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Abstract

Background Virtual reality (VR) and augmented reality (AR) are emerging technologies that can be used for car-
diopulmonary resuscitation (CPR) training. Compared to traditional face-to-face training, VR/AR-based training

has the potential to reach a wider audience, but there is debate regarding its effectiveness in improving CPR quality.
Therefore, we conducted a meta-analysis to assess the effectiveness of VR/AR training compared with face-to-face
training.

Methods We searched PubMed, Embase, Cochrane Library, Web of Science, CINAHL, China National Knowledge
Infrastructure, and Wanfang databases from the inception of these databases up until December 1, 2023, for ran-
domized controlled trials (RCTs) comparing VR- and AR-based CPR training to traditional face-to-face training.
Cochrane’s tool for assessing bias in RCTs was used to assess the methodological quality of the included studies. We
pooled the data using a random-effects model with Review Manager 5.4, and assessed publication bias with Stata
11.0.

Results Nine RCTs (involving 855 participants) were included, of which three were of low risk of bias. Meta-analyses
showed no significant differences between VR/AR-based CPR training and face-to-face CPR training in terms of chest
compression depth (mean difference [MD], -0.66 mm; 95% confidence interval [Cl], -6.34 to 5.02 mm; P=0.82), chest
compression rate (MD, 3.60 compressions per minute; 95% Cl, -1.21 to 8.41 compressions per minute; P=0.14), overall
CPR performance score (standardized mean difference, -0.05; 95% Cl,-0.93 to 0.83; P=0.91), as well as the proportion
of participants meeting CPR depth criteria (risk ratio [RR], 0.79; 95% Cl, 0.53 to 1.18; P=0.26) and rate criteria (RR, 0.99;
95% Cl,0.72 to 1.35; P=0.93). The Egger regression test showed no evidence of publication bias.

Conclusions Our study showed evidence that VR/AR-based training was as effective as traditional face-to-face CPR
training. Nevertheless, there was substantial heterogeneity among the included studies, which reduced confidence
in the findings. Future studies need to establish standardized VR/AR-based CPR training protocols, evaluate the cost-
effectiveness of this approach, and assess its impact on actual CPR performance in real-life scenarios and patient
outcomes.
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Background

Sudden cardiac arrest is a primary health problem
around the globe and is estimated to account for 15-20%
of all natural deaths in adults [1]. Early and efficient car-
diopulmonary resuscitation (CPR) could improve the
survival rate after cardiac arrest [2, 3]. However, the rate
of bystander CPR and the quality of both in-hospital and
out-of-hospital CPR are still low [4-7].

Simulation training is an effective method for improv-
ing CPR quality, and instructor-guided face-to-face train-
ing has long been the standard [8, 9]. Under the guidance
of a qualified instructor, practicing CPR on manikins over
time can result in proficient performance. However, tra-
ditional face-to-face CPR training has several limitations.
Firstly, it requires the availability of qualified instructors
and training facilities, which can limit accessibility, par-
ticularly in remote areas and for the general public [9].
Secondly, evidence suggests that individuals may experi-
ence a decline in CPR proficiency within 3 to 6 months
after receiving initial training [10, 11]. Consequently, to
maintain high-quality CPR performance, it is crucial to
increase the frequency of CPR training [12, 13]. However,
this can be challenging due to the limited resources and
accessibility associated with traditional face-to-face train-
ing. Thirdly, traditional training methods may not be suf-
ficiently engaging or interactive for learners, potentially
leading to reduced retention and skill acquisition[14].

