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Abstract

Background: Severa studies related to the use of corrective feedback devicesin cardiopulmonary resuscitation training, with
different populations, training methodologies, and equipment, present distinct results regarding the influence of this technology.

Objective:  This systematic review and meta-analysis aimed to examine the impact of corrective feedback devices in
cardiopulmonary resuscitation skills acquisition and retention for laypeople and health care professionals. Training duration was
also studied.

Methods: The search was conducted in PubMed, Web of Science, and Scopus from January 2015 to December 2023. Eligible
randomized controlled trials compared technology-based training incorporating corrective feedback with standard training.
Outcomes of interest werethe quality of chest compression—elated components. Therisk of biaswas assessed using the Cochrane
tool. A meta-analysis was used to explore the heterogeneity of the selected studies.

Results: Intotal, 20 studies were included. Overall, it was reported that corrective feedback devices used during training had
a positive impact on both skills acquisition and retention. Medium to high heterogeneity was observed.

Conclusions: This systematic review and meta-analysis suggest that corrective feedback devices enhance skills acquisition and
retention over time. Considering the medium to high heterogeneity observed, these findings should be interpreted with caution.
More standardized, high-quality studies are needed.

Trial Registration: PROSPERO CRD42021240953; https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=240953

(IMIR Med Educ 2024;10:€59720) doi: 10.2196/59720
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Introduction

Sudden cardiac arrest (SCA) isaglobal leading cause of death
[1], resulting from theinterruption of cardiac mechanical activity
and confirmed by the absence of signs of circulation [2]. In
2021, the estimated incidence of out-of-hospital cardiac arrests
(OHCAS) in the United States was 92.3 cases per 100,000
individuals, with an adult rate of survival to hospital discharge

https://mededu.jmir.org/2024/1/€59720

following OHCA of 9.1% [2]. In Europe, the most recent
estimation of theincidence of OHCA was 89 cases per 100,000
individuals, with an average survival rate of 8% [1,3/4].
Regarding in-hospital cardiac arrest, based on the latest data
from the United Kingdom and the United States, there are
around 1.6 to 2.85 cases of in-hospital cardiac arrest per 1000
hospital admissions, with a survival rate from 18.4% to 25.6%
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[5]. Globaly, the incidence of SCA keeps increasing,
representing a significant public health problem [1].

Early and high-quality cardiopulmonary resuscitation (CPR)
can double or triple the survival rate from SCA [6,7]. CPR is
an emergency lifesaving intervention for SCA that can be
provided by both laypeople and health care professionals. It
consists of applying chest compressions and rescue breaths to
the victim. For adults, a 30:2 compressions-to-breaths ratio is
recommended [7,8]. Chest compression is the most important
component of CPR, as it provides organ perfusion and
oxygenation during SCA [7,8]. Chest compression—only
approach is acceptable if lay rescuers are untrained or are
reluctant to provide rescue breaths [7]. The American Heart
Association and the European Resuscitation Council have
established detailed guiddlines[7,8] for performing high-quality
chest compressions during CPR. Key recommendationsinclude
placing hands on the lower half of the sternum, ensuring a
compression depth of at least 5 cm (2 inches) but not exceeding
6 cm (2.4 inches), maintaining acompression rate of 100to 120
compressions per minute, with minimal interruptions, and
allowing the chest wall to fully recoil after each compression.
Additionally, if possible, chest compressions should be
performed on a firm surface.

Improving CPR quality by adhering to established guidelines
has been shown to positively impact patient outcomes,
particularly by increasing the survival rate of SCA victims[9].
To achieve this, training is recommended for both laypeople
and health care professionals. Such training aims to improve
CPR skills, thereby elevating the quality of the maneuvers
performed and increasing patient safety [10]. Studies have
shown that the quality of CPR performed by health care
professionals and laypeople is usualy poor [11-14]. CPR
training may improve providers confidence and performance
[15-17]. A typical CPR training session isdelivered at asingle
period of time, with no interruptions, and supervised by certified
instructors [18].

During a CPR training session, the feedback provided to the
participant is crucial; however, the instructor’s assessment of
the chest compression quality often tends to be subjective and
suboptimal [19,20]. The effectiveness of the training methods
of CPR instructors could be significantly enhanced by
incorporating supportive devices, which offer quantitative
assessments and objective feedback on chest compression
quality [14,19,21].

A CPR training device with corrective feedback enhances the
learning experience by offering audiovisual feedback based on
assessed CPR quality parameters. These devices typically
provide rea-time feedback, allowing the participant to
immediately adjust and improve their technique while
performing maneuvers[22-25]. Since 2010, both the American
Heart Association and European Resuscitation Council
guidelines have endorsed the use of prompts and feedback
devices for CPR training, recognizing their role in promoting
skillsacquisition and retention [26,27]. Initially, these guidelines
broadly categorized feedback devices, including those offering
general guidance without correcting skills (eg, metronome).
However, as of 2015, the guidelines clearly distinguished
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between devicesthat provide corrective feedback and those that
offer general guidance [28].

In the literature, there are several studies related to the use of
both corrective and guiding feedback devicesin CPR training,
involving different target populations (from laypeople to health
care professionals), training methodol ogies (different durations,
formats, and assessment methods), and equipment. Thisdiversity
in study design makes it difficult to generalize their results.
Furthermore, given the impact of corrective feedback devices
in CPR training and the high potential to contribute to better
quality in CPR maneuvers, it is of most relevance to study their
influence through evidence synthesis studies.

To our knowledge, the existing reviews on this topic [29-32]
lack at least 1 key aspect: (1) a focus on corrective feedback
devices, as recommended by the recent guidelines [18],
excluding studies on guiding devices; (2) an expanded target
audience that includes both laypeople and health care
professionals, training on both adult and pediatric manikins; (3)
the provision of areliable meta-analysis; and (4) the exclusion
of studiesfocusing on real emergency setting or adjacent aspects
to CPR training (eg, testing feedback devices).

Some existing reviews addressing similar topics are based on
outdated guidelines [29,30] or have a broader scope, including
the analysis of feedback devicesinreal clinical settings[29-31].
The distinction between studies focusing on specific target
groups (eg, laypeople[32] or health care professional s[30,31]),
along with varying methodologies and the exclusion of
meta-analysis [29,31], highlights the limitations of current
research.

