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Abstract 
Background: Virtual reality (VR) is an interesting and promising way to teach cardiopulmonary resuscitation (CPR) to adult 
laypersons as its high immersive characteristics could improve the level of skills and acquired knowledge in learning basic life 
support (BLS).

Methods: This systematic review assesses current literature about BLS training with VR and its possible effect on CPR-quality 
parameters, self-efficacy, perceived learning, and learners’ satisfaction and short and long-term patients’ outcome. We screened 
the Cochrane Library, PubMed, CINAHL, MEDLINE Ovid, Web of Science, and Scopus databases and included only clinical trials 
and quasi-experimental studies published from inception to October 1, 2021, which analyzed adult laypersons’ BLS training with 
the use of VR. Primary outcomes were CPR parameters (chest compression rate and depth, Automated External Defibrillator use). 
Secondary outcomes were self-efficacy, perceived learning and learners satisfaction, and patients’ outcomes (survival and good 
neurologic status). The risk of bias of included study was assessed using the Cochrane Handbook for Systematic Reviews of 
Interventions tool to evaluate randomized control trials and the transparent reporting of evaluations with nonrandomized designs 
checklist for nonrandomized studies.

Results: After full article screening, 6 studies were included in the systematic review (731 participants) published between 2017 
and 2021. Because of the heterogeneity of the studies, we focused on describing the studies rather than meta-analysis. The 
assessment of the quality of evidence revealed overall a very low quality. Training with VR significantly improved the rate and depth 
of chest compressions in 4 out of 6 articles. VR was described as an efficient teaching method, exerting a positive effect on self-
efficacy, perception of confidence, and competence in 2 articles.

Conclusion: VR in BLS training improves manual skills and self-efficacy of adult laypersons and may be a good teaching 
method in a blended learning CPR training strategy. VR may add another way to divide complex parts of resuscitation training into 
easier individual skills. However, the conclusion of this review suggests that VR may improve the quality of the chest compressions 
as compared to instructor-led face-to-face BLS training.

Abbreviations: BLS = basic life support, CPR = cardiopulmonary resuscitation, OHCA = out-of-hospital cardiac arrest, RCT 
= randomized control trials, ROB = risk of bias, ROSC = return of spontaneous circulation, TREND = transparent reporting of 
evaluations with nonrandomized designs, VR = virtual reality.
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1. Introduction
Out-of-hospital cardiac arrest (OHCA) is a major global health 
problem, with more than 3,00,000 cases occurring annually in 
Europe and the United States.[1,2] The early recognition of the 
problem and early initiation of cardiopulmonary resuscitation 
(CPR) is one of the most important steps to improve outcomes 
for patients with OHCA.

Cardiac arrest is often witnessed by family members or peo-
ple without basic life support (BLS) training, which delays the 
initiation of care until the arrival of emergency medical services. 
Less than 50% of OHCA patients receive bystander CPR,[3,4] 
although increased CPR training in the population is associated 
with increased survival after CPR, including improved neuro-
logical outcomes.[5–8] It is therefore important to provide PCR 
training to the general population. According to the European 
Resuscitation Council Guidelines 2021, every citizen should 
learn to provide life-saving BLS skills.[9]

BLS training has become more important in recent decades, 
creating opportunities for mass training that has the potential to 
significantly reduce sudden cardiac arrest deaths.[10,11] Classical 
BLS training has typically consisted of instructor-led theoretical 
training. A recent systematic review reported that instructor-led 
CPR training with real-time or delayed feedback improved psy-
chomotor CPR skills in lay adults, but these skills are lost over 
time, at approximately 3 to 6 months.[12] The need for retraining, 
as well as the need for specific spaces and schedules, together 
with the lack of realism and immersion of traditional feedback 
devices, are some of the limitations found in traditional CPR 
training system.

