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BACKGROUND Cardiopulmonary resuscitation (CPR) quality signif-
icantly impacts patient outcomes during cardiac arrests. With ad-
vancements in health care technology, smartwatch-based CPR
feedback devices have emerged as potential tools to enhance CPR
delivery.

OBJECTIVE This study evaluated a novel smartwatch-based CPR
feedback device in enhancing chest compression quality among
health care professionals and lay rescuers.

METHODS A single-center, open-label, randomized crossover study
was conducted with 30 subjects categorized into 3 groups based on
rescuer category. The Relay Response BLS smartwatch application
was compared to a defibrillator-based feedback device (Zoll OneStep
CPR Pads). Following an introduction to the technology, subjects
performed chest compressions in 3 modules: baseline unaided,
aided by the smartwatch-based feedback device, and aided by the
defibrillator-based feedback device. Outcome measures included
effectiveness, learnability, and usability.

RESULTS Across all groups, the smartwatch-based device signifi-
cantly improved mean compression depth effectiveness (68.4% vs
29.7%; P , .05) and mean rate effectiveness (87.5% vs 30.1%;
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P , .05), compared to unaided compressions. Compression vari-
ability was significantly reduced with the smartwatch-based device
(coefficient of variation: 14.9% vs 26.6%), indicating more consis-
tent performance. Fifteen of 20 professional rescuers reached effec-
tive compressions using the smartwatch-based device in an average
2.6 seconds. A usability questionnaire revealed strong preference
for the smartwatch-based device over the defibrillator-based device.

CONCLUSION The smartwatch-based device enhances the quality
of CPR delivery by keeping compressions within recommended
ranges and reducing performance variability. Its user-friendliness
and rapid learnability suggest potential for widespread adoption
in both professional and lay rescuer scenarios, contributing posi-
tively to CPR training and real-life emergency responses.
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Introduction
Mortality rates following cardiac arrests have remained
mostly unchanged over the past decade and need improve-
ment.1–4 A critical factor in increasing survival rates is
delivering high-quality cardiopulmonary resuscitation
(CPR), along with early defibrillation for those with shock-
able rhythms.5–8 However, delivering high-quality compres-
sions is challenging, even for well-trained rescuers.9–12

Despite the existence of CPR feedback devices, their
effectiveness in improving CPR quality remains
inconclusive.4,9,10

The impact of using compression feedback devices on car-
diac arrest outcomes has been explored in a recent meta-
analysis including 13 studies.13 The use of feedback devices
was associated with an increase in the return of spontaneous
circulation in hospital settings. However, when cardiac ar-
rests occurred outside of the hospital, return of spontaneous
circulation was not significantly improved, raising doubts
about their practical impact. It could be speculated that
several factors explain the failure of compression feedback
aids in the OH setting, including their delayed availability
in the critical first few minutes of a cardiac arrest. Instead,
they arrive several minutes later, require time to set up, and
must be adhered to the patient’s chest. Furthermore, lay res-
cuers may lack familiarity with the equipment, potentially de-
laying the initiation of compressions and increasing
interruptions.13,14

It is important to note that in the studies analyzed, rescuers
were unable to achieve average compression depths associ-
ated with an increase in survival.13 In addition, analyzing
an open access
nc-nd/4.0/).
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data using depth averages alone as an outcome variable might
be misleading, since averages fail to account for the propor-
tion of time in and out of the correct range; hence, variability
must be measured and addressed. As a result, mechanical
chest compression devices like the automated LUCAS� de-
vice have gained attention as tools that may deliver consistent
high-quality CPR. However, these devices are not accessible
to lay rescuers and require specially trained personnel for
proper utilization, which might pose barriers to immediate
deployment in emergencies.15,16

Emerging trends in health care technology, in particular
smartwatch-based CPR feedback devices, offer promising
avenues for improving both the accessibility and the quality
of CPR delivery.17 Smart devices with built-in accelerome-
ters have been proposed as suitable feedback aids that might
overcome some of the fallbacks of traditional feedback sys-
tems.18–20 Their widespread availability in OH settings,
versatility, and embedded sensors attached to rescuers
make them ideal companions to enhance performance,
potentially becoming indispensable clinical decision-
support tools.

