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Abstract

Background: Pediatric cardiac arrest (PCA), although rare, is associated with high mortality. Deviations from international
management guidelines are frequent and associated with poorer outcomes. Different strategies/devices have been developed to
improve the management of cardiac arrest, including cognitive aids. However, thereis very limited experience on the usefulness
of interactive cognitive aids in the format of an app in PCA. No app has so far been tested for its usability and effectivenessin
guiding the management of PCA.

Objective: To develop a new audiovisual interactive app for tablets, named PediAppRREST, to support the management of
PCA and to test its usability in a high-fidelity simulation-based setting.

Methods: A researchteam at the University of Padova (Italy) and human—machineinterface designers, aswell as app developers,
from an Italian company (RE:Lab S.r.l.) developed the app between March and October 2019, by applying an iterative design
approach (ie, design—prototyping—evaluation iterative loops). In October—November 2019, a single-center nonrandomized
controlled simulation—based pilot study was conducted including 48 pediatric residents divided into teams of 3. The same
nonshockable PCA scenario was managed by 11 teams with and 5 without the app. The app user’s experience and interaction
patterns were documented through video recording of scenarios, debriefing sessions, and questionnaires. App usability was
evaluated with the User Experience Questionnaire (UEQ) (scores range from —3 to +3 for each scale) and open-ended questions,
whereas participants workload was measured using the NASA Raw-Task Load Index (NASA RTLX).

Results: Users difficultiesin interacting with the app during the simulations were identified using a structured framework. The
app usability, in terms of mean UEQ scores, was asfollows: attractiveness 1.71 (SD 1.43), perspicuity 1.75 (SD 0.88), efficiency
1.93 (SD 0.93), dependability 1.57 (SD 1.10), stimulation 1.60 (SD 1.33), and novelty 2.21 (SD 0.74). Team leaders' perceived
workload was comparabl e (P=.57) between the 2 groups; median NASA RTLX scorewas 67.5 (interquartilerange [IQR] 65.0-81.7)
for the control group and 66.7 (IQR 54.2-76.7) for the intervention group. A preliminary evaluation of the effectiveness of the
app in reducing deviations from guidelines showed that median time to epinephrine administration was significantly longer in
the group that used the app compared with the control group (254 seconds versus 165 seconds; P=.015).

Conclusions: The PediAppRREST app received a good usability evaluation and did not appear to increase team leaders
workload. Based on the feedback collected from the participants and the preliminary results of the evaluation of its effects on the
management of the simulated scenario, the app has been further refined. The effectiveness of the new version of the app in
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reducing deviations from guidelines recommendations in the management of PCA and itsimpact on time to critical actions will
be evaluated in an upcoming multicenter simulation-based randomized controlled trial.

(JMIR Mhealth Uhealth 2020;8(10):€19070) doi: 10.2196/19070

KEYWORDS

cardiac arrest; resuscitation; mobile app; high-fidelity simulation training; cognitive aid; pediatrics;, emergency medicine

Introduction

Methods

Pediatric cardiac arrest (PCA), although rare, is an important
public health issue due to its high mortality and morbidity, its
complex time-dependent management and emotional burden,
its social and economic costs, and differenceswith adult cardiac
arrest (CA) [1-5].

International guidelines by relevant societies are periodically
updated to help health professionals provide the best
evidence-based basic and advanced care to improve the
management and outcome of PCA [6-10]. Nevertheless,
deviations from guideline recommendations occur frequently
inthe management of CA [11-19] and are associated with poorer
clinical outcomes[20,21].

Different cognitive support tool s have been devel oped and tested
in order to improve adherence to guideline-recommended
management of both adult CA and PCA, with variable results.
Most of thesetools are devicesthat providereal-time audiovisual
feedback on the quality of chest compressions. Such tools have
shown to be effective in improving the quality of compressions
[22-25]. Several tools have been conceived to guide bystanders
management of out-of-hospital CA (OHCA) through audio/video
support by means of mobile phones [26]. Augmented reality
glasses have also been studied to communicate with a remote
intensivist to support the management of in-hospital PCA [27]
or to display Pediatric Advanced Life Support (PALS)
guidelines to the team leader during a PCA scenario [28] with
partial benefit in improving resuscitation performance. In
addition, numerous apps have been created to support the
management of CA, mainly for OHCA. However, a recent
systematic review outlined how the majority of these apps are
not tested for content, usability, and effectiveness, even though
many have already been released and are available on app stores
[29].