This systematic review and metaanalysis am to
comprehensively survey theliteratureto characterize and assess
the impact of corrective feedback devices on CPR skills
acquisition and retention for both laypeople and health care
professionals compared to the absence of these feedback devices.
Training duration was also studied.

Methods

Study Design

This study is a systematic review and meta-analysis following
the PRISMA (Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses) 2020 guidelines [33], as shown in
Multimedia Appendix 1, and the Cochrane Handbook for
Systematic Reviews of Interventions [34]. The study protocol
was developed by the research team and registered in
PROSPERO (registration CRD42021240953). The protocol
can be accessed through the PROSPERO website. No ethics
approval was required.

Information Sources and Search Strategy

Searches were conducted in MEDLINE (through PubMed),
Web of Science, and Scopus, including publications between
January 2015 and December 2023. The search strategy and
gquery were designed to include all relevant publications
considering the established eligibility criteria. The search query
is presented in Textbox 1 and Multimedia Appendix 2 and
includes keywords based on three categories: (1) CPR, (2)
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feedback devices, and (3) outcomes. Each category considered
several keywords that were searched in the publications' titles
and abstracts. The search strategy was adapted to all included
databases. The reference lists of relevant systematic reviews

Textbox 1. General search strategy.

Nicolau et d

were screened to identify additional studies. Duplicates were
removed using Mendeley Reference Manager and, later, verified
using CADIMA software (Julius Kiihn-Institut) [35].

Publications from January 2015 to December 2023 in MEDLINE, Web of Science, and Scopus

1. Cardiopulmonary resuscitation [tab]
2. CPR [tab]

3. Basic life support [tab]

4. BLS[tab]

5. Resuscitation [tab]
6.10R20R30OR40R5

7. Training [tab]

8. Feedback [tab]

9. Manikin* [tab]

10. Device* [tab]

11. Prompt* [tab]

12. Audiovisual [tab]

13. Technology [tab]

14. Simulat* [tab]
15.70R80OR90OR1I00R 11 0R 120R 13 OR 14
16. Quality [tab]

17. Performance [tab]

18. Compression* [tab]

19. Acquisition [tab]

20. Retention [tab]

21.16 OR17OR 18 OR 19 OR 20
22.6 AND 15 AND 21

Eligibility Criteria
The PICOS (participants, intervention, control, outcomes, and

studies) framework was used to support the identification of
the eigibility criteria

«  The participants or population (P) was either laypeople or
health care professionals. No age limitations were included.
- Theintervention (I) was the use of CPR training devices
with feedback, providing corrective information to the
learner during a training program or exercise. These
included instrumented manikins, smart devices, and
feedback provided by medica devicesor other technologies.
«  The comparator or control (C) was CPR training without
corrective feedback devices, including instructor-led
demonstration or feedback using static manikins or
autonomous training (without instructor) using static

manikins.
« The main outcomes (O) selected were CPR quality
parameters, namely, the quality of chest

compression—elated components.

https://mededu.jmir.org/2024/1/€59720

+  Thetypeof studies(S) included was randomized controlled
trials (RCTys).

Studies that included participants performing CPR in real
patients were excluded. Studies focused on team CPR
performance were excluded. Animal studies, case reports,
conference abstracts, reviews, trial protocols, and studies with
incomplete or missing data were excluded. Publications prior
to 2015 were excluded to minimize bias from outdated CPR
guidelines and to ensure that the technology in the included
studies provides corrective feedback, thus reducing
heterogeneity and enhancing the reliability of the findings. No
country or language restrictions were considered.

Selection Process

The study selection process was executed using CADIMA
software [35], which facilitated effective management and
tracking of the selection process as well as anaysis of
interreviewer agreement.

Initialy, a pilot analysis was conducted by 2 reviewers (AN
and 1J), who independently assessed 100 abstracts. This
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preliminary stage aimed to evaluate the strength of agreement
between reviewers and to identify and adjust any significant
discrepanciesin their assessment. Theinterrater reliability was
quantified using the Cohen'sk statistic.

After refining the analysis approach, as informed by theinitial
pilot analysis, the reviewerstransitioned to the screening phase.
During this phase, titles and abstracts underwent an independent
screening process conducted by the same 2 reviewers (AN and
1J). This step was crucial to ensure a thorough and unbiased
selection process, and only relevant studieswere considered for
full-text review.

The next step was the inclusion phase, where selected papers
were subjected to acomprehensive full-text analysis. This phase
was expanded to include a third reviewer (CSC) to bring
additional perspective and expertise, particularly in cases of
initial disagreement. All 3 reviewers (AN, 1J, and CSC)
independently analyzed the full texts.

In both the screening and inclusion phases, differences in
opinions were resolved through in-depth discussions until a
consensus was reached. During the inclusion phase, each
reviewer meticulousy documented the reasons for excluding
papers. This step was critical for ensuring transparency and
accountability in the selection process.

Data Extraction and Outcomes

Dataextraction was performed by 2 reviewers (IJand AN) using
a standardized data extraction form. CPR quality parameters
were considered, namely the overall chest compression quality
score. Additional parameters were extracted, including
compression depth, compression frequency, chest wall recail,
and hand positioning.

Extracted data included authors, year of publication, country,
study design, type of participants (laypeople or health care
professionals), type of intervention, type of control, feedback
device, number of participantsin each group, training duration,
CPR quality overall score (%), and quality of each parameter
of chest compressions (%).

Risk of Bias Assessment

The quality of the selected studies was assessed using the
Cochrane risk-of-bias tool for randomized trials (RoB 2) [36]
by 2 independent reviewers (AN and 1J). RoB 2 tool evaluates
each study using 5 different criteria: randomization process,
deviations from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported
result. For each item, the risk was marked as low, some
concerns, and high. Uncertainties and disagreements were
addressed and resolved through consensus. Studies were not
blinded regarding authors, institutions, and journals. Publication
bias was assessed through a funnel plot.

