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IMPORTANCE Bystander cardiopulmonary resuscitation (CPR) is crucial for survival after
cardiac arrest but not performed in most cases. New, low-cost, and easily accessible training
methods, such as virtual reality (VR), may reach broader target populations, but data on
achieved CPR skills are lacking.

OBJECTIVE To compare CPR quality between VR and face-to-face CPR training.

DESIGN, SETTING, AND PARTICIPANTS Randomized noninferiority trial with a prospective
randomized open blinded end point design. Participants were adult attendees from the
science section of the Lowlands Music Festival (August 16 to 18, 2019) in the Netherlands.
Analysis began September 2019.

INTERVENTIONS Two standardized 20-minute protocols on CPR and automated external
defibrillator use: instructor-led face-to-face training or VR training using a smartphone app
endorsed by the Resuscitation Council (United Kingdom).

MAIN OUTCOMES AND MEASURES During a standardized CPR scenario following the training,
we assessed the primary outcome CPR quality, measured as chest compression depth and
rate using CPR manikins. Overall CPR performance was assessed by examiners, blinded for
study groups, using a European Resuscitation Council-endorsed checklist (maximum score,
13). Additional secondary outcomes were chest compression fraction, proportions of
participants with mean depth (50 mm-60 mm) or rate (100 min™"-120 min™") within guideline
ranges, and proportions compressions with full release.

RESULTS A total of 381 participants were randomized: 216 women (57%); median
(interquartile range [IQR]) age, 26 (22-31) years. The VR app (n = 190 [49.9%]) was inferior to
face-to-face training (n = 191 [50.1%]) for chest compression depth (mean [SD], VR: 49 [10]
mm vs face to face: 57 [5] mm; mean [95% Cl] difference, -8 [-9 to 6] mm), and noninferior
for chest compression rate (mean [SD]: VR: 114 [12] min™" vs face to face: 109 [12] min™'; mean
[95% Cl] difference, 6 [3 to 8] min™"). The VR group had lower overall CPR performance
scores (median [IQR], 10 [8-12] vs 12 [12-13]; P < .001). Chest compression fraction (median
[IQR], 61% [52%-66%] vs 67% [62%-71%]; P < .001) and proportions of participants fulfilling
depth (51% [n = 89] vs 75% [n = 133], P < .001) and rate (50% [n = 87] vs 63% [n = 111],

P = .01) requirements were also lower in the VR group. The proportion of compressions with
full release was higher in the VR group (median [IQR], 98% [59%-100%] vs 88% [55%-99%];
P =.002).

CONCLUSIONS AND RELEVANCE In this randomized noninferiority trial, VR training resulted
in comparable chest compression rate but inferior compression depth compared with
face-to-face training. Given the potential of VR training to reach a larger target population,
further development is needed to achieve the compression depth and overall CPR skills
acquired by face-to-face training.
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ardiac arrest constitutes a major health care problem,

with more than 300 000 deaths annually in the United

States alone.! Early automated external defibrillator
(AED) use and high-quality cardiopulmonary resuscitation
(CPR) areimportant determinants of survival.?*® However, most
individuals with cardiac arrest do not receive any form of by-
stander CPR, which may be because most civilians are not cur-
rently trained in CPR.%>71° Therefore, increasing awareness,
willingness, and capability to perform CPR is promoted as a
key issue in international practice guidelines and by leading
health care authorities.”'1”

Face-to-face training has long been the standard, but new,
low-cost, and fast training methods have recently emerged that
may hold the potential to reach a much larger target popula-
tion. Lifesaver VR (http://lifesavervr.org.uk/) is an innovative,
immersive, and interactive educational smartphone app that
virtually teaches CPR to app users; the app was developed and
endorsed by the Resuscitation Council (United Kingdom) and
is specifically mentioned in current CPR guidelines.'*!® It
has recently been updated to incorporate a virtual reality
(VR) enhancement, allowing users to learn CPR in a realistic,
interactive VR setting. Experts in the field consider VR as one
of the most promising tools in medical training in general and
CPR training in particular.’®-2° Virtual reality training through
the app can be performed at home at a low cost at any moment
and takes approximately 20 minutes to complete. Virtual
reality training may therefore overcome important barriers for
layperson CPR training.'*-2! However, data on the achieved
CPR quality are lacking.