Virtual reality (VR) and augmented reality (AR) are
emerging technologies that are rapidly gaining traction in
medical education [15, 16]. VR/AR can provide immer-
sive, interactive, multi-sensory, and realistic learning
environments [17]. To date, VR/AR-based CPR training
programmes have been developed. Using VR/AR, CPR
training can be conducted without an instructor or even
a manikin, allowing for training to be available at any
time or place [8, 18]. Compared to face-to-face train-
ing, VR/AR-based training has the potential to reach a
wider audience, particularly with the rapid advancement
of technology. It addresses the limitations of traditional
methods by offering increased accessibility and flexibil-
ity. Additionally, VR/AR-based training can provide an
engaging and interactive experience for learners, which
may enhance retention and skill acquisition[19, 20].
However, there is still a debate about whether VR/AR-
based training is more effective than face-to-face train-
ing in improving CPR quality [7, 8, 18, 21, 22]. Therefore,
a meta-analysis is needed to draw a definite conclusion.
A previous study [23] has systematically reviewed the

available literature before October, 2021 on this topic,
but they did not conduct a meta-analysis because of the
limited number of studies included. In the present study,
we conducted a meta-analysis to compare the efficiency
between VR/AR training and face-to-face training, aim-
ing to provide evidence on VR/AR use for CPR training.

Materials and methods

This study was conducted and reported in accord-
ance with the Preferred Reporting Items for System-
atic Review and Meta-Analysis (PRISMA) guidelines
[24]. The study protocol was registered in PROSPERO
(CRD42023482286).

Search strategy

We searched for randomized controlled trials (RCTs)
that investigated the efficacy of VR- or AR-based CPR
training compared to traditional face-to-face train-
ing. PubMed, Embase, Cochrane Library, Web of Sci-
ence, CINAHL, as well as two Chinese databases, China
National Knowledge Infrastructure and Wanfang data-
base, were searched. In accordance with our registered
protocol, a final search was conducted on December 1st,
2023, to identify publications prior to that date using the
following search strategy: “(virtual reality OR augmented
reality OR VR OR AR) AND (Cardiopulmonary Resus-
citation OR Heart Arrest OR Sudden Cardiac Arrest OR
Sudden Cardiac Death OR CPR OR basic life support
OR chest compression) AND random*” We imposed
no restrictions on language of publication. The detailed
search terms for each database are summarized in Sup-
plemental Table 1.

We also searched the WHO International Clinical
Trials Registry Platform, the International Standard
Randomized Controlled Trials Number registry, and
ClinicalTrials.gov to identify potentially relevant unpub-
lished studies [25, 26].

The reference lists of all included studies were also
checked for other relevant studies.

Selection criteria
We included studies if they met the following criteria:

Population—Participants undergoing adult CPR
training, including medical students, medical staff,
and laypersons.

Intervention—Adult CPR training using VR or AR
techniques during practice.
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Control—Traditional face-to-face adult CPR training.
Outcomes—Measures of CPR performance during
final examination, including chest compression depth
and rate, overall CPR performance scores, and the
proportion of participants meeting CPR guideline
quality criteria.

Study design—~Parallel-group RCTs.

We excluded studies that (1) involved pediatric or neo-
natal CPR training; (2) did not use VR/AR during practice
in the intervention group; (3) did not receive face-to-face
training in the control group; (4) did not report CPR
performance outcomes; or (5) were crossover or cluster
RCTs, or published as abstracts, editorials, or letters.

Study selection

Following the removal of duplicate citations, two inde-
pendent reviewers reviewed the titles and abstracts of
the identified articles. Upon passing the first eligibility
screening, the full texts of the studies were obtained in
order to determine whether they were eligible for inclu-
sion. The discrepancies were discussed and resolved with
the assistance of a third author.

Data extraction

Two reviewers independently extracted data from the
articles using a pre-designed data extraction form, and
any disagreements were resolved by a third reviewer. The
following information was extracted: author, publication
year, study location, sample size, medical background of
the participants, training techniques used in the inter-
vention and control groups, and outcomes of interest.