Synthesis M ethods

A meta-analysis and a narrative synthesis were conducted to
identify associations and explore heterogeneity in the selected
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studies. Data were analyzed using R (version 4.3.2; R
Foundation for Statistical Computing). In the meta-analysis,
themean and SD of the datawere primarily used. In caseswhere
studies presented median and IQR, these were converted into
mean and SD under the assumption of normally distributed data
[37]. This assumption is based on the statistical principle that,
in a normally distributed sample, the mean is an approximate
measure of the median, and the SD can be estimated by dividing
the IQR by 1.35 [37,38]. If the mean and SD could not be
estimated, those were excluded from the meta-analysis. The
effect size was cal culated using the mean differences with 95%
Cls. The random-effects model was used because of the
variation in study characteristics. Heterogeneity was studied
using 1 statistic, with values below 40% representing low
heterogeneity [34]. Severa studies had a multiple-arm RCT
design; in those cases, the relevant groups (intervention and
control) were included in the pairwise comparison of
intervention groups. Studies with distinct groups of adult and
pediatric CPR training wereincluded with multipleintervention
groups.

Sensitivity analysis was conducted through subgroup analysis
to identify the sources of heterogeneity and measure the effects
within each subgroup (eg, acquisition vsretention). Thisanalysis
also determined if the performance scores varied across the
subgroups. The subgroup analyses explored potential effect
modifiers, including skills acquisition (assessed immediately
after training), training duration (<30 vs >30 minutes), and time
elapsed after training (3 vs 9-12 months). Other subgroupswere
considered (eg, target audience—health care professionals vs
laypeople) but were not performed due to the limited or absent
number of trials available. Subgroups with enough data were
used for meta-analysis.

A narrative synthesis was performed for all included studies,
including those excluded from meta-analysis, following the
SWiM (Synthesis Without M eta- Analysis) reporting guidelines
[39]. The studies were grouped by the training-assessment
interval, clearly distinguishing between skills acquisition and
retention over time. When availabl e, the main outcome sel ected
was chest compression score. The certainty of evidence was
evaluated using the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) approach [40].

Results

Search Results

The studies' selection process is represented in the PRISMA
flow diagram [33] (Figure 1). Theinitial search retrieved 10,095
results, of which 4427 were duplicates. Of the remaining 5668
unique publications, 5619 were excluded after screening the
title and abstract. The remaining 49 publicationswere screened
for a full review, resulting in the 20 studies included. All
included studies reported approval by an ethical committee.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the selection process. RCT: randomized

controlled trial.

Cohen'sk coefficient of agreement between the reviewers was
0.49 at the pilot screening stage, representing a fair agreement
[34]. Throughout the full screening stage, the Cohen's K
coefficient improved to 0.62, representing a good agreement.
The overall percentage of agreement was 99%.

Characteristics of Included Studies

Table 1 presents the main characteristics of the 20 included
studies. Studies data were collected from 15 distinct countries.
The study populationisdiverse, including laypeople[23,41-43],
health care professionals [44-46], and lifeguards [47], among
others. The sample sizeis heterogeneous. Although the majority
of the included studies used Laerdal QCPR technology in the
intervention group, the training methodologies vary
substantially, with considerable differencesin training duration,
elapsed time to assessment, and assessment format (Table 2).

Table 2 details relevant characteristics regarding study design
and outcomes. Training methodologies included short single
training sessions[23,41,42,44,46,47,49,50,52,53,55,56,58,59],
short recurrent practice over time [45], and long single training

https://mededu.jmir.org/2024/1/€59720
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sessions [48,51,54,57]. The educational adjunctsin all studies
were based on corrective feedback devices, although some also
included video-based instructions or alied corrective feedback
devices with instructor feedback [42,43,46,48,51,55,58,59].
Regarding training-assessment interval, skills acquisition
assessment was not comprised in al studies, and assessment
intervals for skills retention span from few weeks to several
months. Skills acquisition was assessed by 14 studies
[41-44,46,48-53,57-59]. In total, 6 studies presented the
assessment of skills retention at 3 months[42,44,45,49,57,59],
and 3 studies [45,49,59] included an assessment at 9 to 12
months. Assessment duration also varied among the studies,
with most considering 2 minutes of CPR, with only 4 studies
using adifferent assessment duration [41,47,53,55]. Assessment
exercises ranged from continuous chest compression
[23,41,42,45,49,56-59] to a defined number of CPR cycles
[44,55]. The outcomes were mostly presented using mean and
SD and median and IQR for chest compression—related
parameters and overall score. Additional specifications of the
included studies can be found in Multimedia Appendix 3.
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Study Country

Sample

Previous training

Feedback device or data collection

Badieta (2017)  ltay
[41]

Chamdawalaet al United
(2021) [42] States

Cortegiani et d Italy
(2017) [23]

Eshel etd (2019)  Israel
[48]

Gonzélez-Santanoet  Spain
al (2020) [47]

Jang et a (2020) South Korea
[49]

Katipoglu et a Poland
(2021) [50]

Kimet a (2021) South Korea
[51]

Labuschagne et a South Africa

(2022) [52]

Leeeta (2023)[44] Taiwan

Linetal (2018) [45] Canada

Moreno et a (2021) Spain
[46]

450 Laypeople

220 High school
students

125 High schooal
students

145 First-year
medical students

30 Beach life-
guards

95 University stu-
dents

111 First-year
medical students

64 Junior nursing
students

53 Final-year med-
ical students

90 Nurses

87 Hedlth care
providers

212 Primary care
staff

Prior to the study: no previous training

Upon entry to the study: 5-hour BLS?or AEDP
courses with 1 hour of theory and 4 hours of
practice, with different training time with
feedback

Prior to the study: regardless
Upon entry to the study: 30-minute standard

CPR training with an instructor

Prior to the study: unknown
Upon entry to the study: 30-minute standard

BLS-DY trai ning with an instructor; practice
until reached the minimum technical skill

Prior to the study: no previous training

Upon entry to the study: 1-hour lectureand 10
academic hours of review and hands-on CPR
training

Prior to the study: BL Straining in the previous
2 years

Upon entry to the study: 12-minute session of
training with at least 6 minutes of CPR

Prior to the study: unknown
Upon entry to the study: standard BLSor AED
training program

Prior to the study: unknown
Upon entry to the study: standard BL S course

Prior to the study: no previous training

Upon entry to the study: 40-minute theoretical
online lecture session and an 80-minute non-
contact practice session

Prior to the study: conventional CPR training
in the third year of the medical program
Upon entry to the study: 1-hour CPR theoreti-
cal lesson every 2 weeks

Prior to the study: recertification CPR program
Upon entry to the study: 10-minute standard-
ized CPR lecture and 30-minute practice