To address this gap in knowledge, we performed the Low-
lands Saves Lives trial, a randomized clinical trial comparing
CPR quality between face-to-face and VR training using the
smartphone app. This study was conducted during Lowlands
Science, a section of the 3-day Lowlands Music Festival that
is specifically dedicated to conducting scientific research.

Methods

Aim and Hypothesis

The methodology of the present study was previously
published.?? The primary aim of this study was to compare CPR
quality between face-to-face CPR training and training using
the VR app. Our hypothesis was that training with the VR app
would result in CPR quality that is noninferior to CPR quality
achieved by face-to-face training.

Overview of the Study Design and Oversight
The Lowlands Saves Lives trial was a parallel, 1:1 randomized
clinical trial with a prospective randomized open blinded end
point (PROBE) design.?*-24 The Consolidated Standards of Re-
porting Trials (CONSORT) reporting guideline was also followed.
The study complied with the principles of the Declara-
tion of Helsinki.2® The protocol, available in Supplement 1, was
approved by the research ethics committee of the Radboud
University Medical Center (Radboudumc, Nijmegen, the Neth-
erlands). An independent clinical research organization
(Diagram BV) was responsible for monitoring participant data.
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Key Points

Question Does virtual reality (VR) cardiopulmonary resuscitation
(CPR) training result in CPR quality and performance comparable
with face-to-face training?

Findings In this randomized noninferiority trial of 381individuals,
VR training resulted in noninferior chest compression rate but
inferior compression depth; proportions of participants fulfilling
guideline-endorsed compression depth or rate recommendations
were lower in VR training, although overall these criteria were met
in more than 50%. Cardiopulmonary resuscitation scenario
performance and chest compression fraction were worse, but
leaning was less common than in face-to-face training.

Meaning Although VR training may lead to chest compression
rates similar to face-to-face training, it needs further development
to achieve comparable compression depth and overall CPR
performance.

Participants were randomized to either face-to-face CPR train-
ing or CPR training using the VR app (eFigure 1 in Supple-
ment 2). All participants provided written informed consent.

Setting

This study was conducted from August 16 to 18, 2019, at Low-
lands Science, a section of the 3-day Lowlands Music Festival
(Biddinghuizen, the Netherlands; 55000 attendees) dedi-
cated exclusively to scientific research.?® Lowlands Science was
located at an area separated from the rest of the festival, pro-
viding a closed section with an optimal infrastructure for
conducting scientific research (eFigure 2 in Supplement 2).

Population

Eligible for inclusion were adult (=18 years) attendees of Low-
lands Science. Participants who were deemed not capable of
performing either the training or the posttraining CPR test
(eg, physical or cognitive impairment) were excluded by the
physicians dedicated to this task. Second, participants with
elevated alcohol levels (>0.5%o, the Dutch legal driving limit)
who failed a tandem gait test were also excluded. For this pur-
pose, we performed a law enforcement-grade alcohol breatha-
lyzer test in all participants (AlcoTrue P; Bluepoint Medical).
As such, participants with an alcohol level of 0.5%. or higher
who passed a tandem gait test were included.

Randomization and Blinding

Randomization was performed online using Castor Elec-
tronic Data Capture. We used a random block randomization
algorithm and stratified randomization according to alcohol
level, using a binary cutoff value of less than 0.5%o vs 0.5%o
or higher. The rationale was that in music festivals, alcohol con-
sumption is allowed and common, and alcohol intake may
affect CPR skills. Randomization was performed on site in real
time. Owing to the nature of the intervention, participants were
not blinded, but the outcome assessors were.

Interventions
A standardized 20-minute CPR training was provided by an

independent, experienced instructor certified by the Dutch
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Resuscitation Council, who was not part of the study team and
not an employee of the Radboudumc. The training protocol was
designed under supervision of our national Basic Life Sup-
port course director and based on CPR guidelines and previ-
ous brief training protocols.'*2” The ratio of instructors to
participants was 1:5. Chest compressions and ventilations were
taught using certified CPR manikins (Little Anne; Laerdal Medi-
cal). Automated external defibrillator use was practiced using
training AEDs (Zoll AED Trainer 3; Zoll Medical).

