pain relief of chil-
dren during blood draw. Int J Nurs Pract. 2012;18:210–219.

	 7.	 Aitken JC, Wilson S, Coury D, Moursi AM. The effect of music 
distraction on pain, anxiety and behavior in pediatric dental 
patients. Pediatr Dent. 2002;24:114–118.



Review and Meta-analysis of VR in Pediatrics

November 2019 • Volume 129 • Number 5	 www.anesthesia-analgesia.org	 1353

	 8.	 Whitehead-Pleaux AM, Baryza MJ, Sheridan RL. The effects of 
music therapy on pediatric patients’ pain and anxiety during 
donor site dressing change. J Music Ther. 2006;43:136–153.

	 9.	 Landolt MA, Marti D, Widmer J, Meuli M. Does cartoon movie 
distraction decrease burned children’s pain behavior? J Burn 
Care Rehabil. 2002;23:61–65.

	10.	 Mifflin KA, Hackmann T, Chorney JM. Streamed video clips to 
reduce anxiety in children during inhaled induction of anesthe-
sia. Anesth Analg. 2012;115:1162–1167.

	11.	 Wismeijer AA, Vingerhoets AJ. The use of virtual reality and 
audiovisual eyeglass systems as adjunct analgesic techniques: a 
review of the literature. Ann Behav Med. 2005;30:268–278.

	12.	 Malloy KM, Milling LS. The effectiveness of virtual reality dis-
traction for pain reduction: a systematic review. Clin Psychol 
Rev. 2010;30:1011–1018.

	13.	 Hoffman HG, Sharar SR, Coda B, et al. Manipulating presence 
influences the magnitude of virtual reality analgesia. Pain. 
2004;111:162–168.

	14.	 Gutierrez-Martinez O, Gutierrez-Maldonado J, Cabas-Hoyos 
K, Loreto D. The illusion of presence influences VR distrac-
tion: effects on cold-pressor pain. Stud Health Technol Inform. 
2010;154:155–159.

	15.	 Lillard AS. Pretend play skills and the child’s theory of mind. 
Child Dev. 1993;64:348–371.

	16.	 Bekelis K, Calnan D, Simmons N, MacKenzie TA, Kakoulides 
G. Effect of an immersive preoperative virtual reality experi-
ence on patient reported outcomes: a randomized controlled 
trial. Ann Surg. 2017;265:1068–1073.

	17.	 Eijlers R, Legerstee JS, Dierckx B, et al. Development of a virtual 
reality exposure tool as psychological preparation for elective 
pediatric day care surgery: methodological approach for a ran-
domized controlled trial. JMIR Res Protoc. 2017;6:e174.

	18.	 Pourmand A, Davis S, Marchak A, Whiteside T, Sikka N. 
Virtual reality as a clinical tool for pain management. Curr Pain 
Headache Rep. 2018;22:53.

	19.	 Won AS, Bailey J, Bailenson J, Tataru C, Yoon IA, Golianu B. 
Immersive virtual reality for pediatric pain. Children (Basel). 
2017;4:1–15.

	20.	 Woo AKM. Depression and anxiety in pain. Rev Pain. 2010; 
4:8–12.

	21.	 Kenney MP, Milling LS. The effectiveness of virtual reality 
distraction for reducing pain: a meta-analysis. Psychology of 
Consciousness: Theory, Research, and Practice. 2016;3:199–210. 

	22.	 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. 
Preferred reporting items for systematic reviews and meta-anal-
yses: the PRISMA statement. Ann Intern Med. 2009;151:264–269.

	23.	 Verhagen AP, de Vet HC, de Bie RA, et al. The Delphi list: a 
criteria list for quality assessment of randomized clinical trials 
for conducting systematic reviews developed by Delphi con-
sensus. J Clin Epidemiol. 1998;51:1235–1241.

	24.	 Melsen WG, Bootsma MC, Rovers MM, Bonten MJ. The 
effects of clinical and statistical heterogeneity on the predic-
tive values of results from meta-analyses. Clin Microbiol Infect. 
2014;20:123–129.

	25.	 Egger M, Davey Smith G, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple, graphical test. BMJ. 1997; 
315:629–634.

	26.	 Sullivan C, Schneider PE, Musselman RJ, Dummett CO Jr, 
Gardiner D. The effect of virtual reality during dental treat-
ment on child anxiety and behavior. ASDC J Dent Child. 2000; 
67:193–196.

	27.	 Asl Aminabadi N, Erfanparast L, Sohrabi A, Ghertasi Oskouei 
S, Naghili A. The impact of virtual reality distraction on pain 
and anxiety during dental treatment in 4-6 year-old children: a 
randomized controlled clinical trial. J Dent Res Dent Clin Dent 
Prospects. 2012;6:117–124.

	28.	 Das DA, Grimmer KA, Sparnon AL, McRae SE, Thomas BH. 
The efficacy of playing a virtual reality game in modulating 
pain for children with acute burn injuries: a randomized con-
trolled trial [ISRCTN87413556]. BMC Pediatr. 2005;5:1.