Primary and secondary outcomes

The primary outcome of the present study was the depth
and rate of chest compressions during CPR examination,
as they are key quality parameters strongly associated
with patient outcomes [8, 27]. The secondary outcomes
encompassed the overall CPR performance score and the
proportion of participants who met the quality criteria
specified in the CPR guidelines (i.e., 50 mm to 60 mm of
chest compression depth and 100 to 120 compressions
per minute) during examination. We defined the overall
CPR performance score as a measure calculated using
standardized checklists, such as the European Resus-
citation Council (ERC) endorsed CPR checklist and the
American Heart Association (AHA) adult CPR skills
testing checklist, which evaluate various aspects of CPR
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performance, including the sequence of steps, compres-
sion depth and rate, and other critical components.

Methodological quality assessment

The Cochrane tool for assessing risk of bias in RCTs
(RoB 2.0) [28] was used to assess the methodological
quality of the included studies. Two reviewers assessed
the methodological quality independently, with disa-
greements being resolved through discussion with a
third reviewer. The RoB 2.0 tool assesses bias in a num-
ber of domains, such as the bias arising from the ran-
domization process, the bias due to deviations from
intended interventions, the bias due to missing out-
come data, the bias in measurement of the outcome,
and the bias in selection of the reported result. Based
on these domains, studies were categorized as low,
some concerns, or high risk of bias.

Statistical analysis

The meta-analysis was conducted using Review Man-
ager 5.4. Risk ratios (RRs) were calculated with 95%
confidence intervals (CIs) for dichotomous data. Con-
tinuous data that had the same measure unit (i.e., depth
and rate of chest compressions) were calculated as
mean differences (MDs) with 95% ClIs, while continu-
ous data with different measure units, such as the over-
all CPR performance score, which used various scoring
systems, were calculated as standardized mean differ-
ences (SMDs) with 95% Cls. Data reported as medi-
ans and interquartile ranges were estimated as means
and standard deviations (SDs) based on the methods
described by Wan et al. [29] In assessing statistical het-
erogeneity between studies, the I? statistics were used
(30%-60%, 50%-90%, and 75%-100% representing mod-
erate, substantial, and considerable heterogeneity).
Assuming the existence of variations across individual
studies, we pooled the data using a random-effects
model. The statistical significance was set to P<0.05.
In the case of outcomes with insufficient data (fewer
than two studies), we conducted a narrative description
rather than a meta-analysis.

Subgroup analyses were conducted for the primary
outcome by type of participants (laypersons, medical
students, and medical staff), as well as the method used
in the intervention group (VR vs AR, with manikin vs
without manikin).

To evaluate whether the meta-analyses were robust,
we conducted sensitivity analyses for the primary out-
come, by including only studies with low risk of bias or
excluding those with estimated means and SDs.

For outcomes with three or more studies included in
an analysis, we used funnel plots and Egger’s regression
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tests to assess publication bias. These analyses were
performed using Stata 11.0.

Results

Study selection

Our search strategy identified 389 citations, with 383
obtained through database searching and 6 through other
sources. After removing duplicates and screening titles
and abstracts, the full texts of 35 studies were obtained in
order to determine their eligibility for inclusion. Finally, 9
studies were included in meta-analyses [7, 8, 18, 22, 30—
34]. Figure 1 illustrates the study flowchart and selection
process. The excluded studies and ongoing studies are
summarized in Supplemental Tables 2 and 3.

Characteristics of the included studies

Nine studies [7, 8, 18, 22, 30-34] involving 855 par-
ticipants were included in our study. These studies
were published between 2020 and 2023, and the sample
sizes ranged from 26 to 352. Studies were conducted in
China [31, 33, 34], Spain [18, 30], the Netherlands [8],
Korea [32], Taiwan [22], and the United Kingdom [7].
Among the studies, seven recruited laypeople [7, 8, 18,
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22, 30-32], one recruited medical student [34], and one
recruited medical staff [33]. In the intervention group, six
studies [7, 8, 18, 22, 32, 34] used VR and three studies [30,
31, 33] used AR during practice training; six studies [7,
22, 30—33] used a manikin during practice training while
three studies [8, 18, 34] did not. For all studies included
in this review, the control group received face-to-face
training with manikins. Table 1 summarizes the charac-
teristics of the included studies.