During VR training, individuals participated in a filmed CPR
scenario while wearing VR goggles and headphones, which
took approximately 20 minutes. Users became actively in-
volved with the resuscitation of an individual experiencing car-
diac arrest and simulated chest compressions by performing
compressions on a pillow. The app provided feedback on com-
pression speed and instructions on compression depth. It also
taught skills needed for adequate AED use. As equipment, we
used smartphones (Samsung S7), headphones, and VR goggles
(Zeiss VR One Plus; Carl Zeiss). Both training protocols, a graphi-
cal impression of the training areas and in-game footage from
the VR app, can be found in eAppendix 1in Supplement 2.

Outcomes

After the training, CPR quality and overall CPR performance
were assessed during a standardized CPR scenario.?® Cardio-
pulmonary resuscitation tests were performed in closed ex-
amination rooms by assessors blinded for study group. The pro-
tocol can be found in eAppendix 2 in Supplement 2. Outcome
measures were based on current CPR guidelines and on a con-
sensus document describing the preferred outcomes for re-
porting on CPR quality.!®-17:2°

The primary outcome measure was CPR quality, ex-
pressed as depth (millimeters) and rate (minute™) of chest com-
pressions. A 2019 review on CPR education confirmed that
compression rate and depth are the most widely studied CPR-
quality parameters, with strong associations with patient
outcome.3° These were measured objectively using certified
CPR manikins (Resusci Anne QCPR; Laerdal Medical). The
manikins recorded CPR quality parameters, which were stored
on an operating device (SimPad; Laerdal Medical) and down-
loaded for offline analysis.

The key secondary outcome measure was the overall CPR
performance expressed as a real-time appointed score by as-
sessors blinded for study group, using the European Resusci-
tation Council endorsed CPR checklist (eAppendix 2 in Supple-
ment 2). Video recordings of CPR skill tests were made of a
subset of participants who provided consent for this addi-
tional study feature. A random sample of 20% of all video re-
cordings was reviewed by an external event committee, blinded
for study group.

In addition, we gathered data on a series of additional sec-
ondary outcome measures. For the present analysis, we re-
port on flow fraction (percentage of time where compres-
sions are given, ie, chest compression fraction) and proportion
of compressions with full release (as a measure for leaning).
Finally, we calculated proportions of participants meeting
guideline CPR quality criteria (ie, the proportion of partici-
pants with an average chest compression rate of 100 min™ to
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120 min ' and the proportion with a mean chest compression
depth of 50 mm to 60 mm).1®1”

Statistical Analysis

In this noninferiority trial, the null hypothesis was that the VR
training app is inferior to face-to-face training. To ensure adequate
sample size for both quality parameters, we defined our nonin-
feriority margins based on previous work.2”28:31:32 Appreciating
that the increase in compression depth for instructor-led train-
ingis 5 mm when compared with pretraining, and thata decrease
of 5 mm has been associated with lower survival changes after
cardiac arrest, the noninferiority margin was 5 mm.3>32 With
an expected standard deviation of 10 mm,2”-28-*! an a of 5%, and
a power of 90%, we calculated 69 participants per group.

A priori, we determined that our study should be ad-
equately powered in the sample of participants without re-
cent CPR training (within 2 years)>"->* and that we also wanted
to explore results in those with training. We anticipated a maxi-
mum of 20% of participants with previous training.>* Thus,
80% or more was anticipated not to have had previous train-
ing. To achieve adequate power in the sample without train-
ing, required groups size was increased with 25%.

Finally, sample size was further increased to account
for a 10% dropout rate. Hence, the desired sample size was
1.25 x 1.10 x 69 = 95 participants per group. This also provides
adequate power to test noninferiority for chest compression rate,
with a noninferiority margin of 17 min™* and standard devia-
tion of 20 min?, based on the same studies as for depth.27-283!

Study parameters were assessed for normal distribution
and accordingly reported as means (SDs) or medians (inter-
quartile ranges [IQR]). Primary outcomes were tested for non-
inferiority using 1-sided 2-sample ¢ tests. Continuous data were
compared using t tests or Mann-Whitney U tests and categori-
cal variables reported as numbers (%) and compared using x>
or Fisher exact tests, whichever appropriate. Prespecified
subgroup analyses were performed. A P value of less than .05
was considered statistically significant. Analyses were per-
formed using Stata version 15.1 (StataCorp). Analysis began in
September 2019.