Research on apps devel oped and tested to guide the management
of in-hospital PCA is very limited [30], and to the best of our
knowledge, no app has so far been tested for both its usability
and its effectiveness in guiding the management of PCA.

Based on the deviations from guidelines recorded on a prior
study conducted by our research team in PCA simulation
scenarios [31], we set out to design, develop, and test a new
interactive multimodal (audio—visual) cognitive aid in theformat
of atablet app.

The primary aim of this pilot study was to refine the app and
to test its usability and impact on team leader’s workload using
high-fidelity smulation. As a secondary aim, we explored the
trend in the occurrence of deviations from guidelines.

https://mhealth.jmir.org/2020/10/€19070

App Development

We designed and developed an app for tablet that we named
Pedi AppRREST, which istheresult of the collaboration between
apediatric research team, including physicians and researchers
from the Pediatric Emergency Department and the Pediatric
Intensive Care Unit of the University Hospital of Padova (Italy),
and human—machine interface designers, human factor experts,
and app/software developers of RE:Lab Svr.l., an Interaction
Engineering company (Reggio Emilia, Italy).

The app was designed to guide the team leader to perform
resuscitation interventionsin the sequence/timing and modality
reported by the American Heart Association (AHA) PALS 2015
guidelines[6-8]. In the design process wetook into account the
results of a prior study conducted by our research team [31],
which assessed deviations from guidelines in PCA simulation
scenarios managed by pediatric residentswithout the use of any
cognitive aid.

We devel oped the app between March and October 2019. Asa
first step, the research team defined the actions to be displayed
in separate screens, the flow/pathways, and the additional
features that were deemed helpful to guide resuscitation and
achieve a high-quality cardiopulmonary resuscitation (CPR),
based on recommended PALS guidelines/a gorithms. We then
progressively refined and validated the cognitive aid following
an iterative prototyping development approach [32]. In the
development phase, seria testing of the app by research staff
revedled bugs and highlighted the need for refinements
concerning the information layout and organization, the user
interface navigation flow, and the naming conventions. Bugs
and re-design suggestions were implemented by the Interaction
Engineering company.

App Description

Directions on recommended interventions, following the order
reported in the PALS algorithms, are sequentially displayed in
the app which has been designed as a checklist app. Indeed,
progression to the next screen isallowed once the recommended
actions are tapped by the user, to indicate they have been read
and likely performed.

The main criteria applied in the user experience design phase
of the app have been (1) timely information (each screen gathers
only the necessary information for each phase of the PALS
algorithm, communicating it both visually and acoustically,
with the aim of reducing the load on the team leader’s working
memory and relying on a multichannel communication); (2)
priority (actions [ie, epinephrine administration] triggered by
timers have priority on other actions displayed on the screen);
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and (3) sequential versus alternative choices (decisions that
team leaders must take into consideration concern actions and
choices to be performed sequentially or aternatively). Hence,
sequential actions are displayed with rectangular buttons, aligned
vertically on the page, whereas alternative choices are organized
with sguare buttons, aligned horizontally on the screen (Figure

Corazzaet al

1). The app iscurrently in Italian, but amultilingual versionis
under devel opment (an English translation of the screen content
is herein provided to ease the understanding of this article).

Each screen is structured into 3 zones (Figure 2): zone 1 (top
bar), zone 2 (main area), and zone 3 (bottom bar).

Figure 1. Sequentia versus aternative choices. CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation.
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Figure 2. User interface main areas. CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation; VF: ventricular fibrillation; VT:

ventricular tachycardia.