The present study introduces a novel smartwatch-based
CPR feedback device and comprehensively evaluates its
effectiveness in maintaining compressions at the recommen-
ded range for depth and rate, its effectiveness in reducing
beat-to-beat variability, its learnability, and its overall usabil-
ity. Our approach centers on the premise that an effective
CPR feedback device should guide users to achieve and
maintain accurate and precise compression depths and rates
within a narrow range, emulating the consistency seen in me-
chanical devices. That is, can a smartwatch-based CPR feed-
back device make rescuers consistent while ensuring
immediate, effective compressions? By investigating these
factors, we aim to contribute insights into the potential of
smartwatch-based devices and their role in improving the
quality of CPR delivery and, hence, their potential to improve
patient outcomes.
Methods
The present study is a single-center, open-label, randomized
crossover study of 30 subjects with a wide range of CPR
experience divided into 3 groups. Subjects in group 1 (profes-
sional in-hospital (IH) first responders / IH rescuers) con-
sisted of medical residents, fellows, faculty, nurses, or
other acute care health care providers previously trained
and qualified to perform CPR. Subjects in group 2 (profes-
sional out-of-hospital (OH) first responders / OH rescuers)
were included if they were licensed emergency medical tech-
nicians or other professional first responders expected to
perform CPR as part of their clinical responsibilities. Sub-
jects in groups 1 and 2 were expected to have completed
Basic Life Support (BLS) and/or Advanced Cardiovascular
Life Support training. Subjects in group 3 (untrained re-
sponders / lay rescuers) were included if they had no BLS
or Advanced Cardiovascular Life Support training or certifi-
cation. All testing was performed at the Center for Healthcare
Simulation at the State University of New York (SUNY)
Downstate Health Sciences University.

The study was conducted in a large simulation room, with
manikins placed on the ground. All subjects performed com-
pressions in a kneeling position with knees on a firm pad for
comfort and to avoid pain. Subjects were tested sequentially
and blinded to each other’s participation to avoid bias.
Devices
Devices used in this study were the Study Device, a
smartwatch-based compression feedback device (Relay
Response BLS application; XiMiO Health, Inc, New
York, NY), and a Comparator Device, a defibrillator-
based compression feedback device (Zoll OneStep CPR
Pads; ZOLL, Chelmsford, MA). The Relay Response
BLS application is an investigational compression feed-
back aid that provides real-time compression feedback.
The application uses the embedded mobile sensors from
an Android consumer smartwatch (Ticwatch E3; Mobvoi,
Kowloon, Hong Kong) to calculate and display compres-
sion depth and rate in near–real time. The smartwatch
has an adjustable rubber wrist strap for secure fitting on
all adult-sized wrists.

All compressions were performed on a standard Laerdal
manikin (Laerdal Little Anne QCPRmanikins; Laerdal Med-
ical, Stavanger, Norway).
Study design
Three CPR modules were performed on the Laerdal manikin:
module A: unaided chest compressions without compression
feedback; module B: aided chest compressions with the
smartwatch-based compression feedback aid; and module
C: aided chest compressions with the defibrillator-based
feedback aid. Figure 1 illustrates the overall study design
and module sequence. Before the initiation of the study and
before the commencement of each module, each subject
was given a 2-minute self-directed training period consisting
of a written basic introduction to the study equipment
including a description of the smartwatch-based and
defibrillator-based feedback devices, and a description of
the modules to be completed. Subjects were then asked to
perform American Heart Association–compliant compres-
sions (2.0–2.4 inches, 100–120/min). Subsequently, each
subject read and completed a prestudy questionnaire, which
consisted of general questions related to the user’s experi-
ence, training methods, familiarity with feedback devices,
and perception of their proficiency. Each module consisted
of a 2-minute compression cycle, followed by a 2-minute
rest period, and then a second 2-minute compression cycle.
Ten-minute rest periods were allowed between modules.
Module A was performed first, and the order of the subse-
quent modules B and C was randomly assigned to avoid
learning bias. Subjects in the lay rescuer group (untrained
users) followed the same protocol, except they were not
required to perform module C (as this device is not a known
benchmark for them), and they were given basic scripted