. |
Results

Participant Flow and Recruitment

Overall, 396 participants provided informed consent (Figure 1).
Of these, 15 (4%) were excluded before randomization; par-
ticipant withdrawal was mainly related to long waiting lines.
As such, 381 participants were randomized: 190 (49.9%) to the
VR training app group and 191 (50.1%) to the face-to-face train-
ing group. Of all randomized participants, 29 (8%) (15 in the
VR and 14 in the face-to-face group, P = .84) decided not to
participate in the posttraining CPR test, mainly owing to long
waiting lines. Thus, outcome assessment was performed in
352 (92%) of all randomized participants.

Baseline Data
0Of 381 individuals, 216 (57%) were women. The median (IQR)
age was 26 (22-31) years, and the median (IQR) weight was
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70 (63-79) kg (Table). The predominant education level was
university education (171 of 381 [45%]). Of all participants, 62
of 381 (16%) had an alcohol level of 0.5% or higher. A total of
58 of 358 participants (16%) had recent CPR training. Base-
line characteristics did not differ between both study groups,
with the exception of the proportion of health care profes-
sionals, which was 16% (n = 31) in the VR training group and
25% (n = 48) in the face-to-face training group (P = .03).

Primary Outcomes

The mean (SD) chest compression depth was 49.1 (10.0) mm
in the VR group compared with 56.8 (5.4) mm in the face-to-
face group. The mean difference between VR and face-to-
face training was -7.7 (95% CI, -9.4 to -6.0) mm. Given the
predefined noninferiority margin of -5 mm, VR training was
inferior to face-to-face training for chest compression depth,
with a P value for inferiority of .99.

The mean (SD) chest compression rate was 114.3 (11.8) min
in the VR group, compared with 108.6 (11.6) min'in the face-
to-face group. The mean (95% CI) difference between VR and
face-to-face was 5.7 (3.3-8.2) min . Given the predefined non-
inferiority margin of -17 min~!, VR training was noninferior to
face-to-face training for chest compression rate, with a P value
for noninferiority of <.001 (Figure 2).

Secondary Outcomes
Median (IQR) CPR performance score (maximum score, 13) was
10 (8-12) in the VR group compared with 12 (12-13) in the face-to-
face training group (P < .001). Individual items of the checklist
arereported in the Table in Supplement 2. The intraclass corre-
lation coefficient for assessment by the on-site examiners and
the event committee was 0.81. Given this high level of agreement,
the reported CPR scores are those of the on-site assessors.
Average chest compression depth within the guideline en-
dorsed range of 50 mm to 60 mm was seen in 51% (n = 89) of VR
group, compared with 75% (n = 133) in the face-to-face training
group (x? = 22.28; P < .001). For the guideline-endorsed chest
compression rate of 100 min~' to 120 min~}, these proportions
were 50% (n = 87) in the VR group and 63% (n = 111) in the face-
to-face training group (x? = 6.04; P = .01). Compression depth and
rate in relation to guideline ranges can be found in Figure 3.
Median flow fraction (ie, chest compression fraction) was
61% (IQR, 52%-66%) in the VR group compared with 67% (IQR,
62%-71%) in the face-to-face training group (P < .001). The pro-
portion of compressions with full release was higher in the
former than in the latter (98% [IQR, 59%-100%] vs 88% [IQR,
55%-99%]; P = .002).

Ancillary Analyses

Prespecified subgroup analyses are shown in Figure 4. Hetero-
geneity of the effect of VR training on chest compression depth
was suggested in subgroup analyses according to being a health
care professional (P = .007 for interaction) and previous CPR
training (P = .003 for interaction). Differences between VR and
face-to-face training were significantly smaller in the sub-
groups with previous training and the subgroup of health care
professionals. No other intervention-by-subgroup interac-
tions were identified, neither for compression depth nor for rate.
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Figure 1. CONSORT Flow Diagram

411 Eligible individuals

30 Excluded
15 Excluded before providing
informed consent
15 Deemed ineligible by
attending physicians
15 Excluded after providing
informed consent
14 Decided to stop before
randomization
1 Informed consent lost

381 Randomized® )

-

‘ 190 Randomized to VR training 191 Randomized to face-to-face

training

|

14 Lost to follow-up
14 Waiting line for examination
too long

15 Lost to follow-up
14 Waiting line for examination
too long
1 Technical issue with CPR manikin

|

‘ 175 Analyzed ‘ ‘

177 Analyzed

CPR indicates cardiopulmonary resuscitation; VR, virtual reality.