However, many new technologies for teaching CPR have 
become available in recent years and have been shown to over-
come these limitations.[13] But their actual impact on teaching 
and learning is not very clear.[14] An ILCOR CoSTR evidence 
update supports the idea that simulation-based education of 
resuscitation in situ (directly at the workplace of individuals), 
or in a dedicated simulation center, may be included within the 
continuous education programs of life support courses.[14]

In this sense, virtual reality (VR) implementation in cardio-
pulmonary resuscitation (CPR) training might be a tool that 
could be used to teach an ever-increasing number of persons, 
to improve the level of skills and acquired knowledge, and to 
provide more convenient and more frequent learning opportu-
nities for the learners who seek to be competent in BLS.[15] VR 
may be a good education method and resource that could be 
used to achieve these objectives, and was supported in 2018 by 
the American heart association, which highlighted the role of 
immersive technologies and gamified learning in the advance-
ment of CPR education strategies to improve the learning expe-
rience of users.[16] Recently, the 2021 European Resuscitation 
Council Guidelines recommended the use of virtual learning 
environments for all levels of CPR training as part of a blended 
learning, as well as a self-learning approach.[9]

VR is a simulation created by a computer, and it includes 
scenarios of the real or imaginary world, which offer opportuni-
ties for interaction in real-time.[17] Through the use of hardware, 
such as VR-goggles and haptic controllers, an immersive expe-
rience is provided to the users, which result in improvements 
in procedural memory,[18] speed, precision, and the transfer of 
knowledge to real-world scenarios, as compared with instructor 
directed training.[19] As it provides a strong feeling of immersion, 
VR is a new, interesting and promising way of teaching health 
care, and its use is rapidly spreading.[20] VR has been used to 
simulate clinical settings that allow both individuals and groups 
to learn specific techniques and to improve teamwork.[20,21] VR 
was described successful to teach echocardiography,[22] or the 
placement of a central venous catheter.[23]

Despite its advantages, virtual reality has serious limitations 
for teaching BLS. In a virtual reality environment, procedures 
such as chest compressions, ventilation and defibrillation cannot 

be performed with the same characteristics as they would be in 
a real environment, as VR uses haptic controls to perform the 
actions. These limitations can be eliminated by incorporating 
extended reality and/or augmented reality, with the use of full-
scale mannequins and other simulation objects (e.g., simulation 
AEDs).[24] In the case of BLS, VR would simulate a real cardiac 
arrest scenario so that the user learns to identify it and perform 
the steps in the chain of survival until the arrival of emergency 
medical services.

Several studies on VR for CPR training have been published 
in the past few years[25–28] and analysis of simulators based on 
VR, XR and AR[24] but no systematic review has systematically 
analyzed and summarized this training strategy for the general 
population. The objective of the present study is to systemati-
cally review current publications on VR in BLS training of adult 
non-healthcare professional laypersons. The aim is to assess if 
CPR training with VR improves CPR-quality markers (depth 
and frequency of chest compression, use of AED), and the short 
and long-term outcome of patients after cardiac arrest (return 
of spontaneous circulation [ROSC], survival at discharge, favor-
able neurological outcome).

2. Methods
The review was conducted according to the Cochrane Handbook 
for Systematic Reviews[29] and the preferred reporting items 
for systematic reviews and meta-analyses statement.[30] The 
systematic review protocol was registered at the International 
Prospective Register of Systematic Reviews (PROSPERO: 
CRD42021249502). Ethical approval was not necessary for the 
review.

2.1. Data sources and search strategy

A sensitive search strategy using relevant search terms that 
were developed from MeSH and keywords were used. See 
Appendix 1, Supplemental Digital Content, http://links.lww.
com/MD/I353, to find search strategies. Three researchers 
(PMAA, MPR and LRP) independently searched the data-
bases: PROSPERO, Cochrane Library, PubMed, CINAHL, 
MEDLINE Ovid, Web of Science and Scopus from the incep-
tion of the investigation to October 2021. Manual searches 
within the references of the included studies were carried out 
to identify other studies that could potentially be included. 
That search was cross-checked, and it was helpful to iden-
tify studies that were missed during the electronic search. 
The references were exported, and duplicates were removed 
manually.

2.2. Eligibility criteria and study selection

We planned to include experimental studies that assessed edu-
cational innovations strategies with VR in BLS to improve CPR 
quality parameters, in comparison to instructor-led face-to-face 
education, of adult laypersons.

The population, intervention, comparator, and outcome 
(PICO) structure was[17]:

 • Population: laypersons, aged > 18 years in any education 
setting of BLS training.