Figure 1 Flowchart diagram illustrating subject enrollment to the 3 groups with further assignment first to the baseline unaided module (all subjects), followed
by the smartwatch-based feedback device module (group 3) of randomization to either the smartwatch-based feedback device module or the defibrillator-based
feedback device module (in-hospital and out-of-hospital rescuers).
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instructions on how to perform chest compressions before
module A. At the end of the study, subjects in the IH and
OH rescuer groups completed a poststudy questionnaire,
which included questions evaluating the usability of both
feedback aids, including the aids’ visual and audio feedback,
comfort, and intent to use if available.
Outcome measures
Data collected from the second 2-minute compression cycle
were used for analysis. To avoid including erroneous data
not related to the performance of chest compressions, the first
3 seconds and the last 5 seconds of data from the study and
comparator devices were discarded, since these data likely
include hand movements during the positioning of each sub-
ject prior to initiating and finalizing compressions. The 3
main outcome measures analyzed in the present study were
effectiveness, learnability, and usability. Effectiveness was
calculated as the percentage of total compressions in which
the rescuer keeps compressions within the suggested range
for depth or rate (2.0–2.5 in and 100–120/min, respectively).
The time to achieve learnability was defined as the time point
where both depth and rate effectiveness are greater than or
equal to 75% for the remainder of the compression session,
considering there must be at least 10 seconds remaining in
the compression session to achieve learnability. Usability
was determined by comparing the data collected from
prestudy and poststudy questionnaires, plotted using a
Likert scale.
Statistical analysis
Numerical data are expressed as means 6 standard error of
the mean when normally distributed. Categorical data are
presented as percentages. All comparisons between groups
are performed by paired t test or ANOVA test. All tests
are 2-tailed. P values ,.05 are considered statistically
significant.

The protocol, informed consent form(s), recruitment ma-
terials, and all subject materials were approved by the
BRANY Institutional Review Board and the SUNY Institu-
tional Review Board.



Table 1 Characteristics of the study population

IH rescuers OH rescuers Lay rescuers

N 10 10 10
Age (years) 42.4 (26–59) 29.2 (22–44) 47.8 (30–66)
Sex
Male 5 4 0
Female 5 6 10

Occupation Attending: 3
Nurse: 3
Resident: 4

EMT: 2
Paramedic: 8

Time since recent
certification
(years)

1.3 (0–2) 2.3 (0–5)† N/A

Times CPR was
performed per
month over the
last year

1.9 (0–10) 4.8 (0–20)† N/A

Times CPR was
performed in the
last month

0.2 (0–1) 2.1 (0–5) N/A

Data are reported as mean (range).
CPR5 cardiopulmonary resuscitation; EMT5 emergency medical techni-

cian; IH 5 in-hospital; N/A 5 not applicable; OH 5 out-of-hospital.
†P , .05.
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Results
Subjects
Table 1 illustrates the characteristics of the study population.
The IH rescuer and OH rescuer groups had an equally distrib-
uted male-to-female ratio; however, the lay rescuer group
was composed only of female subjects. Subjects in the OH
rescuer group performed CPR more frequently and more
recently than the other groups; however, the overall time to
their last certification was longer (2.3 years for OH rescuers
vs 1.2 years for IH rescuers, P , .05).

Before initiating the study protocol and assessing baseline
proficiency, IH rescuers and OH rescuers completed a previ-
sit questionnaire, which showed that most perceived them-
selves as highly proficient in delivering high-quality chest
compressions (85% either strongly agree or agree). Addition-
ally, subjects in these 2 groups also believed their CPR certi-
fications were highly useful and prepared them to compress
effectively (90% either strongly agree or agree) and the
training devices were user friendly (Figure 2).