The quality of the included studies was moderate, with
three studies [7, 8, 31] found to be at low risk of bias. Fig-
ure 2 summarizes the risk of bias assessments.

Chest compression depth
Six studies [7, 8, 18, 30, 31, 34] (with 569 participants)
reported the depth of chest compression during CPR
examination. The pooled MD was -0.66 mm (95% CI,
-6.34 to 5.02 mm; P=0.82), indicating no significant dif-
ferences between VR/AR training and face-to-face train-
ing (Fig. 3).

Subgroup analyses revealed no significant differences
across subgroups. The results from both subgroup and
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Fig. 1 Flowchart of the study selection
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Table 1 Characteristics of the included studies
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Author and year

Country/region Type of participants Sample size

VR or AR used in
the intervention
group

Manikin used Outcomes
during VR/

AR-guided practice

Alcazar Artero 2023
[18]

Spain Layperson 64

Aranda-Garcia 2023
[30]

Chang 2023 [22]

Spain Layperson 60

Taiwan Layperson 45

Hou 2022 [31] China Layperson 27

Hubail 2022 [7] UK Layperson 26

Kim 2023 [32] Korea Layperson 121

Nas 2020 [8] Netherlands Layperson 352

Wu 2022 [33] China Medical staff 120

Zhou 2022 [34] China Medical students 40

VR No Depth and rate

of chest compres-
sions; Proportion

of participants meeting
CPR guidelines quality
criteria

AR Yes Depth and rate

of chest compressions

VR Yes Overall CPR perfor-

mance score

AR Yes Depth and rate

of chest compres-
sions; Proportion

of participants meeting
CPR guidelines quality
criteria

VR Yes Depth and rate
of chest compressions;
Overall CPR perfor-

mance score

VR Yes Overall CPR perfor-

mance score

VR No Depth and rate

of chest compres-
sions; Overall CPR
performance score;
Proportion of par-
ticipants meeting CPR
guidelines quality
criteria

AR Yes Overall CPR perfor-

mance score

VR No Depth and rate
of chest compressions;
Overall CPR perfor-

mance score

sensitivity analyses were consistent with the primary
analysis (Table 2; Supplemental Figs. 1-5).

Furthermore, the Egger’s regression test did not exhibit
any evidence of publication bias (P=0.097).

Chest compression rate
Six studies [7, 8, 18, 30, 31, 34] (with 569 participants)
reported chest compression rates during CPR examina-
tion. The pooled MD was 3.60 compressions per minute
[95% CI, -1.21 to 8.41 compressions per minute; P=0.14]
(Fig. 4), indicating no statistically significant difference
between VR/AR training and face-to-face training.
Subgroup analyses revealed a significant difference
among subgroups concerning the incorporation of mani-
kins during VR/AR-guided practice (P=0.02), while
no statistically significant differences were found in
the other subgroups (Table 3; Supplemental Figs. 6-8).

VR-based training exhibited higher chest compression
rates, whereas no significant association was observed
for AR-based training (Supplemental Fig. 7). Addition-
ally, the results showed that chest compression rates were
notably higher in scenarios where manikins were not
utilized during VR/AR-guided practice (Supplemental
Fig. 8).

Sensitivity analyses yielded consistent results with the
primary analysis (Table 3; Supplemental Figs. 9-10). The
Egger’s regression test demonstrated no evidence of pub-
lication bias (P=0.943).

Overall CPR performance score

The overall CPR performance score during CPR exami-
nation was reported in six studies [7, 8, 22, 32-34],
involving a total of 828 participants. The studies used
various checklists, including the AHA adult CPR skills
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Bias arising from the randomization process

Alcazar Artero 2023

’ Bias due to deviations from intended interventions

D
‘ . ‘ . . . . ‘ . Bias due to missing outcome data

)

Aranda-Garcia 2023 | ' ?