Prior to the study: PALS® or ACLS' certifica-
tion within the past 2 years
Upon entry to the study: standard BL S course

Prior to the study: unknown
Upon entry to the study: 10-minute standard-
ized CPR lecture and 6-minute practice

Training: Laerdal Resusci Anne
Assessment: Laerdal Resusci
Anne

Training: Laerdal Resusci Anne
Assessment: Laerdal Resusci
Anne

Training: Laerdal Resusci Anne
Assessment: Laerdal Resusci
Anne

Training: Laerdal Resusci Anne
Assessment: Laerdal Resusci
Anne

Training app: Massage car-
diague et DSA app

Training device: Laerdal Resusci
Anne

Assessment: Laerdal Resusci
Anne

Training: BT-SEEM BT-Inc
CPR training manikin
Assessment: BT-CPTA BT-Inc
CPR training manikin

Training: Laerdal Resusci Anne
Assessment: Laerdal Resusci
Anne

Training: Laerdal Resusci Anne
Assessment: Laerdal Resusci
Anne

Training: QCPR manikins
Assessment: QCPR manikins

Training: Laerda Little Anne
QCPR

Assessment: Laerdal Little Anne
QCPR

Training: Laerdal Resusci Anne
Assessment: Laerdal Resusci
Anne

Training: Laerdd Little Anne
QCPR

Assessment: Laerdal LittleAnne
QCPR
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Study Country Sample Previous training Feedback device or data collection
Pavo et a (2016) Austria 326 Third-year Prior to the study: basic BLS skills «  Training: HeartStart MRx with
[53] medical students Upon entry to the study: 2 hours of standard Q-CPR-Technology on Ambu-
BLS (AED-BLYS) training; practice until feel ManC manikin
sufficient confidence e Assessment: AmbuManC
manikins with the Ambu CPR
software
Sa-Couto et a Portugal 39 Medica and en- Prior to the study: no previous training «  Training: CPR personal trainer
(2018) [54] gineering students Upon entry to the study: revision of CPR on Simulaids Adult Brad
guidelines and algorithm e Assessment: video analysis and
checklist
Sarac (2017) [55] Turkey 76 Second-year Prior to the study: no previous training « Training: Laerdal Little Anne
university students Upon entry to the study: 14-week first aid o Assessment: Laerdal Resusci
course with 2 weeks, 2 hours per week CPR Anne
section
Smerekaet a (2019) Poland 94 First-year nurs- Prior to the study: no previous training «  Training: TrueCPR on an un-
[56] ing students Upon entry to the study: standard BLS known training manikin
course+10-minute practical training o Assessment: unknown training
manikin
Suet et al (2020) France 61 Second-year Prior to the study: unknown «  Training app: iPhoneapp ZOLL
[57] medical students Upon entry to the study: 1-day duration course PocketCPR on Laerdal Resusci
with CPR training representing half of the day Anne
e Training QCPR: Laerdal Resusci
Anne
e Assessment: Laerdal Resusci
Anne
Tanakaet a (2019)  Japan 497 Laypeople Prior to the study: regardless o Training: Laerdal Little Anne
[43] Upon entry to the study: instructor-led lecture with QCPR Classroom
followed by psychomotor practicefocusedon «  Assessment: Laerdal Little Anne
chest-compression CPR with QCPR Classroom
Wagner et al (2019) Austria 653 Third-year Prior to the study: unknown «  Training: Laerdal Resusci Anne
[58] medical students Upon entry to the study: revision of CPR o Assessment: Laerdal Resusci
guidelinesand demonstration of the CPR algo- Anne
rithm by an instructor
Zhou et a (2020) China 97 Third-year Prior to the study: regardless «  Training: Laerdal Resusci Anne
[59] medical students Upon entry to the study: 45-minute CC%only * Assessment: Laerdal Resusci

CPR training program with 5 cycles of CC on
manikins

Anne

3BLS: basic life support.

BAED: automated external defibrillator.

®CPR: cardiopulmonary resuscitation.
4BLSD: basic life support and defibrillation.
®PALS: pediatric advanced life support.
fACLS: advanced cardiovascular life support.
9CC: chest compression.
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Table 2. Genera design and outcomes of included studies.
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Study Intervention or control Assessment Training-assessmentinterval  Main outcomes or results
Baldi et a *  Control: BLS?or AED® course  1-minute chest compres- «  Postintervention The percentage of compressions
(2017) [41] without any feedback. sion session without with correct depth was higher in
. feedback. the LF group compared to the
. C.
Intervention S=* BLS or AED control (75.7% vs 66.6%).
with a1-minute training session
with afeedback device.
* Intervention LF%: BLS or AED
with a 10-minute training ses-
sion with afeedback device.
Chamdawalaet . 2-minute chest compres- «  Postintervention The intervention group had a

al (2021) [42]

Cortegiani et al
(2017) [23]

Eshel et a
(2019) [48]

Gonzélez-San-
tano et al
(2020) [47]

Jang et
(2020) [49]

Katipoglu et a
(2021) [50]

Kimeta
(2021) [51]

Labuschagne et

a (2022) [52]

Control: practice CPR® with a
schoolteacher. Training duration
not available.

Intervention: 2-minute training
session with feedback device
and instructor verbal prompts if
needed.

Control: 2-minute training ses-
sion with an instructor.
Intervention: 2-minute training
session with feedback device.

Control: academic course with
10 hours of CPR training with
an instructor.

Intervention: academic course
with 10 hours of CPR training
withinstructor and feedback de-
vice.

Control: at least, 6-minutetrain-
ing session with instructor.
Intervention—app: at least, a 6-
minute training session with the
app.

Intervention—feedback device:
at least, a 6-minute training ses-
sion with afeedback device.

Control: four 2-minute sessions
of CPR without feedback.
Intervention: four 2-minute ses-
sions of CPR with afeedback
device.

Control: 15-minute CPR training
session without feedback.

Intervention: 15 minutes of CPR
training with afeedback device.

Control: 80-minute practice ses-
sion with nurse.

Intervention: 80-minute practice
session with feedback device
and feedback from nurse.

Control: 10-minute standard
CPR training without an instruc-
tor.

Intervention: 10-minute CPR
training with afeedback device.

sion session without
feedback.

2-minute chest compres-
sion session without
feedback.