Despite perceptions of high proficiency, Table 2 reveals
that when performing chest compressions without a feed-
back device, baseline compression depth effectiveness
was 40.2% 6 27.4%, 35.9% 6 32.3%, and 13.0% 6
12.3% (IH, OH, and lay rescuers, respectively), and rate
effectiveness was 27.1% 6 43.9%, 57.1% 6 44.5%, and
6.2% 6 7.0% (IH, OH, and lay rescuers, respectively),
significantly below recommended standards. When using
the smartwatch-based feedback device, there was a signifi-
cant improvement in compression depth effectiveness of
75.4% 6 25.6%, 75.1% 6 17.4%, and 54.6% 6 27.2%
(IH, OH, and lay rescuers, respectively) and compression
rate effectiveness of 94.5% 6 5.5%, 92.8% 6 9.5%, and
75.2% 6 33.5% (IH, OH, and lay rescuers, respectively)
compared to baseline, P, .05 for both parameters. Whereas
the improvement in depth was of similar magnitude between
both feedback aids (P 5 ns), IH rescuers performed com-
pressions at a significantly better rate with the
smartwatch-based feedback aid, P , .05.

A population-based variability assessment is shown in
Table 3, which describes the chest compression averages
(means and medians) and data distribution, reported as the
coefficient of variation (CV) at baseline and using the
smartwatch-based feedback aid for all groups.

At baseline, IH rescuers maintained unaided averages for
depth within the range considered effective by current
American Heart Association standards (mean 2.0 in),
whereas OH rescuers performed compressions deeper than
the desired range (mean 2.5 in). Both groups demonstrated
a wide variability (CV 20.3% and 16.3%, respectively).
Average unaided depths for lay rescuers were marginally
below the acceptable range (mean 1.91 in) with a 41.1%
variability. When the smartwatch-based feedback device
was used, all depth averages were within the acceptable
range (2.05 in), with a significantly narrower CV of
14.9%, implying that rescuers were more likely to stay
within the desired range throughout the compression effort
(P , .001). Similarly, when compression rate data were
analyzed, compared to unaided compressions, utilization
of the smartwatch-based feedback device produced aver-
ages within an acceptable range of 115 compressions per
minute, with a significantly narrower CV of 6.3% for all
subjects (P , .001).

Distributions of unaided and smartwatch-aided compres-
sion data for the whole cohort and each subgroup are graph-
ically represented in Figure 3. Depth and rate data were
categorized in bins of 0.1 inches (depth) and 2 compressions
per minute (rate), and the normalized probability for data
occurring in each bin was calculated. Unaided baseline
compression data were broadly distributed across a wide
range of depths and rates, frequently demonstrating multi-
modal distribution patterns outside the desired ranges despite
achieving average values within a range considered effective
(see Table 3). In contrast, when the smartwatch-based feed-
back device was used, a narrow range of compression depths
and rates was maintained by all groups, with the highest prob-
abilities occurring within the American Heart Association–
recommended ranges for depth and rate.

The ability of a naïve rescuer to learn how to compress
effectively with a smartwatch-based device, despite no prior
training on their use, is illustrated in Figure 4. Figure 4A
shows that, on average, only 4 of 30 subjects reached effec-
tive depth when compressing without a feedback device,
which took 39.3 seconds to achieve. However, when rescuers
used the smartwatch-based feedback device, a significant
improvement was seen (P , .05) where 19 of 30 subjects
compressed at a .75% effective depth in 8.5 seconds
(defined as high learnability). Furthermore, no difference in
learnability was noted among professional rescuers when
the smartwatch-based device was used compared to the
defibrillator-based device. Figure 4B shows that IH and OH



Figure 2 Graphical representation of the Likert scale survey obtained from subjects in the in-hospital and out-of-hospital rescuer groups prior to commence-
ment of the study modules. Questions were aimed at determining their familiarity with feedback aids and baseline perception of their chest compression profi-
ciency. CPR 5 cardiopulmonary resuscitation.
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rescuers reached ideal effectiveness quickly with both feed-
back compression devices (P 5 ns; 2.6 seconds for the
smartwatch-based device and 4.8 seconds for the
defibrillator-based device).