2 Allincluded participants were able to pass the tandem gait test, if applicable.

.|
Discussion

In this randomized trial including 381 participants recruited
on the science section of a music festival, VR compared with
face-to-face CPR-training resulted in noninferior chest com-
pression rate but inferior chest compression depth. Overall CPR
performance, proportions of participants with average com-
pression depth or rate within guideline ranges, and chest com-
pression fraction were lower in the VR group. Contrastingly,
the proportion of compressions with full release was higher.
This study confirms the potential of brief face-to-face train-
ing to achieve adequate CPR skills?” and provides valuable in-
put for further development of VR training. Although VR may
lead to more widely disseminated CPR training, this study sug-
gests that it should be developed further to achieve CPR skills
comparable with those acquired by face-to-face training, par-
ticularly in terms of compression depth.

Previous Studies and Current Methodology

In follow-up of previous studies on professional pre- and in-
hospital treatment strategies, we now performed this study on
layperson cardiac arrest care.>*>* Given the prognostic effect
of bystander CPR, several health care authorities call for stud-
ies on innovative CPR training methods to further dissemi-
nate CPR skills among civilians.!:14:1>:36:37 Of these innova-
tions, VR is considered one of the most promising, as
demonstrated by feasibility studies and reports on question-
naires conducted among CPR professionals.!®:20:38-41 Tg our
knowledge, thisis the first study to evaluate the effect of Life-
saver VR training on CPR quality. Whereas previous studies
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Table. Baseline Characteristics of the Study Population?

No. (%)
Total Overall VR Face to Face

Characteristic No. (N =381) (n =190) (n=191) P Value
Women 379 216 (57) 109 (57) 107 (57) .88
Age, median (IQR), y 381 26 (22-31) 26 (23-31) 26 (22-31) .69
Weight, median (IQR), kg 378 70 (63-79) 70 (64-78) 71 (62-80) .86
University education 381 171 (45) 86 (45) 85 (45) .88
Health care professional 380 79 (21) 31(16) 48 (25) .03
Alcohol level, median (IQR), %o 381 0(0-0.34) 0(0-0.36) 0(0-0.31) .64 o )
Alcohol level 20.5%o 381 62 (16) 35(18) 27 (14) 26 ?:;’;z‘r’t'?gigi’:;i'l;’;‘;r;:rl'fe
Drugs or narcotics <24 h 369 93 (25) 42 (23) 51(28) .27 CPR, cardiopulmonary resuscitation;
Previous CPR course <2y 358 58 (16) 28 (16) 30(17) 77 IQR, interquartile range; NA, not

BLS course NA 49 (84) 24 (86) 25 (83) applicable; VR, virtual reality.

ALS course NA 9(16) 4(14) 5(17) >.99 ? Missing data can be either missing
Witnessed a cardiac arrest 381 57(15) 30(16) 27 (14) 65 or reported as "Do not wish to

disclose” by the participants.

Figure 2. Forest Plots of the Mean Difference in Chest Compression
Depth and Rate Between Virtual Reality (VR) and Face-to-Face Training

Figure 3. Boxplots of Chest Compression Depth and Rate
in Relation to Guideline Recommendations

E Compression depth

Mean Difference VR Training : VR Training
Outcome (95% ClI) Inferior : Noninferior
Compression depth, mm -7.7 (-9.4t0 -6.0) —a—

-10 -8 -6 -4 -2 0
Mean Difference (95% CI)

Compression rate
VR i VR
Mean Difference Training | Training
Outcome (95% Cl) Inferior . Noninferior
Compression rate, min~1 5.7(3.3t08.2) B

-30 -20 -10 0 10
Mean Difference (95% Cl)

Forest plots for the mean difference (95% Cl) in chest compression depth and
rate between virtual reality (VR) and face-to-face training. The prespecified
noninferiority margins were -5 mm for depth and -17 min™ for rate. For depth,
the P value for noninferiority was .99. For rate, the P value for noninferiority was
<.001. Dashed line indicates noninferioirity margin.

compared VR with other (mobile) apps or compared face-to-
face training with apps or games without VR, we now com-
pared VR training directly with face-to-face CPR training.'8-3342

Notably, evaluation of lay education in resuscitation strat-
egiesisstill arelatively new field of research, with limited high-
quality data, and studies are heterogenous in design and prone
tobias.'*** We aimed to address these issues by using a PROBE
design and standardized CPR skill assessment, with indepen-
dent data monitoring.