The main area presents the actionsto be performed (with buttons
of the same shape and color) or aquestion with different choices
(buttons with different colors). Once the user taps on a button,
the flow of promptswill progress following the user’s choices.
On the top bar amenu-1og button, a 2-minute countdown clock
for repeat rhythm check button, a button with countdown for
medications, a metronome button, and a total counter are
displayed. The metronome button can be activated by atap: this

https://mhealth.jmir.org/2020/10/€19070

XSL-FO

RenderX

ﬁ @ Zone 1:
. 0018 Top bar
RHYTHM?

’ ,\ Zone 2:

Main area
SHOCKABLE NON-SHOCKABLE
(VT er VF) (ASYSTOLE or PEA)
CPR ROSC Zone S e

isasound guide to perform compressions at the recommended
rate (100-120/minute). On the bottom bar, CPR and Return of
Spontaneous Circulation (ROSC) buttons are available at any
time: the CPR button opens up arecap of the characteristics of
a high-quality CPR, whereas the “ROSC” button summarizes
the recommended management when ROSC is achieved (Figure
3).
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Figure3. Cardiopulmonary resuscitation (CPR) and return of spontaneous circulation (ROSC) information. EKG: electrocardiogram; EtCO2: end-tidal
CO2; FiO2: fraction of inspired oxygen; SaO2: oxygen saturation measured with pulse oximetry.
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The flow of actions that pops up in the app main area follows
2 different pathways based on the identified cardiac rhythm on

the monitor (shockable versus nonshockable rhythms), as per
PALS algorithms.
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The app provides assistance with shock delivery, in case of a
shockable rhythm, and the preparation/administration of
medications, prompting the correct doses (automatically
calculated on patients weight) and time intervals of
administration (Figure 4).

Figure 4. Epinephrine administration screens. CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation.
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Every 2 minutes the app acoustically and visually reminds the
user to check the rhythm and, in case of a shockable rhythm, to
deliver a shock.

Finally, the app promptsto search/treat reversible causes of CA
and to correctly manage the airway (Figure 5).

The app a so gives audio prompts, suggesting the user to perform
the actions shown on the main area of the screen. The user can
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navigate the app only using touch gestures. Voice interaction
has not been integrated due to the characteristics of the
resuscitation environment, which would impede accurate
recognition of vocal commands.

All actionsdone by the user are sequentially saved on the device
inthelog function to storeinformation that can beretrieved for
any documentation purpose.
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Figure5. Reversible causes and airway management screens. CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation.
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Pilot Study

We conducted a single-center simulation-based pilot
nonrandomized controlled study in October—November 2019
at the University Hospital of Padova, Italy. Although our study
is not a randomized controlled trial (RCT), we followed the
guidelines for reporting simulation-based studies as far as
applicable [33]. All the teams of the intervention group had to
manage a standard simulated PCA scenario with the use of the
same version of the PediAppRREST app, while the teams of
the control group managed the same scenario without the app,
following usual practice. We chose a case of nonshockable PCA
because asystole/pulseless electrical activity are the most
frequent initial CA rhythms in children [4]. Participants were
pediatric residents in their third/fourth/fifth year of their
pediatric residency program who had AHA-PALS provider
certification. To obtain this certification providers have to
undertake a standardized resuscitation course with theorical and
simulation-based education [34]. Residents unable to attend the
simulations because of maternity/sick/persond leave or training
abroad were excluded from the study.

Further detailsregarding the study methodology and procedures
are described in Multimedia Appendix 1.

Written informed consent for participation was obtained from
all the participants. The study was approved by the Hospital
Ethics Committee as an educational project.

Outcomes

The primary outcomes of our study were the usability of the
app and the team leader’s workload. They were measured by 2
validated questionnaires, the User Experience Questionnaire
(UEQ) [35-38] and the National Aeronautics and Space
Administration Raw-Task Load Index (NASA RTLX)
questionnaire [39,40], respectively.