Chang 2023 | @
Hou2022 | @ | @
Hubail 2022 | @ | @
Kim 2023 | 2 | @
Nas 2020 | @ | @

Wu 2022 | ' ? ?

Zhou 2022 | ' ? ?

Fig. 2 Risk of bias summary. Green represents a low risk of bias, yellow some concerns, and red a high risk of bias

. ‘ . ‘ ‘ . . ' ‘ Bias in measurement of the outcome
. . ‘ . . ‘ . . . Bias in selection of the reported result
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VR/AR Face-to-face Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random % Cl
Alcazar Artero 2023 41 9 33 33 9 31 17.1% 8.00 [3.59, 12.41] -
Aranda-Garcia 2023 43.7 15.6 29 48.3 14.8 31 14.1% -4.60 [-12.31, 3.11] -
Hou 2022 559 6.5 14 542 66 13 16.6% 1.70 [-3.25, 6.65] T
Hubail 2022 45.07 8.58 13 47.23 43 13 16.4% -2.16 [-7.38, 3.06] ™
Nas 2020 491 10 175 56.8 54 177 18.7% -7.70 [-9.38, -6.02] b
Zhou 2022 56.4 3.7 20 556 95 20 17.0% 0.80 [-3.67, 5.27] T
Total (95% CI) 284 285 100.0%  -0.66 [-6.34, 5.02] *
Heterogeneity: Tau? = 44.04; Chi? = 56.87, df = 5 (P < 0.00001); 12 = 91% _‘50 25 5 2‘5 5(‘)

Test for overall effect: Z = 0.23 (P = 0.82)
Fig. 3 Forest plot for chest compression depth

Table 2 Results of subgroup and sensitivity analyses for chest compression depth

No. of studies No. of

Heterogeneity Pooled mean Significance Test for

participants difference (95% subgroup
q) difference
Type of participants P=0.67
Layperson 5 529 1°=92% -095[-7.66,5.75] P=0.78
Medical students 1 40 - 0.80[-367,527] P=073
VR or AR used in the intervention group P=0.95
VR 4 482 12=94% -0.391[-797,7.19] P=092
AR 2 87 1°=45% -0.73[-6.74,528] P=081
Manikin used during VR/AR-guided practice P=0.83
Yes 3 113 1°=8% -097[-4.38,244] P=0.58
No 3 456 1>=96% 0.21[-9.73,10.15] P=097
Sensitivity analysis -
Overall low risk of bias 3 405 1°=87% -3.06[-9.25,3.13] P=033
Data reported as mean and standard deviation 5 509 1°=93% 0.00 [-6.41,6.41] P=1.00
VR/AR Face-to-face Mean Difference Mean Difference
udy or Subgroup an a ean a eig 0 andom,95%ClI

Alcazar Artero 2023 102.1 133 33 89 121 31 17.3% 13.10 [6.88, 19.32] -

Aranda-Garcia 2023 123.3 156 29 1193 139 31 15.3% 4.00 [-3.50, 11.50] I

Hou 2022 108.95 3.91 14 111.06 4.77 13 21.9% -2.11[-5.41,1.19] -

Hubail 2022 111.07 21.39 13 113.69 14.31 13 8.0% -2.62[-16.61, 11.37] -

Nas 2020 1143 118 175 1086 11.6 177 23.0% 5.70 [3.26, 8.14] -

Zhou 2022 109.43 10.78 20 108.88 14.88 20 14.5% 0.55 [-7.50, 8.60] -

Total (95% CI) 284 285 100.0% 3.60 [-1.21, 8.41]

P . Chiz = —Ep= 12 = 809 } } } } }
Heterogeneity: Tau? = 24.67; Chi? = 24.58, df = 5 (P = 0.0002); |12 = 80% 50 25 0 25 50

Test for overall effect: Z = 1.47 (P = 0.14)
Fig. 4 Forest plot for chest compression rate

testing checklist (two studies) [33, 34], the ERC endorsed
CPR checklist (one study) [8], the skills testing checklist
of the Korea Association of CPR (one study) [32], and the
Assessment Checklist adopted from Resuscitation Coun-
cil UK (one study) [7]. One study [22] did not report the
specific checklist used.