CPR OSCE' evaluation
at the end of the course.
Assessment duration not
available.

3-minute CPR session
without feedback.

2-minute chest compres-
sion session without
feedback.

2-minute CPR session
with feedback for thein-
tervention group on
postintervention assess-
ment and without feed-
back on 1-month follow-
up.

Not available.

2-minute CPR session
without feedback

10 weeks
28 weeks
52 weeks

7 days

Postintervention

Between 7 and 15 days

Postintervention
3 months
6 months
9 months

Postintervention
1 month

Postintervention
4 weeks

Postintervention

higher compression score (61%)
than the control group (41%).

The intervention group had a
higher compression score (90%)
than the control group (67%).

The intervention group had a
higher chest compression fraction
(57%) than the control group
(49%).

The percentage of compressions

with correct depth was higher in

the intervention group (68.2% vs
30.8%).

The intervention group presented
higher percentage of adequate
chest compression depth than the
control group (51% vs 26.9%).

The intervention group presented
better depth on chest compressions
than the control group (50 vs 39
mm).

The intervention group had a
dightly higher scorein CPR perfor-
mance (37.23) than the control
group (33.06).

Similar results in both groups.
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Study Intervention or control Assessment Training-assessmentinterval  Main outcomes or results
Leeeta (2023) «  Control: 30-minute standard 5 cycles of CPR «  Postintervention Theintervention group had signif-
[44] CPR training with an instructor. o 12 weeks icantly higher chest compression
« Intervention: 30-minute CPR scores when compared to the con-
training with afeedback device. trol group.
Lineta (2018) «  control: standardized AHY9BLS 2-Minute chest compres- « 3 months The intervention group had a
[45] coursewith aninstructor. Train-  Sion session without « 6 months greater proportion of participants
ing duration not available. feedback. « 9 months with excellent CPR (54.3%) than
.« Intervention: 2-minute training « 12 months the control group (14.6%).
session with a feedback device,
at least once amonth.
Moreno et a o  Control: CPR trainingwithan  2-minute CPR session «  Postintervention The main outcome improved with

(2021) [46]

Pavo et a
(2016) [53]

Sa-Couto et a
(2018) [54]

Sarac (2017)
[55]

Smerekaet a
(2019) [56]

Suet et a

(2020) [57]

Tanaka et a
(2019) [43]

instructor.
Intervention: CPR training with
feedback device and instructor.

Control: CPR training session
with feedback provided by a
team member. Training duration
not available.

Intervention: CPR training ses-
sion with feedback provided by
feedback device. Training dura-
tion not available.

Control: 1-hour training session
with an instructor.

Intervention: 1-hour training
session with afeedback device.

Control: first aid coursewithin-
structor.

Intervention—real time: 10 CPR
sets with real-time feedback
provided by feedback deviceand
instructor when necessary.
Intervention—report: 10 CPR
setswith instructor feedback and
printed report of CPR skillsafter
training.

Control: 30-minute autonomous
training session without a feed-
back device.

Intervention: 30-minutetraining
session with a feedback device.

Control: half-day CPR training
session with an instructor.
Intervention—app: half-day
CPR training sessionwithanin-
structor and guided iPhone app
PocketCPR.
Intervention—QCPR: half-day
CPR training session with a
feedback device.

Control: standard CPR training
with aninstructor. Training dura-
tion not available.

Intervention: CPR training with
instructor and feedback device.
Training duration not available.

without feedback.

8-minute, 2-rescuer CPR
session without feedback.

2-minute BLS algorithm
session without feedback,
rated with a checklist.

10 sets of CPR without
feedback.

2-minute chest compres-
sion session without
feedback.

2-minute chest compres-
sion session without
feedback.

2-minute CPR session
without feedback.

6 months

Postintervention

1 week

4 weeks

1 month

Postintervention
3 months

Postintervention

statistical significanceintheinter-
vention group with respect to con-
trol.

The qudity of CPR in control and
intervention groups was similar.

Both groups presented identical
mean differences for the total
score, with no statistical differ-
ence.

Both interventions performed bet-
ter in some compression skillsthan
the control group.

Theintervention group is associat-
ed with better CPR skills 1 month
after the training period.

QCPR group had ahigher median
compression score (72%) than the
control group (22.5%).

The intervention group improved
at 39%, while the control group
improved at 20%.
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Study Intervention or control Assessment

Training-assessmentinterval  Main outcomes or results

Wagner et a .
(2019) [58]

Control: 2-minute training ses-

sion with an instructor.

« Intervention—only feedback
device: 2-minutetraining session
with afeedback device.

« Intervention—feedback device

and instructor: 2-minutetraining

session with feedback fromin-
structor seen on feedback de-
vice.

feedback.

Zhou et a .
(2020) [59]

Control: 30-minutetraining ses-
sion with an instructor.

« Intervention: 30-minutetraining
session with feedback device
and instructor.

feedback.

2-minute chest compres-  «
sion session without

2-minute chest compres-  «
sion session without

Postintervention Both interventions were similar

for total compression score (DFh:
87.2%; IDF": 93.2%) but signifi-
cantly better than the control group
(77.3%).

Day 1 (postinterven-  Similar results in both groups.

tion)

«  Day 3(postintervention
2)

« Day 7 (postintervention
3

« 3 months
. 12 months

8L S: basic life support.

BAED: automated external defibrillator.

CSF: short feedback.

dF long feedback.

€CPR: cardiopulmonary resuscitation.

foscE: Objective Structured Clinical Examination.
9AHA: American Heart Association.

"DF: device feedback.

'IDF: instructor and device feedback.

Risk of Biasin Studies

Therisk of biaswas assessed inall 20 RCTs. Among the studies
included, 40% (n=8) presented a high risk of bias
[42,43,46,48,49,52,55,57], and 50% (n=10) presented a low
risk of bias[23,41,44,45,50,51,53,56,58,59]. Table 3illustrates
therisk of biasin each domain (D1-D5), based on RoB 2 [36],
along with the overall risk of bias.

https://mededu.jmir.org/2024/1/€59720
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Acrossall domains, the randomization processwasthe primary
reason for the risk of bias due to no information or absence of
random allocation sequence or no information or absence of
allocation sequence conceal ment. Studieswere assessed to have
anoveral “highrisk” of biasif therewereat least 1 “high risk”
in any of the criteria (D1-D5).
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Table 3. Risk of bias—randomization process (D1), deviations from intended interventions (D2), missing outcome data (D3), measurement of the

outcome (D4), and selection of the reported result (D5).