Secondary outcomes were qualitative feedback on the app
provided by participants, preliminary data on deviations in
management from PAL S guidelines recommendations, time to
epinephrine administration, and resuscitation performance of
the teams evaluated with the validated Clinical Performance
Tool (CPT) [41,42].
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The User Experience Questionnaire

The UEQ isavadidated questionnaire which comprises 26 items.
Each item is represented by 2 terms with opposite meanings
that the user evaluates on a 7-point Likert-type scale (from -3
to +3). The 26 items are grouped into 6 scales that cover both
classical usability aspects (efficiency, perspicuity, dependability)
and user experience aspects (attractiveness, stimulation,
novelty). The range of each scale is also between -3 and +3.
The standard interpretation of the scaleis that values between
—0.8 and 0.8 represent aneutral evaluation of the corresponding
scale, values over 0.8 represent a positive eval uation, and values
less than —0.8 a negative evaluation [35-38].

The NASA Raw-Task Load | ndex

The NASA RTLX is a simplified version of the NASA-Task
Load Index which isasubjective multidimensiona tool designed
to assess workload. Six subscales represent different domains
of the perceived workload: mental demand, physical demand,
temporal demand, frustration, effort, and performance. Each
domainis clearly defined and rated by participants through a0
to 100 scale with 5-point steps. The ratings of the 6 subscales
are simply averaged to create an estimate of overall workload,
defined as low (<40), moderate (between 40 and 60), and high
(>60) [39,40].

Qualitative Feedback

The qualitative feedback on user app interaction was collected
through open-ended questionsin the postscenario questionnaire
(“What are the main difficulties you have encountered in the
use of the app and/or tablet?’, “Do you have any suggestions
to improve the app or its use?’) and through the postscenario
debriefing. Feedback from participants was categorized by
common themes.

Deviations From PALS Guidelines

Deviations from PALS guidelines recommendations were
defined as delays and errors according to a novel checklist
adapted to our intervention and scenario. We derived this new
measure from the checklist, denominated c-DEV, published by
Wolfe et a [20] and we integrated it with evidence-based
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guidelines[6-8], previously reported scoring tools[41-44], and
checklists [45,46]; we named our new modified checklist
¢c-DEVplus(MultimediaAppendix 2). Itincludes 16 itemswhich
represent correct critical actionsfor pediatric resuscitation. Each
item is associated with a score as follows: O (action correctly
and timely performed, as described in theitem) or 1 point (action
not undertaken or undertaken incorrectly or with wrong timing).
The points of each action were summed and expressed asatotal
score ranging from O to 16. A higher c-DEVplus total score
corresponds to more deviations from the guidelines. Time to
epinephrine administration was measured in seconds from the
recognition of CA to the moment epinephrine was administered.

The Clinical Performance Tool

The CPT is a performance assessment tool and a validated
scoring system designed based on PAL S a gorithms comprising
different tasks. Each task is scored as follows:. not performed
(O points), performed partially, incorrectly, or late (1 point);
and performed completely, correctly, and timely (2 points).
Thus, the tool assesses sequence, timing, and quality of specific
actions during different simulated scenarios [41,42]. In our
study we used the section related to asystole and the reviewer
assigned a score from 0 to 13 to each scenario.

Statistical Analysis

The characteristics of the study participants, stratified by group
allocation (control vsintervention), and the outcome variables,
were summarized using descriptive statistics, and compared
between the 2 groups using Mann-Whitney U tests for
continuous variables, and chi-squared tests or Fisher exact tests
for categorical variables. Data were entered into an Excel

Table 1. PediAppRREST app usability.

Corazzaet a

database (Microsoft) and were analyzed using Stata (version
13; StataCorp). P-values were two-sided, and differences were
considered significant if P was <.05. The statistical analysison
the app usability, obtained through the UEQ, was conducted
using the UEQ dedicated software, which provides descriptive
statistics, and Cronbach o coefficients for each subscale,
indexing their internal consistency [38].

Results

Characteristics of Participants

During the study period, 63 pediatric residents were assessed
for digibility, of whom 48 (16 for each one of the 3 years of
residency program involved in the study) were included in the
study and divided into teams of 3. Five teams managed the case
following usual care (control group), whereas 11 teams
(intervention group) conducted the scenario using the support
of the PediAppRREST app (Multimedia Appendix 3).