 • Intervention: VR in BLS teaching or training.
 • Comparator: instructor-led face-to-face BLS teaching or 

training.
 • Outcome: Improve CPR quality parameters (compression 

and depth rate, use of AED) after the training, and self-ef-
ficacy, perceived learning, learners’ satisfaction, as well as 
short and long-term patient outcomes (ROSC, survival 
to discharge, and survival with favorable neurological 
outcome).

http://links.lww.com/MD/I353
http://links.lww.com/MD/I353
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We included randomized controlled trials or quasi-experi-
mental studies published in any language, providing full text 
availability. We excluded abstracts, systematic reviews, observa-
tional studies, letters to the editor, studies assessing training in 
pediatric or neonatal CPR or healthcare personnel. During the 
full-text assessment, we became aware that studies found before 
the year 2017 include virtual learning environments based on 
serious gaming, manikin simulation, or video games, but these 
studies did not include VR as a technique to teach CPR. As VR is 
an innovative technology that has expanded in recent years and 
continues to evolve, the included studies are very recent.

All the studies identified with the search strategy underwent 
titles and abstracts screening against the inclusion and exclusion 
criteria by 2 reviewers (PMAA and MPR) followed by a second 
screening based on the full text of all the studies whose titles and 
abstracts fully met the inclusion criteria. In cases of disagree-
ment, a decision was made by consensus or, when necessary, a 
third reviewer (LRP) was consulted. Figure 1 display the study 
selection process.

2.3. Data analysis

From the full texts of possibly eligible studies, a narrative syn-
thesis of the characteristics and results of the included studies 
was summarized in Table 1. We defined that the heterogeneity 
of the studies, and the variable results were needed to synthesize 
a meta-analysis. If that was not possible, we summarized the 
results regarding the relationship between innovative CPR edu-
cational strategies and outcome variables as mentioned above. 
Data extraction was performed by 2 authors independently. 
Disagreements were resolved by discussion between the 2 eval-
uators, or if consensus was not possible, further opinions were 
sought.

The primary outcome variables analyzed were: compression 
rate (minute) and depth (mm), as well as AED use. Secondary 
variables were self-efficacy, perceived learning and learners’ sat-
isfaction using Likert scales. We assessed whether the included 
studies had performed analyses of short- and long-term patient 
outcomes (ROSC, survival to discharge, survival with favorable 
neurological outcome). The outcomes included where: chest 
compression depth and rate, CPR performance score, median 
flow chest compression fraction, proportion of compressions 
with full release, post-survey with questions relating to VR and 
CPR or 7-value Likert scale. The other variables for which data 
were sought were: author, country, year of publication, sample 
size, sex, age, number of participants, follow-up, intervention, 
measurement instrument used, and results (Table 1).

2.4. Risk of bias assessment

Two reviewers (PMAA and LRP) evaluated the risk of bias 
(ROB) for each included study, using the Cochrane ROB tool 
for randomized trials (see Table  2)[31] to evaluate randomized 
control trials (RCT) and the transparent reporting of evalua-
tions with nonrandomized designs checklist for nonrandomized 
studies. Allocation, blinding, incomplete outcome data, selec-
tive reporting, and other potential sources of bias are shown in 
Figures 2 and 3.

See Appendix 3, Supplemental Digital Content, http://links.
lww.com/MD/I355, to find the quality of evidence was assessed 
according to the grading of recommendations assessment, devel-
opment, and evaluation.

3. Results
We found a total of 241 articles in the databases, and 1 addi-
tional study at Google Scholar. Of these 242 articles, 181 were 
excluded due to methodological reasons, duplicate records, and 
after reading the titles and abstracts (Fig. 1). In the end, 6 articles 

met the inclusion criteria: 4 RCT,[20–23] and 2 quasi-experimental 
studies,[24,25] including a total of 731 participants, aged between 
19 and 57 years, 389 (53.2%) were men. Two studies reported 
the level of higher education (university): 45%[20] and 19%.[21] 
The percentage of participants who had received BLS training in 
the last 2 years in the studies was 16%,[20] 17%,[21] 26% in the 
intervention group versus, 29% in the control group,[22] 20% in 
the intervention group versus 16% control group,[23] 43%,[25] 
and 0%.[24]