CPR Quality and Performance Metrics

Our results show that VR training results in noninferior chest
compression rate but inferior compression depth. This indicates
that VR seems less suitable than face-to-face training to provide
adequate bystander CPR. However, even in the VR group, at least
half of the participants met the guideline-endorsed depth or rate
requirements. Moreover, previous studies showed decreased sur-
vival in case of compression depth less than 38 mm, which we
found in only 14% of participants in the VR group and 2% in the
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[] Outside guideline range
[] within guideline range
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Boxplots of chest compression rate and depth. Whiskers are 10th and 90th
percentiles. Percentages at the side of each graph indicate the proportion of
participants with compression depth or rate that is below, within, or above
guideline-endorsed ranges respectively. VR indicates virtual reality.

face-to-face group.>*>** This confirms the potential to acquire life-
saving CPR skills in brief CPR training sessions.?” Notably, CPR
performance metrics in our study were comparable with previ-
ous studies on brief and multihour training.?”-28-3!

In a previous study evaluating brief VR CPR training in
which compressions were not practiced on a pillow but by
pressing a button, average compression depth was 38 mm,
compared with 49 mm in the present VR and 57 mm in our face-
to-face group.®® In a 2019 large study on multihour training,?®
the proportion of participants with an average compression rate
between 100 min~! to 120 min™ in their instructor-led group
was 41%, compared with 50% in the present VR and 63% in
the face-to-face groups. For the required average depth of 50
mm to 60 mm, this proportion was 57% in the previous study,
compared with 51% in the present VR and 75% in the face-to-
face groups.2® Notably, the results from our face-to-face group
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Figure 4. Subgroup Analyses for Chest Compression Depth and Rate

E Chest compression depth

Favors | Favors
Mean Difference Face-to-Face | VR
Variable (95% Cl) Training | Training P Value
Sex 11
Women -8.2(-10.6t0-5.8) ——
Men -6.9(-9.2t0-4.7) ——
Age .13
>Median -6.5(-8.8t0-4.1) ——
<Median -9.1(-11.5t0-6.6) —a—
Weight 17
>Median -6.6 (-8.8 to -4.5) ——
<Median -8.9(-11.6t0-6.3) —a—
Education 91
>Median -7.7 (-9.4t0 -5.9) —a—
<Median -8.0(-14.6to-1.4) —
Health care professional .007
Yes -2.8(-6.0t00.32) ——
No -8.6 (-10.5t0-6.7) ——
Previous training .003
Yes -2.0(-4.41t00.4) —
No -9.0(-11.0to -7.0) ——
Alcohol, %o .90
20.5 -7.9(-12.1t0-3.8) ——
<0.5 -7.6 (-9.5t0-5.7) ——
Drugs .57
Yes -7.0(-9.8t0-4.1) ——
No -8.1(-10.1to-6.1) ——
T )

i T T
-20 -15 -10 -5 0 5
Mean Difference Between
VR Training and
Face-to-Face Training (95% Cl)

Chest compression rate

Favors
Face- . Favors
Mean Difference  to-Face : VR

Variable (95% Cl) Training : Training P Value
Sex 12

Women 7.2(4.1t010.4) ——

Men 3.3(-0.6t07.2) ——
Age .87

>Median 6.0(2.5t09.5) —a—

<Median 5.6(2.2t09.0) —a—

Weight .58

>Median 6.5(3.3t09.6) — .
<Median 5.1(1.1t09.0) —a—

Education .94
>Median 5.8(3.2t08.4) ——
<Median 5.5(-1.1t012.1) B

Health care professional .84
Yes 5.6(0.9t010.2) —a—
No 6.2(3.3t09.0) ——

Previous training 74
Yes 7.2(2.2t012.2) —
No 6.0(3.2t08.9) —a—

Alcohol, %o 13
20.5 10.5(3.2t017.8) —
<0.5 52(2.7t07.7) ——

Drugs .50
Yes 4.4(-0.8t09.5) ——
No 6.3(3.5t09.2) ——

i T T T !
-5 0 5 10 15 20
Mean Difference Between
VR Training and
Face-to-Face Training (95% Cl)

Forest plot on prespecified subgroup analyses based on sex, age, weight,
education, health care professional, previous cardiopulmonary resuscitation
(CPR) training (within 2 years), alcohol level, and drug/substance use. Mean
differences in compression depth (A) (millimeters) and compression rate (B)

(compressions minute™) between virtual reality (VR) and face-to-face training,
with 95% confidence intervals. The P value for interaction is for testing whether
the effect of the intervention on compression depth and rate differs between
the subgroups.

are in line with a previous study on brief instructor-led train-
ing, in which the brief training resulted in similar CPR quality
as multihour training.?” To further improve comparisons be-
tween education strategies, a 2019 review>! underscored the
need for uniform reporting of outcome measures.