Study ID D1 D2 D3 D4 D5 Overall
Baldi et al (2017) [41] ,a + + + + +
Chamdawala et a (2021) [42] + 40 _c + + -
Cortegiani et a (2017) [23] + + + + + +
Eshel et a (2019) [48] - + + + + _
Gonzalez-Santano et al (2020) [47] + + + + + +
Jang et a (2020) [49] * + - + + -
Katipoglu et a (2021) [50] + + + + + +
Kim et a (2021) [51] + + + + + +
Labuschagne et al (2022) [52] - + + + - -
Leeet a (2023) [44] + + + + + +
Lin et al (2018) [45] + + + + + +
Moreno et a (2021) [46] + + - + + -
Pavo et al (2016) [53] + + + + + +
S4-Couto et al (2018) [54] + + + + + +
Sarac (2017) [55] - + + + + _
Smerekaet al (2019) [56] + + + + + +
Suet et al (2020) [57] + + + - + _
Tanakaet a (2019) [43] + + - + + -
Wagner et a (2019) [58] + + + + + +
Zhou et & (2020) [59] + + + + + +

8¢ low risk.

b+ some concerns.

C~ highrisk.

Synthesis of CPR Quality

The skills acquisition subgroup included 8 studies
[41,46,48,51-53,57,58] involving 1477  participants.
Meta-analysis results revealed high heterogeneity (12>75%, as
illustrated in Figure 2). All studies presented a positive mean
difference for chest compression score, with an average of
17.37%, favoring the use of corrective feedback devices.

Within the skills acquisition subgroup, further analysis was
conducted to examine the duration of training. Five studies,
involving a total of 1225 participants, focused on training
sessions shorter than 30 minutes[41,46,52,53,58]. These studies
uniformly reported a favorable mean difference in chest
compression score, with an average improvement of 7.21%,
attributed to the use of corrective feedback devices (as shown
in Figure 3A). These studies exhibited low heterogeneity

(1>=0%), underscoring the consistency of the positive effects
observed. Three studies, involving 252 participants, reported
on training sessions with more than 30 minutes [48,51,57] with
high heterogeneity (12>75%). Despite the observed variability,
al studies consistently presented a substantial mean
improvement in chest compression score, averaging 38.91%

https://mededu.jmir.org/2024/1/€59720

(as shown in Figure 3B), underscoring the impact of using
corrective feedback devices in longer training sessions.

Skills retention at 3 months was examined in 3 studies
[45,49,59], involving 366 participants, with low heterogeneity
(17=35%). These studies collectively showed a positive mean
differencein depth scores, averaging 17.99%, favoring the use
of correctivefeedback devices (asillustrated in Figure 4A). For
skills retention between 9 and 12 months, 3 studies [45,49,59]
were analyzed, revealing low heterogeneity (1°=33%). All
studies reported a positive mean difference in depth score, with
an average improvement of 7.84%, favoring the use of corrective
feedback devices (as shown in Figure 4B).

Other meta-analyses were conducted to investigate potential
sources of heterogeneity, including a subgroup analysis based
on risk of bias and study population; however, no significant
results were observed. This meta-analysis did not assess the
quality of chest recoil, hand positioning, and compression
frequency due to insufficient data or challenges in extracting
mean and SD values. Certainty of evidence was assessed using
the Grading of Recommendations Assessment, Development
and Evaluation approach, revealing avery low to low certainty
(asshownin Table4). Publication biaswas not detected through
the analysis of funnel plots (Multimedia Appendix 4).
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Figure 2. Forest plot presenting a mean difference of overall chest compression (CC) score (%) between the intervention (with feedback device) and
control groups (instructor feedback). Positive values favor the use of feedback devices. Data collected immediately after training (skills acquisition
assessment) [41,46,48,51-53,57,58]. * represents pediatric cardiopulmonary resuscitation training.

Experimental Control Weight Mean Difference
Study Total Mean SD Total Mean SD MD 95%-CI (random) CC Score (%)
Labuschagne, 2022 25 8300 148148 28 7500 66667 800 [1.69;14.31] 11.6% E 3
Kim, 2021 31 9265 76600 33 7561 11.3100 17.04 [12.33;21.75] 11.7% [ ]
Moreno, 2021 121 66.00 25.0000 91 58.00 26.0000 8.00 [1.04;14.96] 11.5% -
Suet, 2020 23 72.00 340741 20 2250 36.8148 4950 [28.19;70.81] 8.6% —
Eshel, 2019 67 61.00 320370 78 8.00 19.2593 53.00 [44.22;61.78] 11.2% -
Wagner, 2019 109 87.50 21.6000 108 79.60 30.6000 790 [0.85;14.95] 11.5% -
Baldi, 2017 150 9250 47.0000 150 79.40 41.6000 1310 [3.06;23.14] 11.0% —=
Pavo, 2016 102 43.00 229630 110 41.00 325926 200 [-555; 9.55] 11.4% -
Wagner, 2019 (%) 114 89.00 18.5000 117 82.30 23.3000 6.70 [1.28;12.12] 11.7% L 3
Random effects model 742 735 17.37 [5.64;2911] 100.0% .

Heterogeneity: I = 93%, = 300.0644, p < 0.01 T T
B0 40 20 0 20 40 60

Favors instructor feedback | Favors feedback device
(Control) (Experimental)

Figure 3. Overall chest compression (CC) score: subgroup analysis based on the duration of training. Set of forest plots presenting a mean difference
of overal CC score (%) between the intervention (with feedback device) and control groups (instructor feedback). Positive values favor the use of
feedback devices. Data collected immediately after training (skills acquisition assessment). Subgroup analysis. (A) studies with less than 30 minutes
of training time [41,46,52,53,58] and (B) studies with more than 30 minutes of training time [48,51,57]. * represents pediatric cardiopulmonary
resuscitation training.