General characteristics of the studies are described in Table 1. 
The studies were conducted in the Netherlands,[20] China,[24] the 
USA,[21] Spain,[22] Italy,[23] and the UK.[25]

3.1. Evaluation of ROB

The risks of bias (ROB) of the RCT are shown in Figures 2 and 
3 and Table 2. Due to the type of study, blinding of the par-
ticipants was not possible, but it did not have an influence on 
the subsequent evaluation and was therefore deemed as low 
ROB. In the case of the quasi-experimental studies, the qual-
ity of the studies was more difficult to determine, as the scores 
obtained with the TREND checklist varied widely. In this sense, 
some weak aspects were common to both articles, especially 
in the methodology (participant eligibility criteria, method of 
recruitment, determination of the sample size, where and who 
performed the intervention), as well as the time utilized and 
the measures adopted to optimize the compliance or the adher-
ence. In general, the best areas were: Title, abstract, and results 
(that is, specific objectives and hypotheses, method of data col-
lection, and information on validated instruments, as well as 
their psychometric and biometric properties). See Appendix 2, 
Supplemental Digital Content, http://links.lww.com/MD/I354, 
it’s shown the verification list of ROB in quasi-experimental 
studies. See Appendix 1, Supplemental Digital Content, http://
links.lww.com/MD/I355, it’s shown the grading of recommen-
dations assessment, development, and evaluation evidence pro-
file table displaying the quality of evidence assessment shows 
very low quality for all randomized controlled trials and qua-
si-experimental studies.

3.2. Results by outcome measures

3.2.1. Quality of the CPR. For the important outcome of chest 
compression rate we found reports in the 6 studies.[20–25] Cerezo-
Espinosa et al,[22] showed in their RCT improved compressions 
of 97.5 ± 9.7 min-1 in the VR group but 80.9 ± 7.7 min-1 in the 
control group (P = .003).

Nas et al,[20] showed non-inferiority of VR for compression 
rate compared to face-to-face instructor training. The 2 qua-
si-experimental articles reported improvements.[24,25] Bench et 
al,[25] reported that 65% of participants scored in the 90% of 
the chest compression performance scale.

Yang et al,[24] reported with VR significantly higher chest 
compression scores and a shift of 90% of failures to 16% (P 
< .001).

Buttussi et al,[23] reported improved chest compression after 
repetition with VR, although the differences were not significant 
compared to face-to-face training. Leary et al,[21] did not find a 
significant differences for chest compression rate.

For the important outcome of depth of chest compressions 
we found results in the 6 studies.[20–25] In the 2 RCT of Nas et 
al,[20] and Leary et al,[21] VR was reported as inferior compared 
to face-to-face training.

In contrast, the RCTs by Cerezo Espinosa et al,[22] and Yang 
et al,[24] reported improvements in chest compression depth for 
the use of VR.

For the CPR-outcome of compressions with full release Nas 
et al,[20] reported improvements after training with VR (P = .002) 
as well as Buttussi et al,[20] at the second repetition (P < .005).

http://links.lww.com/MD/I355
http://links.lww.com/MD/I355
http://links.lww.com/MD/I354
http://links.lww.com/MD/I355
http://links.lww.com/MD/I355
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3.2.2. Self-efficacy, perceived learning, and learners’ 
satisfaction. Cerezo Espinosa et al,[22] reported from a 
questionnaire higher ratings for the VR experience (P < .001).

Buttussi et al,[23] reports in a before-and-after questionnaire 
improved self-efficacy after the VR CPR training (P > .001). 
The pairwise comparisons showed that self-efficacy before 
training (M = 3.24 ± 1.47) was lower than after training (M = 
4.88 ± 1.15) P < .001.

Bench et al,[22] report a positive effect on self-efficacy, the 
perception of confidence, and competence (especially for chest 
compressions).

Leary et al,[21] assessed in a before-and-after question-
naire knowledge about CPR, AED, and the chain of survival. 
Participants trained with VR knew significantly more about the 
use of an AED (P = .05), however, no difference was found for 
other knowledge questions.