Upon completion of the study protocol, subjects completed
a poststudy questionnaire regarding the usability of the feed-
back devices compared in this study. Figure 5 illustrates the
Likert scale–based results for the smartwatch-based feedback
device (Figure 5A) and the defibrillator-based feedback device
(Figure 5B). Overall, subjects perceived that the smartwatch-
based device assisted them in performing compressions
more effectively than the defibrillator-based device (70% vs
35% strongly agree, smartwatch-based device compared to
defibrillator-based device, P 5 .03). They also found smart-
watches to be more comfortable (70% vs 30% strongly agree,
smartwatch-based device compared to defibrillator-based de-
vice, P 5 .02), to have clearer visual cues (73% vs 30%
strongly agree, smartwatch-based device compared to
defibrillator-based device, P 5 .02), and to be more conve-
nient to use (67% vs 40% strongly agree, smartwatch-based
device compared to defibrillator-based device, P 5 .03)
compared to the defibrillator-based device. In addition, res-
cuers indicated they would use smartwatch-based feedback
Table 2 Chest compression effectiveness

Baseline unaided Smartwatch

Depth effectiveness (%)
All 29.7 6 27.4 68.4 6 25.0
IH rescuers 40.2 6 27.4 75.4 6 25.6
OH rescuers 35.9 6 32.3 75.1 6 17.4
Lay rescuers 13.0 6 12.3 54.6 6 27.4

Rate effectiveness (%)
All 30.1 6 41.0 87.5 6 21.4
IH rescuers 27.1 6 43.9 94.5 6 5.5†

OH rescuers 57.1 6 44.5 92.8 6 9.5†

Lay rescuers 6.2 6 7.0 75.2 6 33.5

Data are reported as mean 6 SD.
IH 5 in-hospital; N/A 5 not applicable; OH 5 out-of-hospital.

†P , .05 between baseline unaided and smartwatch-based feedback device.
‡P , .05 between smartwatch-based feedback device and defibrillator-based feedb
more frequently during training (P , .05) and emergencies
(P , .05) if available.
Discussion
This study used a novel smartwatch-based CPR feedback
device that is effective, accurate (Supplemental Figure 2),
and user friendly. We evaluated the chest compression qual-
ity of professional responders (IH and OH rescuers) and
subjects with no previous CPR experience or training (lay
rescuers). We demonstrated that professional rescuers per-
formed baseline unaided chest compressions below effec-
tiveness standards. However, when the smartwatch-based
compression feedback device was used, all subjects signif-
icantly improved the effectiveness of chest compressions,
and their compression depth and rate were maintained
within a narrow range with minimal variability. Addition-
ally, significantly more professional rescuers were able to
achieve ideal effectiveness and did so in under 10 seconds
with the smartwatch-based feedback device. Importantly,
untrained lay rescuers were also able to significantly
improve the quality of their compressions while using the
smartwatch-based device, with minimal instruction on their
-based feedback device Defibrillator-based feedback device

† N/A
† 73.8 6 37.3
† 81.1 6 31.4
† N/A

† N/A
60.7 6 34.3‡

82.2 6 31.9
† N/A

ack device.



Table 3 Chest compression variability

Baseline unaided Smartwatch-based feedback device

N Mean Median SD CV N Mean Median SD CV

Depths
All 8121 2.19 2.26 0.60 26.6% 7896 2.05 2.06 0.31 14.9%†

IH rescuers 2913 2.10 2.15 0.43 20.3% 2836 2.05 2.06 0.17 8.5%†

OH rescuers 2870 2.50 2.49 0.41 16.3% 2792 2.09 2.08 0.26 12.6%†

Lay rescuers 2338 1.91 1.77 0.78 41.1% 2268 1.99 2.03 0.44 22.3%†

Rates
All 8121 125 123 21 16.9% 7896 115 114 7 6.3%†

IH rescuers 2913 134 134 18 13.8% 2836 114 113 4 3.5%†

OH rescuers 2870 121 119 9 7.2% 2792 114 114 7 5.8%†

Lay rescuers 2338 119 123 29 24.0% 2268 117 115 10 8.5%†

Data are reported as mean 6 SD. N represents number of compressions analyzed.
CV 5 coefficient of variation; IH 5 in-hospital; OH 5 out-of-hospital.