	29.	 Chan EA, Chung JW, Wong TK, Lien AS, Yang JY. Application 
of a virtual reality prototype for pain relief of pediatric burn in 
Taiwan. J Clin Nurs. 2007;16:786–793.

	30.	 Schmitt YS, Hoffman HG, Blough DK, et al. A randomized, 
controlled trial of immersive virtual reality analgesia, during 
physical therapy for pediatric burns. Burns. 2011;37:61–68.

	31.	 Kipping B, Rodger S, Miller K, Kimble RM. Virtual real-
ity for acute pain reduction in adolescents undergoing burn 
wound care: a prospective randomized controlled trial. Burns. 
2012;38:650–657.

	32.	 Jeffs D, Dorman D, Brown S, et al. Effect of virtual reality on 
adolescent pain during burn wound care. J Burn Care Res. 2014; 
35:395–408.

	33.	 Hua Y, Qiu R, Yao WY, Zhang Q, Chen XL. The effect of vir-
tual reality distraction on pain relief during dressing changes 
in children with chronic wounds on lower limbs. Pain Manag 
Nurs. 2015;16:685–691.

	34.	 Schneider SM, Workman ML. Effects of virtual reality on symp-
tom distress in children receiving chemotherapy. Cyberpsychol 
Behav. 1999;2:125–134.

	35.	 Sander Wint S, Eshelman D, Steele J, Guzzetta CE. Effects of dis-
traction using virtual reality glasses during lumbar punctures 
in adolescents with cancer. Oncol Nurs Forum. 2002;29:E8–E15.

	36.	 Gershon J, Zimand E, Pickering M, Rothbaum BO, Hodges L. 
A pilot and feasibility study of virtual reality as a distraction 
for children with cancer. J Am Acad Child Adolesc Psychiatry. 
2004;43:1243–1249.

	37.	 Wolitzky K, Fivush R, Zimand E, Hodges L, Rothbaum BO. 
Effectiveness of virtual reality distraction during a pain-
ful medical procedure in pediatric oncology patients. Psychol 
Health. 2005;20:817–824.

	38.	 Gold JI, Kim SH, Kant AJ, Joseph MH, Rizzo AS. Effectiveness 
of virtual reality for pediatric pain distraction during i.v. place-
ment. Cyberpsychol Behav. 2006;9:207–212.

	39.	 Piskorz J, Czub M. Effectiveness of a virtual reality intervention 
to minimize pediatric stress and pain intensity during veni-
puncture. J Spec Pediatr Nurs. 2018;23:1–6.

	40.	 Gerceker GO, Binay S, Bilsin E, Kahraman A, Yilmaz HB. 
Effects of virtual reality and external cold and vibration on pain 
in 7- to 12-year-old children during phlebotomy: a randomized 
controlled trial. J Perianesth Nurs. 2018;33:981–989.

	41.	 Gold JI, Mahrer NE. Is virtual reality ready for prime time in the 
medical space? A randomized control trial of pediatric virtual 
reality for acute procedural pain management. J Pediatr Psychol. 
2018;43:266–275.

	42.	 Ryu JH, Park SJ, Park JW, et al. Randomized clinical trial of 
immersive virtual reality tour of the operating theatre in chil-
dren before anaesthesia. Br J Surg. 2017;104:1628–1633.

	43.	 Davidson AJ, Shrivastava PP, Jamsen K, et al. Risk factors for 
anxiety at induction of anesthesia in children: a prospective 
cohort study. Paediatr Anaesth. 2006;16:919–927.

	44.	 Jay SM, Ozolins M, Elliott CH, Caldwell S. Assessment of 
children’s distress during painful medical procedures. Health 
Psychol. 1983;2:133.

	45.	 Bolton D, Dearsley P, Madronal-Luque R, Baron-Cohen S. Magical 
thinking in childhood and adolescence: development and rela-
tion to obsessive compulsion. Br J Dev Psychol. 2002;20:479–494.

	46.	 Thompson SG, Higgins JP. How should meta-regression analy-
ses be undertaken and interpreted? Stat Med. 2002;21:1559–1573.

	47.	 Uman LS, Birnie KA, Noel M, et al. Psychological interventions 
for needle-related procedural pain and distress in children and 
adolescents. Cochrane Database Syst Rev. 2013;10:CD005179.

	48.	 Klassen JA, Liang Y, Tjosvold L, Klassen TP, Hartling L. Music 
for pain and anxiety in children undergoing medical proce-
dures: a systematic review of randomized controlled trials. 
Ambul Pediatr. 2008;8:117–128.

	49.	 Cummings JJ, Bailenson JN. How immersive is enough? A 
meta-analysis of the effect of immersive technology on user 
presence. Media Psychology 2016;19:272–309.

	50.	 Blount RL, Piira T, Cohen LL, Cheng PS. Pediatric procedural 
pain. Behav Modif. 2006;30:24–49.

	51.	 American Academy of Pediatrics. Committee on Psychosocial 
Aspects of Child and Family Health; Task Force on Pain in 
Infants, Children, and Adolescents. The assessment and man-
agement of acute pain in infants, children, and adolescents. 
Pediatrics 2001;108:793–797.