Figure 1. PRISMA flow diagram. PRISMA = preferred reporting items for systematic reviews and meta-analyses.
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Yang et al,[21] was the only study that reported higher satisfac-
tion for VR teaching from a questionnaire.

None of the included studies reported results on the follow-
ing predefined outcomes: short and long-term patient outcomes 
(ROSC, survival to discharge, survival with favorable neurolog-
ical outcome). No side effect of VR, like vertigo or nausea was 
described in the studies.

The follow-up intervals of the studies were 6 months in the 
Leary et al[21] and Nas et al[20] study. No outcomes were reported 
after follow-up. The rest of the studies did not report follow-up 
intervals.

Although the objective of this study was to perform a 
meta-analysis, the heterogeneity of the studies and the variable 
results made this impossible.

The assessment of the quality of evidence shows very low 
quality for all outcomes assessed, so the recommendation for 
these outcomes is weak.

4. Discussion
Out-of-hospital cardiac arrest remains a global health problem. 
Despite the fact that an increasing number of countries offer 
assisted CPR (80% in Europe),[1] and have AED registration and 
policies focused on CPR training,[9] survival to discharge remains 
very low, between 6% and 8%.[1,38] As we know, increased CPR 
training of the population also increases survival after CPR[5–8] 
but we do not know how new VR technologies systematically 
influence CPR training.

After screening the current literature, this systematic review 
included 4 RCT and 2 quasi-experimental studies that assessed 
how adult laypersons (none-health care providers) who learned 
through BLS-VR training, improved CPR-quality parameters 
and the cardiac arrest patients’ outcome. Overall moderate 
improvements in CPR-quality parameters, such as compression 
rate and depth, were found. None of the studies reported results 
about the short and long-term patient outcomes. VR CPR train-
ing was associated with positive effects on self-efficacy, percep-
tion of confidence, higher learners’ competence (especially for 
chest compressions), and satisfaction. Due to the heterogene-
ity of the studies and the ROB of the variable results, a formal 
meta-analysis was impossible to be conducted.

4.1. Quality of the CPR

The present systematic review confirms that VR training 
improved the rate and depth of compressions in 4,[34–36,37] of 
the 6 articles analyzed as compared to instructor-led face-to-
face BLS training. Previously-published studies in school chil-
dren found that the application of virtual and augmented reality 
during CPR training increased CPR-skills [39,40]. In contrast to 
reports about a greater improvement in skills due to the use of 
virtual and augmented reality in CPR training in the classroom 
(41), Nas et al[32] described an inferior performance as compared 
to face-to-face training for depth of chest compressions in lay-
persons after VR CPR training. On the other hand, about 50% 
of the study participants who trained on CPR with VR, met 
current guidelines on depth and frequency of chest compres-
sion.[9,42] This indicates that VR CPR training as an initial teach-
ing approach for adult laypersons in any educational setting is 
a valid option, as suggested by Wong et al [43]. CPR-instructors 
expressed their opinions about VR CPR training and considered 
this educational strategy as a potential combined learning tool, 
for both novice health professionals and experienced ones.

Interestingly, the review confirms that VR reduces errors in 
the rate and depth of chest compressions after a brief learning 
exercise,[36] which were even more pronounced with repetitions 
of such VR training sessions.[35] As “rapid cycle deliberate train-
ing” [44–46] has been shown to be a very efficient educational strat-
egy to improve team performance when learning with simulated St
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resuscitation, VR may add another way to divide complex parts 
of resuscitation training into easier individual skills.

4.2. Learning of resuscitation and self-efficacy.

This systematic review revealed that VR used to support the 
learning of CPR was efficient, exerted a positive effect on self-ef-
ficacy, the perception of confidence, and competence.[34,35] This 
is in agreement with reports on better knowledge retention with 
the reproduction of virtual scenarios as compared to face-to-face 
training [47], the learning of non-technical skills in new situations 
[48], and with the reported increase in the participants’ skill per-
formance confidence when utilizing VR for CPR training [40]. 
Buttussi et al[35] described this improvement in confidence inde-
pendently of the presence of the manikin. This finding may be 

explained by the fact that VR seems to be less threatening as a 
training method, which may improve the acquisition of skills, as 
suggested by Plessas in 2017.[33]

During the review process, one of the limitations found was the 
lack of homogeneity of the studies in the design of the VR simula-
tors used for BLS training, which may be the cause of the hetero-
geneity of the results. A recent systematic review that analyzed new 
technologies for BLS training, reported that it is necessary to define 
which type of tools are used for training and which are used for 
evaluation, to better design specific simulators for VR training.[24] 
The ROB (blinding, information) was another limitation found.