Participants' demographic characteristics, as well as training
and clinical experience of resuscitation, were comparable
between the 2 groups (Multimedia Appendix 4).

Primary Outcomes

The Pedi AppRREST app attractiveness, perspicuity, efficiency,
dependability, stimulation, and novelty were on average
evaluated positively; mean UEQ scal e scoreswere substantially
above the 0.8 cutoff. UEQ scales internal consistency varied
from poor (perspicuity) to acceptable (efficiency and
dependability), good (novelty), and excellent (attractiveness
and stimulation); see Table 1.

UEQ?scale Mean (SD) 95% CI Cronbach o coefficient
Attractiveness 1.712 (1.434) 0.865-2.559 .98
Perspicuity 1.750 (0.880) 1.230-2.270 55
Efficiency 1.932 (0.929) 1.383-2.481 72
Dependability 1.568 (1.102) 0.917-2.219 76
Stimulation 1.598 (1.333) 0.811-2.386 91
Novelty 2.205 (0.740) 1.767-2.642 86

3UEQ: User Experience Questionnaire.

Team leaders perceived workload was comparable between
the 2 groups;, median NASA RTLX score was 67.5 (IQR
65.0-81.7) for the control group and 66.7 (IQR 54.2-76.7) for
the intervention group (P=.57).

Secondary Outcomes

Based on the qualitative feedback provided by participants, the
most frequently highlighted difficulties were (1) interacting
with the screens flow because information delivery was unclear
about recommendation on performance of an action versus
suggestion to perform an action based on the team skill set, that
is, advanced airway management (n=8 team leaders); (2)
information overload in the reversible causes screen, which was
perceived as too dense (n=5); (3) understanding whether the

https://mhealth.jmir.org/2020/10/€19070

selection of an icon for arecommended action had to occur at
the beginning of the action or after the action was completed
(ie, users did not understand whether to select the epinephrine
icon at the time of preparation or administration; n=5); and (4)
interacting with the app while leading the teamwork (n=4). A
less frequently reported difficulty was the lack of a traditional
PALS algorithm embedded within the app (n=2). Lastly, it also
emerged that longer training and familiarization with the app
before the simulated scenario would have been beneficia to
interact more efficiently and effectively with the app.

With respect to deviations from the guidelines, the frequency
of (1) incorrect compressions-to-ventilationsratio during CPR,
(2) prescription of incorrect doses/dilutions of epinephrine, and
(3) lack of search/treatment of reversible causes of CA (ie,
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hypovolemia) were higher in the control group in comparison
to the intervention group; however, these differences did not
reach statistical significance (Table 2). Furthermore, athough
the median number of deviations (c-DEV plusscore) from PALS
guidelines recommendationswas similar between the 2 groups,
a datigtically significant delay (P=.015) in epinephrine

Table 2. Resuscitation performance of the teams.

Corazzaet a

administration was observed for the intervention group
compared with the control group (Table 2). Nevertheless, the
overal clinical performance of the teams, evaluated through
thevalidated CPT, was comparabl e between the 2 groups (Table
2).

Performance Control group (N=5) Intervention group (N=11) P-value
Incorrect compressions-to-ventilation ratio, n (%) 1(20) 0(0) 31
Incorrect dose or dilution of epinephrine, n (%) 1(20) 0(0) 31
Lack of search and treatment of reversible causes of cardiac arrest, 2 (40) 2(18) .55

n (%)

c-DEVplus score, median (IQR) 6 (6-7) 6 (4-7) .27
Time (seconds) to first epinephrine administration, median (IQR) 165 (139-173) 254 (204-290) .015
CPT? scores, median (IQR) 9(8-10) 9(9-10) a7

8CPT: Clinical Performance Tool.