†P , .001 between unaided and smartwatch-based feedback device for all parameters compared.
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use, exemplifying their usability and supporting their poten-
tial clinical value.
Effectiveness
Delivering high-quality chest compressions is difficult
even for trained professionals, who frequently perform
below the recommended standards.4,5,11,21 In line with
these findings, our study’s initial observation underscores
a critical issue: even among professional rescuers with
prior certification and self-reported perception of high pro-
ficiency, baseline (unaided) compression performance fell
short of the desired effectiveness standards, a clear
example of unconscious incompetence.11,22,23 Further-
more, it is well documented that skills can deteriorate
over time, and in our study, the gap of over 1 year since
their last certification may have influenced the suboptimal
baseline performance of the rescuers.6,24 This baseline
assessment is particularly significant, as it illustrates the
pressing need to develop highly usable and effective
CPR feedback devices, given that CPR certifications typi-
cally occur on a 2-year cycle. This study demonstrated sig-
nificant improvements in compression depth and rate
effectiveness when using the smartwatch-based CPR de-
vice compared to unaided compressions. The improvement
was consistent across the different groups of rescuers,
including professional and lay rescuers, and was similar
to the improvement seen when defibrillator-based feedback
devices were used, demonstrating noninferiority between
the 2 devices. This suggests that smartwatch-based CPR
devices can play a crucial role in helping rescuers achieve
and maintain recommended compression depths and rates
during CPR.
Variability
Outcomemeasures generally used to evaluate chest compres-
sion performance rely on the average depth or rate achieved
by rescuers during resuscitation.5 However, as exemplified in
this study, this outcome may be misleading. While mean
values may provide insights into overall performance, they
often fall short of capturing the dynamics of chest compres-
sions. Evaluation of the variability in the depth and rate of
chest compressions during CPRmay be a more accurate mea-
sure to reflect the quality of resuscitation efforts. This study
comprehensively assessed the variability in compression
depths and rates among all rescuers. Standard deviation
(SD) and CV were calculated to quantify the dispersion
and relative variability of compression data. Our analysis re-
vealed that compression data displayed substantial variability
at baseline, as evidenced by high SD values and CV percent-
ages. This variability manifested as broad data distributions,
with compressions occurring across a wide range of depths
and rates. Notably, despite achieving average depth and
rate values close to the desired range for effective CPR, the
unaided compressions often exhibited multimodal distribu-
tion patterns that extended outside these boundaries. In
contrast, when the smartwatch-based feedback device was
used, compression data exhibited a remarkable reduction in
variability. SD values decreased significantly, indicating
tighter data clustering around the mean depth and rate values.
The CV percentages also demonstrated a noteworthy
decrease, signifying a more consistent performance among
all rescuer groups.

Finding reduced variability in compression data sug-
gests that the smartwatch-based CPR feedback device
effectively guides and assists rescuers in achieving a
more consistent and precise performance of chest compres-
sions. Furthermore, variability analysis was performed on
pooled data from each group of rescuers, demonstrating
that the smartwatch-based feedback device could render
a population consistent in performing highly effective
chest compressions, akin to a mechanical compression de-
vice. This consistency is paramount for delivering high-
quality resuscitation efforts during cardiac arrest and
may contribute to improved patient outcomes.1,5,6 More-
over, the reduction in variability has implications for
training and the potential standardization of CPR practices.
As such, future studies or guidance statements may
consider this performance metric as an additional outcome
to evaluate rescuer performances. A CPR aid that promotes



Figure 3 Distributions of baseline unaided (gray line) and smartwatch-aided compressions (blue line) are compared for the pooled data of all individual per-
formances in each group. Normalized probability data were analyzed in bins of 0.1 inches (depth) and 2 compressions per minute (rate). Compressions using the
smartwatch-based feedback device were performed effectively and with little variability by all groups compared to the wide variability seen during the perfor-
mance of baseline unaided compressions.