The pooled SMD was -0.05 (95% CI, -0.93 to 0.83;
P=0.91) (Fig. 5), suggesting no significant difference
between the VR/AR training group and the face-to-face

training group. Moreover, the Egger’s regression test did
not indicate any evidence of publication bias (P=0.409).

Proportion of participants meeting CPR guidelines criteria
Three studies [8, 18, 31], comprising 443 participants,
reported the proportion of participants meeting CPR
guidelines criteria. The results indicated no significant
differences between VR/AR training and face-to-face
training in terms of chest compression depth within the
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Table 3 Results of subgroup and sensitivity analyses for chest compression rate

No. of studies No. of Heterogeneity Pooled mean Significance Test for
participants difference (95% subgroup
(d)] difference
Type of participants P=047
Layperson 5 529 1°=83% 4.11[-1.35,9.58] P=0.14
Medical students 1 40 - 0.55[-7.50,860] P=0.89
VR or AR used in the intervention group P=0.15
VR 4 482 1°=64% 5681[0.29,11.07] P=0.04
AR 2 87 1?=53% -0.02 [-5.70,5.66] P=0.99
Manikin used during VR/AR-guided practice P=0.02
Yes 3 113 1>=8% -097[-4.39,246] P=058
No 3 456 12=70% 6.70[0.96, 12.44]  P=0.02
Sensitivity analysis R
Overall low risk of bias 3 405 1°=86% 1.19[-5.54, 7.93] P=0.73
Data reported as mean and standard deviation 5 509 1°=84% 350[-2.08,9.09] P=0.22
VR/AR Face-to-face Std. Mean Difference Std. Mean Difference
r I Mean D Total Mean D Total Weigh 1V, Random, 95% CI 1V, Random % Cl
Chang 2023 83.6 20.1 22 947 10.8 23 16.4% -0.68 [-1.28, -0.08] "
Hubail 2022 8.53 2.25 13 9.61 1.66 13 15.5% -0.53 [-1.31, 0.26] B
Kim 2023 42.58 4.68 60 41.12 4.25 61 17.2% 0.32 [-0.03, 0.68] ™
Nas 2020 10 299 175 1233 0.75 177 17.5% -1.07 [-1.29, -0.85] -
Wu 2022 37.52 1.27 60 35.47 1.69 60 17.1% 1.36 [0.96, 1.76] -
Zhou 2022 92.6 3.02 20 91.85 3.01 20 16.3% 0.24 [-0.38, 0.87] I
Total (95% Cl) 350 354 100.0% -0.05 [-0.93, 0.83] ’
Heterogeneity: Tau? = 1.13; Chi2 = 128.82, df = 5 (P < 0.00001); I? = 96% 4 2 5 2 jt
Test for overall effect: Z=0.12 (P = 0.91)
Fig. 5 Forest plot for overall CPR performance score
VR/AR Face-to-face Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alcazar Artero 2023 6 33 2 31 6.3% 2.82[0.61, 12.93]
Hou 2022 9 14 10 13  33.5% 0.84 [0.51, 1.37] -
Nas 2020 89 175 133 177 60.3% 0.68 [0.57, 0.80] |
Total (95% Cl) 222 221 100.0% 0.79 [0.53, 1.18] -
Total events 104 145
Heterogeneity: Tau? = 0.06; Chi? = 3.94, df =2 (P = 0.14); I = 49% ' ! ! )
Test for overall effect: Z=1.13 (P = 0.26) 0.05 02 ! 5 20
Fig. 6 Forest plot for proportion of participants meeting CPR guidelines'depth criteria
VR/AR Face-to-face Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alcazar Artero 2023 18 33 8 31 15.3% 2.11[1.08, 4.14] -
Hou 2022 13 14 13 13 42.0% 0.93[0.77, 1.14]
Nas 2020 87 175 111 177  42.7% 0.79[0.66, 0.96] L
Total (95% Cl) 222 221 100.0% 0.99 [0.72, 1.35]
Total events 118 132
e Talz = 0 05 Chi2 = - _ |2 = 750 | | } t t
Heterogeneity: Tau? = 0.05; Chi? = 8.03, df = 2 (P = 0.02); I? = 75% 005 02 1 5 20