Discussion

Principal Results

We developed a novel cognitive aid, an app for tablet, which
aims to optimize the management of PCA by facilitating
increased adherence to guideline recommendations. In our pilot
study, the app showed a good usability profile and its use was
not associated with increased team leaders’ workload. These
findings are encouraging and in contrast to data on previously
developed cognitive support tools which are shown to increase
users workload [47]. Our results lay the ground to further test
in an RCT the effectiveness of the PediAppRREST app which
has now been refined. In fact, based on the feedback provided
by participantsin this pilot study, we have modified the app to
improve the app—user interaction, and integrate better the use
of thetool within the scenario management flow, by minimizing
possible distractionsrelated toitsuse, aswell aspossiblerelated
interferencein team communication. Participants’ feedback has
also guided us in better organizing the presentation of
information/prompts (wording, content per screen, definition
of single management steps, type of prompts) and the flow of
information in the app. We have also reduced information load
per screen and endeavored to facilitate the user’s understanding
of the prompts presented by the app. Lastly, participants
expressed the need for alonger training and testing of the app
to better familiarize with thetool. Thiswill be taken into account
for the design of the RCT protocol.

https://mhealth.jmir.org/2020/10/€19070

Our preliminary results, although based on avery limited sample
size, highlighted the potential benefits, aswell asthe drawbacks,
of using the app to guide resuscitation. Nevertheless, we are
confident that the refined version of the app based on the
feedback received inthis pilot study and abetter familiarization
with it prior to its use have the potential to significantly reduce
deviations from guidelines, which correlate with clinical
outcomes [20], while limiting drawbacks, such as the delay in
epinephrine administration. Our pilot study showed a median
time to epinephrine administration approximately 90 seconds
longer in the group using the app in comparison to the control
group. This would be an unacceptable side effect as a recent
study showed how survival decreased by 5% for every minute
delay in administration of epinephrine [48]. For thisreason, we
have re-designed the information flow and presentation of
information for the delivery of epinephrinewith the aim to better
reflect the management flow. Thus, we have separated the
information on the preparation of epinephrine from the
information on its administration (Figure 6).

We also measured team performance by means of the validated
CPT score [41,42] and found similar resultsfor the control and
intervention groups. However, athough this tool has been
widely used in simulation research, its score has not shown to
be associated with change in clinical outcomes. In addition, its
items are limited and only partially reflect the potential of the
app in reducing deviations from guidelines. Nevertheless, our
findings are an important starting point for the design and
development of an RCT to test the effectiveness of the app.
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Figure 6. Epinephrine preparation and administration screens. CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation.
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Limitations

The results of our pilot study are preliminary and are the first
step of alarger project that aims at testing the effectiveness of
the PediAppRREST app. As such, they cannot be considered
definitive, asthe sample sizeisvery limited. However, thispilot
experience was essential to refine the newly devel oped tool and
to verify there werethe premisesfor alarger comparative study.

Participants of our study were exclusively pediatric residents.
Although this may limit the generalizability of study findings
to other clinicians, trainees are in a unique process of learning
and are more used to incorporate digital assistive toolsin their
clinical practice. Whilein our setting it is easier to get trainees
involved in simulation projects, than experienced clinicians,
the app could be seen as a training tool in itself and future
studies will be designed to test its effectiveness in knowledge
and skill retention.

Our resuscitation team composition differsfrom other settings,
where a co-team leader, arespiratory therapist, or a CPR coach
is often part of the team, which includes a higher number of
members. We chose ateam composition that reflects the actual
management at our institution during night shifts, wheretrainees
arein the front line in the management of the first few minutes
of pediatric emergencies. We felt it was important to test the
devicein this highly stressful and staff-limited scenario where
the app could be most useful.

The intervention and control groups were unbalanced with
respect to the intervention group aswe needed to test the device
inthefirst place, and afew control teams were necessary to test
the overal procedures for the RCT. Similarly, athough we
randomly allocated residentsto each team and randomly selected
the teams who were performing the scenario without the app,
the timing of app availability was the main determinant of our
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pilot study procedure and a proper randomization process will
be performed for the future RCT.