A B

Figure 4 A: Bar graph representation of the time needed to achieve 75%
efficacy during the baseline unaided module compared to the smartwatch-
based module for all 30 subjects. B: Comparison between the baseline un-
aided module, the smartwatch-based module, and the defibrillator-based
module for the 20 subjects in the in-hospital and out-of-hospital rescuer
groups. Data are mean6 SD. Numbers at the top of the error bars represent
the number of subjects achieving 75% efficiency. *P , .05.
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consistency in compression depths and rates may facilitate
more effective training programs and ensure a higher de-
gree of adherence to recommended practices. Further
research in this area may yield insights into the long-
term effects of reduced variability on patient outcomes
and inform future resuscitation guidelines.

Usability
The effective adoption of newmedical technologies hinges on
factors such as familiarity, ease of use (usability), and the
speed at which users can learn to operate the technology
(learnability). In this context, rescuers may not always be
familiar with different automated external defibrillator–
based aids, which they might encounter for the first time at
a cardiac arrest scene, compared to potentially greater famil-
iarity with mobile technology.13,14 We therefore systemati-
cally assessed the usability of the smartwatch-based CPR
aid, comparing it with a defibrillator-based compression feed-
back aid. Our analysis relied on prestudy and poststudy ques-
tionnaires using a Likert scale. Our findings indicate that
rescuers quickly adapted to using smartwatch-based aids. In
a relatively short time, many subjects achieved effective com-
pressions, highlighting the user-friendliness and training effi-
cacy of the smartwatch-based CPR aid. Furthermore, the
poststudy questionnaire revealed that professional rescuers
found the smartwatch-based aid to have better visual cues
and be more comfortable and convenient than the



A

B

Figure 5 Graphical representation of the Likert scale survey obtained from subjects in the in-hospital and out-of-hospital rescuer groups after completion of all
studymodules. Questions were aimed at comparing the usability of the smartwatch-based feedback device (A) vs the defibrillator-based feedback device (B). Both
groups found usability to be significantly greater for the smartwatch-based feedback device. CPR 5 cardiopulmonary resuscitation.
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defibrillator-based aid. Additionally, all subjects expressed a
strong willingness to use the smartwatch-based CPR aidmore
frequently, both during training and in emergency situations,
if it were available for clinical use. This significant improve-
ment in the usability of smartwatch-based aids might there-
fore positively impact rescuers’ proficiency and encourage
more frequent use and CPR training.1

Learnability
The study also assessed the learnability of the smartwatch-
based CPR aid. The study’s approach to defining a learnabil-
ity threshold, where both depth and rate effectiveness reach
or exceed 75%, provides valuable insights into how quickly
rescuers can adapt to these CPR feedback devices. The re-
sults indicate that the smartwatch-based feedback aid signif-
icantly improved learnability, with most subjects achieving
high effectiveness in less than 10 seconds, highlighting
how rescuers quickly adapted to its use. More importantly,
these results were achieved with minimal instruction and
training time before performing the study protocol, high-
lighting that intuitive application designs and user interfaces
may be instrumental in discovering new paths to proficiency.
This positive outlook underscores the fact that smartwatch-
based feedback devices enhance usability, promote user
acceptance, and motivate users to engage with the technol-
ogy, emphasizing their practical viability. Furthermore,
considering the crucial importance of prompt and efficient
resuscitation efforts, these findings suggest a potential impact
on successful outcomes when using mobile technology that
can be swiftly activated at the cardiac arrest scene.