The CPR performance score was lower in the VR group, in-
dicating that VR might be less suitable than face-to-face train-
ing for acquiring knowledge on the entire CPR algorithm. As can
be seenin the eTable in Supplement 2, the difference in CPR per-
formance score between both groups was mainly driven by lower
proportions in the subcategory CPR, whereas the AED items were
more evenly distributed. With regard to this score, it should be
noted that although it is the official CPR performance checklist
of the European Resuscitation Council, we are unaware of stud-
ies that evaluated its external validity.

We found a median chest compression fraction of more
than 60% in both groups, which is in line with guideline
recommendations.'®'” Data on the relationship between lean-
ingand survival are scarce, but guidelines recommend minimi-
zation of leaning based on pathophysiological insights from
mechanistic studies.'®'” Proportions of compressions with full

jamacardiology.com

release were high in both groups and highest in the VR group,
indicating that this skill can be taught during brief CPR training.

Prespecified Subgroup Analyses
A prespecified subgroup analysis revealed a significant inter-
action between previous CPR training and compression depth
and between being a health care professional and depth: the
difference between study groups was smaller in participants
with previous CPR training or participants who were health care
professionals. It could be interesting to study VR for retrain-
ing of individuals who were initially trained using the stan-
dard approach. Retraining is a major topicin current CPR guide-
lines, and the optimal training method for such trainings is
under active investigation.!!-14:15:36.37

Owing to our study setting, we studied a sample of young
festival attendees. Inherent to this setting, there had been al-
cohol and drug use among participants. Although the sub-
group analyses on these factors should be considered merely
hypothesis generating, our findings indicate no significant
effect of alcohol or drug use on differences in depth or rate
between VR and face-to-face training.

JAMA Cardiology March2020 Volume 5, Number 3

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/16/2022

333


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2019.4992?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.4992
http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.4992

334

Research Original Investigation

Directions for Further VR App Development

The lower compression depth in the VR group could relate to
compressions being practiced on a pillow instead of a mani-
kin, to mimic the situation where the app is used at home.
Therefore, no feedback is given on depth, but only on rate. A
previous study reported on a VR system with real-time feed-
back on depth, which may also be beneficial for the present
VR app.*®> We also found lower scores on the CPR checklist pos-
sibly because the steps of the CPR algorithm only appear once
in the VR scenario, whereas in face-to-face training these are
repeated multiple times. Teaching a complex procedure in
small portions prevents cognitive fatigue, therefore provid-
ing the CPR algorithm in small steps with repetition in be-
tween may be beneficial as well.!>4®

Limitations

Although our 20-minute face-to-face training protocol re-
sulted in similar outcomes as a previous brief training protocol
in which outcomes and retention were comparable with mul-
tihour training, it differs from the standard of current CPR
courses.!**” However, our protocol complies with all guide-
line requirements on CPR training.!* The study setting re-
sulted in a young, highly educated group of participants. Al-
though this is an important target group for CPR education, it

Effect of Face-to-Face vs Virtual Reality Training on Cardiopulmonary Resuscitation Quality

may limit generalizability of our findings to, for example, el-
derly civilians. Owing to logistical reasons, CPR sKills prior to
the test were not assessed and no data on retention of CPR skills
will be collected. In total, 8% did not perform the examina-
tions because of the sometimes long waiting lines for the 2 ex-
amination rooms, which was related to the appointed restric-
tion in square footage for each research group. Furthermore, we
unexpectedly found a baseline difference between both groups
in the proportion of health care professionals. This was ad-
dressed in stratified analyses, which did not alter our conclu-
sions. Lastly, although we found overall acceptable CPR qual-
ity in both groups, the actual CPR performance in real life and
the corresponding effect on patient outcome are unknown.

. |
Conclusions

In this randomized trial, we found that VR training was non-
inferior compared with face-to-face training with respect to
chest compression rate but inferior with respect to chest com-
pression depth. Although VR training may hold the potential
to reach a larger target population, further development is
needed to achieve the chest compression depth and overall CPR
skills acquired by face-to-face training.
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