One of the most important limitations of this review was the 
scarcity of studies that assessed CPR training with VR in adult 
laypersons, as most studies excluded focused on CPR-skills of 
health care professionals. Therefore, some important planned 
questions on medium and long-term follow-up of learning out-
comes could not be answered, such as the retention of knowledge 
and skills, and overall on short and long-term patient outcomes, 
such as the ROSC, survival after discharge, or outcome with 
favorable neurological outcome. That is in line with a recent 
review that evaluated VR to improve CPR training, which con-
cluded that this field was both diverse and immature.[13]

The 2021 European Resuscitation Guidelines, in their 
chapter on education for resuscitation, point out the lack of 
high-quality research on resuscitation education to demonstrate 
if CRP training improves the quality of the process and overall 
patients’ outcome.[9] This systematic review answers some edu-
cational questions, but many are still not answered: Questions 
clarifying the optimum manner of teaching with the help of VR, 
and which role VR may play in the frequency of re-training to 
maintain competencies and knowledge, and lastly, how this edu-
cational strategy might prevent deterioration of CPR-skills and 
knowledge.[14] A new field to study is the evaluation of CPR edu-
cation in laypersons, as limited high-quality data from very het-
erogeneous designed studies prone to biases exist.[13] Therefore, 
CPR education research shall not only limit their focus on edu-
cational outcomes and results, but equal efforts need to be made 
to investigate education strategies that lead to improved patient 
outcomes after a cardiac arrest, which is still the highest priority.

The general population needs more and better training to be 
able to deal with emergency medical situations such as cardiac 
arrest without the immediate help of a professional. New tech-
nologies make it easier for this training to reach more people, but 
they are not conclusive when it comes to reporting improvements 
as compared to face-to-face BLS training. To this end, new lines 
of future research are needed to address the study of specific VR 
systems and extended reality in BLS training to eliminate hetero-
geneity in the studies and to be able to obtain long-term outcomes 
and to overcome other research gaps such as the return to sponta-
neous circulation, survival or neurological outcome at discharge.

5. Conclusions
This systematic review of current literature provides very low 
certainty scientific evidence suggesting that VR benefits the 
learning of CPR knowledge, and the training of CPR manual 

Table 2

Risk of bias of randomized clinical trials included and evaluated through RoB 2.0.

Author 
Randomization 

process 
Deviations from 

intended intervention 
Missing 

outcome data 
Measurement 

of the outcome 
Selection of the 
reported result 

Overall 
bias 

Cerezo et al Low Some concernsb Low Low Low Low
   Nas et al Low Some concernsb Low Low Low Low
  Leary et al Some concernsa Some concernsb Low Low Low Low
Buttussi et al High Some concernsb Low Low Low Low

a Method of sequence generation not specified.
b Low risk of bias in Part 1 but some concerns in Part 2. Appropriate analysis to estimate the effect of assignment to intervention not used.

Figure 2. Risk of bias summary: review of authors’ judgements about each 
risk of bias (ROB) item for each included study. ROB = risk of bias. Buttussi 
et al, 2020[20]; Cerezo et al, 2019[19]; Leary et al, 2019[18]; Nas et al 2020.[17]
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skills to none-health care laypersons. This may be due to the 
paucity of existing studies and their heterogeneity. New stud-
ies are needed to define which tools are used for training and 
which are used for evaluation of BLS training. In spite of this, 
the very weak evidence suggests that VR may improve the 
quality of the chest compressions’ frequency and depth as com-
pared to instructor-led face-to-face BLS training. No data on 
real patients’ outcomes or side effects of VR were reported. 
However, the conclusions from this review should be con-
sidered with caution, due to the low quality of many of the 
included studies.
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