Test for overall effect: Z = 0.08 (P = 0.93)
Fig. 7 Forest plot for proportion of participants meeting CPR guidelines'rate criteria
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guideline range (RR, 0.79; 95% CI, 0.53 to 1.18; P=0.26)
(Fig. 6) and chest compression rate within the guideline
range (RR, 0.99; 95% CI, 0.72 to 1.35; P=0.93) (Fig. 7).
Additionally, the Egger’s regression test did not reveal
any evidence of publication bias (P=0.274 for compres-
sion depth; P=0.340 for compression rate).

Discussion

Our study results indicated that VR/AR-based CPR train-
ing yielded similar chest compression depths and rates,
comparable CPR performance scores, and an equivalent
proportion of participants meeting CPR guidelines when
compared to face-to-face training. According to these
findings, VR/AR-based training may be as effective as
traditional face-to-face training. However, substantial
heterogeneity was found among the included studies,
which reduced the level of confidence in the findings.

VR/AR technology can facilitate first-person active
learning through the creation of immersive and realis-
tic environments [17]. Immersive learning can enhance
learning efficiency, as knowledge is retained better when
it is directly experienced rather than observed or heard
[35]. Studies have demonstrated the effectiveness of VR/
AR in facilitating the acquisition of theoretical knowl-
edge, such as anatomy [36]. Furthermore, VR/AR has
demonstrated advantages in training skills such as sur-
gery and CPR [18, 37-39]. Incorporating VR/AR into
traditional face-to-face CPR training has been found to
enhance its effectiveness [22, 40]. Using interactive VR/
AR devices, individuals can learn CPR in an automated
setting without an instructor or even a manikin [8, 18].
Compared to face-to-face training, this approach would
reduce the requirement for qualified instructors and
training facilities. The benefits of VR/AR-based training
are particularly significant in specific situations, such as
the COVID-19 pandemic, when minimizing in-person
gatherings is essential and large-scale face-to-face train-
ing is not feasible [39].

A growing number of studies have examined the effec-
tiveness of VR/AR technologies for CPR training [8,
39, 41, 42]. Alcazar Artero et al. conducted a system-
atic review of literature published before October 2021
[23]; however, due to the limited number of RCTs avail-
able at that time, they did not perform a meta-analysis.
Since then, several RCTs have been published [7, 18, 22,
30-32]. Our study builds on this by incorporating these
recent RCTs and conducting a comprehensive meta-
analysis to quantitatively compare the effectiveness of
VR/AR-based CPR training with traditional face-to-face
training. We selected multiple outcome measures to
assess the effectiveness of CPR training. Our results indi-
cated that VR/AR-based training led to similar depths
and rates of chest compressions as face-to-face training,
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with sensitivity analysis confirming the robustness of
this finding. Additionally, our results showed that VR/
AR-based CPR training yielded comparable performance
scores and an equivalent proportion of participants meet-
ing CPR guidelines. These findings are consistent with
Alcazar Artero et al’s conclusion that VR/AR-based CPR
training could be an effective alternative to traditional
methods [23]. However, our meta-analysis provides more
robust evidence by quantitatively synthesizing the results
of available RCTs.