Accessibility (time to first compression)
The utilization of mobile devices as CPR feedback devices,
particularly through a smartwatch app accessible on both
Android and Apple watches, offers unparalleled advantages
in the realm of emergency response. With over 45% of Amer-
icans already equipped with some form of smartwatch, the
widespread adoption of this technology harnesses a vast
network of potential lifesavers.25 The smartwatch application
tested in this study has compatibility with widely used oper-
ating systems, ensuring that this CPR feedback device can be
readily delivered to a massive user base, making it an inclusive
and accessible tool for both professional rescuers and layper-
sons. Furthermore, the prevalence of existing alert networks
for cardiac arrests, coupled with the instantaneous nature of
smartwatch notifications, enhances the potential for swift
mobilization of nearby individuals equipped with the technol-
ogy, significantly reducing response times. The integration of
mobile devices into the cardiac arrest response chain not
only capitalizes on the ubiquity of smartwatches but also lever-
ages existing digital infrastructure to create a connected and
responsive community of potential first responders.

Some limitations need to be highlighted. Importantly, the
present study is a simulation-based study exploring the po-
tential impact on chest compression effectiveness; therefore,
how well the improvements seen in this study translate to real



130 Cardiovascular Digital Health Journal, Vol 5, No 3, June 2024
clinical scenarios remains to be studied. In addition, all com-
pressions were performed on manikins placed on hard sur-
faces; thus, the impact of compressing on softer surfaces,
such as on mattresses, cannot be accounted for.26 The present
study did not include a calculation of recoil, a clinically
important factor contributing to the quality of compressions.
Furthermore, the subjects in the present study were grouped
based on their previous CPR training and profession but were
not adequately matched regarding their weight and physical
fitness, factors known to affect performance.27 This was
most evident in the lay rescuer group, which potentially
underperformed compared to the other groups, since this
group was composed of only female subjects.27,28

It is important to note that participant recruitment for this
studywas conducted on a first-come, first-served basis without
regard for sex balance; as a consequence, the control group
was composed solely of female participants, while both sexes
were represented in the IH and OH rescuer groups. Whereas
efforts were made to maintain the validity of the findings,
the lack of sex balance may affect the generalizability of the
results in the control group, most likely underestimating the ef-
fects of the smartwatch-based feedback device.
Conclusion
In conclusion, this study introduces a novel smartwatch-
based CPR feedback device that demonstrates great potential
in enhancing the quality of CPR delivery. The key findings
underscore several crucial implications for developing and
using CPR aids. First and foremost, the smartwatch-based
CPR feedback device showcases its effectiveness in substan-
tially improving the quality of CPR, particularly by coaching
rescuers to perform compression depth and rate within the
recommended ranges. This fundamental enhancement can
have a profound impact on patient outcomes.28 Second, by
significantly reducing performance variability, the
smartwatch-based aid ensures more consistent and effective
resuscitation efforts. This holds immense value, especially
when considering the diversity of rescuers with varying
levels of experience. The aid’s ability to standardize CPR
performance is a critical stride toward elevating the overall
quality of resuscitation care. Equally important is the de-
vice’s user-friendliness and rapid learnability. Rescuers
swiftly adapt to the smartwatch-based feedback devices,
often achieving high levels of effectiveness in a matter of sec-
onds. This highlights not only the practical viability of the
technology but also its potential for widespread adoption.
Whether in training scenarios or real-life emergencies, the
aid positions itself as a valuable tool for both professional res-
cuers and lay rescuers alike, making them always ready to
respond effectively. This ease of adoption could play a
pivotal role in advancing “public access” automated external
defibrillator programs and enhancing bystander CPR efforts,
ultimately saving more lives within our communities. Further
research in clinical settings will be instrumental in validating
their impact on patient survival rates.
In summary, the smartwatch-based CPR feedback device
evaluated in this study represents a significant advancement
in the field of resuscitation. Its potential to improve CPR
quality, reduce variability, and facilitate rapid adoption posi-
tions it as a transformative tool in the ongoing mission to
enhance cardiac arrest response and patient outcomes.
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