(A)
Experimental Control Weight Mean Difference

Study Total Mean SD Total Mean sSD MD 95%-Cl (random) CC Score (%)
Labuschagne, 2022 25 8300 148148 28 7500 66667 8.00 [1.69;14.31] 19.7% ——
Moreno, 2021 121 66.00 25.0000 91 58.00 26.0000 8.00 [1.04, 14.96] 16.2% —-—
Wagner, 2019 109 87.50 21.6000 108 79.60 306000 7.90 [0.85;14995] 15.8% —i—
Baldi, 2017 150 9250 47.0000 150 79.40 416000 13.10 [3.06;23.14] 7.8% —i—l—
Pavo, 2016 102 4300 229630 110 4100 325926 200 [-555 955] 138% — i
Wagner, 2019 (%) 114 89.00 18.5000 117 82.30 23.3000 6.70 [1.28,12.12] 26.7% —-—

i

]
Random effects model 621 604 7.21 [4.41;1001] 100.0% -

T T T 1

Heterogeneity: 12 = 0%, 12 =0,p=0865
20 -10 0 10 20

Favors instructor feedback | Favors feedback device

(Control) (Experimental)

(B)

Experimental Control Weight Mean Difference
Study Total Mean SD Total Mean sD MD 95%-Cl (random) CC Score (%)
Suet, 2020 23 7200 340741 20 2250 368148 4950 [2819;7081] 28 4% —
Kim, 2021 31 9265 76600 33 7561 113100 17.04 [12.33;21.75] 36.4% B
Eshel, 2019 67 61.00 320370 78 8.00 19.2593 53.00 [44.22;61.78] 352% -
Random effects model 121 131 38.91 [15.21; 62.62] 100.0% *--*

[ I I I I I 1
-60 -40 20 0 20 40 60

Favors instructor feedback | Favors feedback device
(Control) (Experimental)

Heterogeneity: 12 = 96%, t- = 396.0968, p < 0.01
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Figure 4. Chest compression depth: subgroup analysis based on elapsed time after training. Set of forest plots presenting a mean difference of depth
score (%) between the intervention (with feedback device) and control groups (instructor feedback). Positive values favor the use of feedback devices.
Subgroup analysisfor different periods of retention: (A) 3 monthsand (B) 9to 12 months[45,49,59]. * represents pediatric cardiopulmonary resuscitation

training.
(A)
Experimental Control Weight Mean Difference
Study Total Mean SD Total Mean sD MD 95%-Cl (random) Depth Score (%)
Jang, 2020 - 3m 48 4230 41100 47 2290 42400 19.40 [17.72;21.08] 69.1%
Zhou, 2020 - 3m 48 76.90 219000 49 64.80 29.1000 1210 [ 1.86;22.34] 17.8% —
Lin, 2018 - 3m 46 8420 46.8000 41 56.40 33.1500 27.80 [10.89; 44.71] 7.7% —_—
Lin, 2018 - 3m (*) 46 9660 500000 41 9120 480000 9540 [-15.21;26.01] 54%
Random effects model 188 178 17.99 [13.04; 22.95] 100.0% sl
Heterogeneity: 12 = 35%, < = 8.5022, p = 0.20 ' ' ' '
40 20 0 20 40
Favors no feedback devices | Favors feedback device
(Control) (Experimental)
(B)
Experimental Control Weight Mean Difference
Study Total Mean SD Total Mean SD MD 95%-Cl (random) Depth Score (%)
Jang, 2020 - 9m 48 3010 42900 47 2500 42900 510 [ 3.37; 6.83] 46.7%
Lin, 2018 - 9m 46 82.20 455000 41 5950 34.4000 2270 [ 5.85;39.55] 10.1% —
Lin, 2018 - 9m (%) 46 96.20 50.0000 41 89.90 472000 6.30 [-14.13;26.73] 7.4%
Zhou, 2020 - 12m 48 63.20 26.8000 49 61.90 286000 130 [-973;12.33] 18.5%
Lin, 2018 - 12m 46 81.20 451000 41 61.60 353000 1960 [ 2.67;36.53] 10.0% —_
Lin, 2018 - 12m (¥) 46 96.00 50.0000 41 89.30 472500 6.70 [-[13.74;27.14] 74%
Random effects model 280 260 7.84 [ 1.82;13.85] 100.0% .
Heterogeneity: I* = 33%, t- = 19.4061, p = 0.19
-20 0 20
Favors no feedback devices | Favors feedback device
(Control) (Experimental)
Table 4. Certainty of evidence (GRADE approach).
Studies,n  Study design  Risk of bias  Inconsistency Indirectness  Imprecision Certainty
CPR? skills acquisition: 8 RCT® Serious Serious® Not serious?  Serious® POeBeo
chest compressions score
CPR skillsretention: com- 3 RCT Serious Not serious Not serious  ggrious® PPOO
pressions depth score (%)
Low

8CPR: cardiopulmonary resuscitation.
BRCT: randomized controlled trial.

®High heterogeneity was identified between studies leading to inconsistency.
doutcome measureswere di rectly associated with the research question. The majority of the corrective feedback devices provided the required outcomes.

€High SDsin most studies.

Discussion

Principal Findings

This paper critically evaluates the effectiveness of corrective
feedback devicesin CPR training for both laypeople and health
care professionals. While severa reviews support the use of
feedback devicesfor CPR training [29-32], some studies report
inaccuracies related to the use of these devices, namely an
overestimation of chest compression depth [60,61]. To the best
of our knowledge, there is no recent and thorough systematic
review and meta-analysis specifically evaluating the effects of
CPR training with corrective feedback devices on the skills

https://mededu.jmir.org/2024/1/€59720

RenderX

acquisition and retention among both laypeople and health care
professionals. Existing reviews often rely on outdated guidelines
[29,30], or encompassed a broader scope, such as the use of
feedback devicesinreal clinical settings[29-31].

Notably, reviews prior to 2015 often did not differentiate
between devices providing guidance and those offering
corrective feedback, a distinction introduced in 2015 CPR
guidelines [28]. One of the earliest systematic reviews showed
evidence favoring the use of CPR feedback devices [29];
however, it included studies based on outdated guidelines and
“prompt” devices.
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A more recent review also reported that feedback devices
promote better chest compressions [30]. However, this review
included nonrandomized trials, studies based on outdated
guidelines, and studies performed in real settings (human
studies), increasing the heterogeneity and potentially reducing
the quality of the review. Subsequent reviews [31,32]
recommended the use of feedback devices but did not include
a meta-analysis [31] and focused on specific groups—health
care professionals [31] and laypeople [32]. Additionally, these
reviews included studies using devices that lacked corrective
feedback.