There was substantial heterogeneity among the
included studies. According to the results of subgroup
analyses, this could be attributed largely to the training
method in the VR/AR group, for example, using mani-
kins or not. The heterogeneity in the VR/AR-based train-
ing could also be attributed to other factors, such as the
different devices, platforms, and software used. Another
potential source of heterogeneity in the meta-analysis
could be the variation in assessment checklists for CPR
performance among the included studies. These check-
lists differ in their emphasis on specific aspects of CPR
performance and the allocation of points to various com-
ponents. Due to the limited number of included studies,
we were unable to conduct subgroup analyses regarding
these factors, nor were we able to identify which VR/AR
and training system was most effective for training. We
found that VR/AR-based training was more effective in
some subgroups, but these results are exploratory and
should be verified in future studies.

Our results suggest that VR/AR-based training may
serve as an alternative method to face-to-face training.
This finding may have significant implications for the
development of new CPR training patterns, since VR/
AR-based training is easily available and can be accessed
at any time or location [8, 18]. By providing VR/AR-
based training, it may increase the layperson CPR rate
and CPR performance quality. However, further research
is required to assess the effects of VR/AR-based training
on real-life CPR performance and patient outcome.

VR/AR-based training may have several limitations.
A significant consideration is the technology’s cost. The
expense varies widely depending on the device, platform,
and software used. High-quality VR/AR systems with
advanced features can be expensive, potentially limit-
ing accessibility in resource-limited settings. However,
as technology continues to advance, these costs may
decrease, making VR/AR-based training more accessi-
ble in the future. Future studies should evaluate the cost-
effectiveness of VR/AR-based CPR training.

The acceptance and usability of VR/AR technology
are additional concerns. Side effects such as dizziness,
blurred vision, and headaches associated with VR/AR
use [43] are typically temporary and can be alleviated
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by breaks; however, these effects may impact training
effectiveness and user comfort. Furthermore, inexperi-
enced users may require more time and effort to adapt,
potentially hindering initial training efficiency and out-
comes. A significant limitation of VR/AR-based training
is the lack of haptic feedback, particularly notable in the
absence of a manikin, which may compromise learners’
ability to accurately perform chest compressions and
other essential hands-on CPR skills. To overcome this
challenge, future research should investigate the integra-
tion of haptic feedback into VR/AR systems [44]. Addi-
tionally, variability in VR/AR content and instructional
design can impact the quality and effectiveness of train-
ing. Therefore, one of the primary objectives for future
research is to standardize VR/AR training protocols and
ensure high-quality instructional content to maximize
the benefits of these technologies.

Strengths and limitations
Our meta-analysis has several strengths. First, to our
knowledge, this is the first comprehensive meta-analysis
that thoroughly compares the efficacy of VR/AR-based
CPR training with face-to-face CPR training. Second,
we performed prespecified subgroup analyses to explore
potential sources of heterogeneity and conducted sensi-
tivity analyses to evaluate the robustness of our findings.
Several limitations should be acknowledged in our
study. First, there was substantial statistical heterogene-
ity among the included studies, possibly due to differ-
ences in participant characteristics and training methods.
This heterogeneity should be considered when interpret-
ing our findings. Second, our primary objective was to
compare VR/AR-based training with face-to-face train-
ing, so we did not compare the effectiveness of VR/AR
with other training methods, such as video or mobile
applications.

Conclusions

Our study showed evidence that VR/AR-based training
was as effective as traditional face-to-face CPR training.
Considering the accessibility of VR/AR-based training,
this finding may have significant implications for facili-
tating widespread dissemination of CPR training, poten-
tially increasing the proportion of laypersons trained in
CPR and improving the quality of CPR performance in
real-life situations. However, there was substantial heter-
ogeneity among the included studies, which reduced con-
fidence in the findings. Future research should establish
standardized VR/AR-based CPR training protocols and
high-quality instructional content, integrate haptic feed-
back into VR/AR systems, evaluate the cost-effectiveness
of this approach, and assess its impact on actual CPR
performance in real-life scenarios and patient outcomes.
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