This systematic review and meta-analysis aim to bridge the
identified gaps by examining theimpact of corrective feedback
devices on the quality of chest compressions during CPR
training across diverse groups. Thisreview exclusively focuses
on studies using corrective feedback devices for skills
acquisition and retention, within simulated or training
environments, targeting both laypeople and health care
professionals. Therigorous search strategy and selection process
ensured a comprehensive and inclusive examination, capturing
all pertinent studies within the scope of this review.

The risk of bias assessment reveadled a general trend of
overestimated effects due to methodological flaws, with few
studies adhering to CONSORT (Consolidated Standards of
Reporting Trials) reporting guidelines [62]. Poorly designed
studies may yield larger effect estimates when compared to
those with rigorous methodologies, potentially compromising
the robustness and reliability of the findings. Several studies
included in the meta-analysiswere noted to have some concerns
or high risk of bias, which may influence the overall findings.
These were not excluded to maintain an adequate number of
studies under analysis, considering that al of those are RCT,
which, per se, represent a superior level of evidence [63].

The majority of studies included in this review featured
intervention groups that conducted training autonomously or
through self-training without direct instructor involvement.
However, some studies did incorporate a degree of instructor
mediation within the intervention groups. In these cases, the
corrective feedback device remained the central component of
the intervention, with the instructors' roles primarily confined
to presenting the metrics generated by these devices.

The presence or absence of an instructor in the intervention
groups was not considered a criterion for inclusion in this
review, which may have introduced a degree of heterogeneity.
The varied outcomes and measurement approaches revealed a
notabl e absence of standardized research protocolsin thisfield.
Specifically, for identical chest compression parameters,
multiple approaches for measuring outcomes were identified.
Adoption of standardized protocols and assessments in future
research could greatly contribute to accurately extract
intervention effects, allowing a more reliable and precise
comparison of results.

The conducted meta-analysisreveal ed significant heterogeneity.
Several factors may have contributed to this variability: the
quality of the studies included; the variable protocol designs
and methodologies used across these studies, including
variations in training methods and assessment procedures; the

https://mededu.jmir.org/2024/1/€59720
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diversity of the outcomes measured; the presence of
nonreporting bias, where studies showing nonsignificant or
minimal effect sizes might be underreported; and intrinsic
heterogeneity due to a wide range of variables identified as
relevant to the analysis.

Degspite significant heterogeneity among some study results,
this meta-analysis provides insights into the positive impact of
corrective feedback devices on CPR training. Asillustrated in
Figure 2, there is an overall positive mean difference between
the control and intervention groups, suggesting a positive impact
of corrective feedback devices in enhancing skills acquisition
and improving the quality of chest compressions. Notably, the
duration of training plays a critical role in this improvement.
Shorter training sessions show a reduced mean difference in
chest compression scores between groups, indicating that
extended exposure to corrective feedback devices yields better
training outcomes. This observation is further supported by the
consistency of results across studies with training durations of
less than 30 minutes, which exhibit low heterogeneity.

In the analysis of skills retention over time, the depth of chest
compressions emerged as the only parameter suitable for
inclusionin the meta-analysis. Examining this specific parameter
revels that the difference between the control group and the
intervention group considerably decreases, when comparing
data from the 3-month and 9- to 12-month subgroups,
accompanied by an increase in heterogeneity (asillustrated in
Figure4). Thistrend suggeststhat, while theimmediate benefits
of using corrective feedback devices to enhance the quality of
chest compression depth are clear, these benefits tend to
converge over time, leading to less pronounced differences
between groups and greater variability in study findings.

The maximum follow-up time analyzed in this review was 12
months dueto thelack of reliable studieswith longer follow-up
periods. More robust studieswith extended follow-up timesare
needed, especially considering that the recommended interval
for recertification is 24 months. The studies with health care
professional s [44-46] were too few to allow a comparison with
studies focusing on laypeople; however, the results suggest a
similar impact of corrective feedback devices in both groups.
Future work could focus on exploring the differences in CPR
skills acquisition and retention between these groups.

Regarding the corrective feedback devices used, the majority
wereLaerda products, including full-body simulators or torsos.
It was unclear whether these devices provided real-time
feedback or presented a summary of the CPR quality at theend
of each training session. Whilereal-timefeedback could enable
immediate correction of maneuvers, it might also serve as a
distraction during training sessions. This analysis, to our
knowledge, has not been studied and could be an important
topic for future research.

Themajority of the studiesincluded in thisreview revealed that
the use of corrective feedback devices during CPR training led
to significant enhancementsin 1 or more key chest compression
parameters. Although the improvements across all parameters
were not uniform, the evidence strongly supportsthat corrective
feedback devices contribute to an overall improvement in CPR
skills acquisition among both laypeople and hedth care
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professionals, especially when exposed to longer training
ons. Longitudinal analysisof skillsretention indicates that
the long-term benefits become less distinct, especially after 3
months. These results are consistent with the findings from a
previous systematic review [32].

The contribution of corrective feedback devices is significant
not only for more objective and standardized training but also
for enabling more frequent practice, without being dependent
on the presence of an instructor. This facilitates continuous
improvement and broader preparation for performing CPR.

Limitations

Thisreview is not without limitations. The high heterogeneity,
variationsin the study designs, and generally low quality of the
included studies challenge the validity and generalization of
conclusions. Additionally, this review only included RCTs,
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which may hinder relevant conclusions resulting from other
designs. The exclusion of studies published before 2015 may
have also omitted relevant data. Moreover, the use of different
tools across studies to evaluate training outcomes introduces
further variability, potentially affecting the judgment of findings.

Conclusions

This review supports the use of corrective feedback devicesin
CPR training as a beneficial complement or surrogate to
traditional training methods (instructor-based feedback).
Corrective feedback devices offer objective insights that can
enhance immediate skills acquisition and may contribute to
long-term retention. However, these findings must beinterpreted
with caution due to the significant variation in study designs
and outcomes, along with the overall low quality of existent
studies, highlighting the urgent need for well-designed,
high-quality studies with standardized protocols.
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CPR: cardiopulmonary resuscitation

OHCA: out-of-hospital cardiac arrest

PICOS: participants, intervention, control, outcomes, and studies

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

SCA: sudden cardiac arrest

SWiM: Synthesis Without Meta-Analysis
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