A single trained reviewer rated the videos as the preliminary
eval uation of team performance and deviationsfrom guidelines
wereasecondary aim of this study. Two independent and trained
reviewerswill be ensured for the RCT, and interrater reliability
will be reported and monitored. Blinding of participants and
research staff was not possible because of the nature of
simulation-based study. Blinding of video reviewer was not
applied as video recording of the team leader using the app and
the tablet was necessary to detect possible difficulties with its
use. Blinding of the statistician performing data analysis will
be ensured for the RCT.

The high-fidelity simulation setting during the last decades has
established itself as a way to investigate rare but high-risk
medical conditions. Although it does not provide dataon actual
patient outcomes, it is the best available way to reproduce and
study rare high-stake emergencies and test novel devices
devel oped to improve their management without compromising
patients' safety.

Comparison With Prior Work

Severa researchers have tried to create and test software
products and apps to improve the quality of resuscitation.
Different products have been conceived, mostly dealing with
OHCA and in-hospital CA (IHCA) in adults. For instance, to
help lay rescuers to manage adult cases of OHCA, different
tools have been developed, such as the M-AID (an app for
mobile phones [49]); a handheld personal computer software
(personal digital assistant) [50]; and a voice activated decision
support system, which is installed on a smartphone [51].
Conversely, other products have been developed and tested to
aid professiona sin training or qualified health professionalsin
the management of adult IHCA. These instruments comprise
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mobile apps, such as the iResus app developed by the
Resuscitation Council UK [52] and the Medical Assistance
eXpert (MAX) smartphone app [53,54], as well as an iPod
Touch software (decision support) [55]. Very variable results
were obtained when these toolsweretested in simul ation-based
RCTs with only partial benefit observed in those studies that
achieved positive results [50-52,54,55].

With regard to PCA, a mobile app was developed to help
adolescent lay bystanders to manage an infant OHCA scenario,
but an RCT showed that the participants who used the app only
partially improved their performance [56]. Siebert et al [28]
adapted PAL Sguidelinesto augmented reality glassesand tested
the novel cognitive aid through a simulation-based RCT on a
case of shockable pediatric IHCA. The tria did not show a
significant difference in time to defibrillation when using the
augmented reality glasses compared with the PALS pocket
reference card. However, the intervention group showed a
reduction in the number of errorsin defibrillation doses.

An app to help nurses prepare and administer drugsfor infusion
during in-hospital pediatric resuscitation has been recently
developed and tested in a simulation-based RCT. The app was
effective in reducing errors and time to preparation/delivery of

Corazzaet a

medications compared with conventional methods[57]. Another
simulation-based RCT, from the same research group, has shown
areduction in the time to critical actions and in the deviations
from guidelines recommendations in the management of a
shockable PCA in the group guided by an app for tablet
compared with the group that used the PAL S pocket reference
card [30]. However, the app had not been previously tested for
its usability and the sample size was limited (13 residents per
group playing the team leader role, whereas the other team
members were part of the research staff) [30].

To our knowledge, no app similar to the PediAppRREST has
been tested in a pilot study to be refined, and to evaluate its
usability and related workload before being tested in an
adequately powered RCT.

Conclusion

We developed and refined a novel interactive tablet app
(Pedi AppRREST) for the management of PCA that has potential
to reduce deviations from guidelines recommendations. The
app showed agood usability profile and was not associated with
higher team leaders' workload. After this pilot testing its
effectiveness will be evaluated in an adequately powered
simulation-based RCT.

Acknowledgments

The authorsthank Professor Anna ChiaraFrigo for her contribution in randomly assigning residentsin teams of 3, the Department
of Informatics and Telecommunications of University of Padova and its Director Dr Andrea Baraldo for supporting the project,
and all pediatric residents who took part into this study. This work was funded and supported by the Department of Women's
and Children’s Health and the University of Padova, Italy.

Authors Contributions

FC and SB conceived the devel opment of the app and the pilot testing study. ML, LS, and FT were responsible for designing and
developing the app prototypes. FC, SB, VS, FM, MD, DS, and LDD tested the app prototypes, organized, and conducted the
simulation sessions. FC reviewed the videotapes of the simulations and collected data. MA performed the statistical analysis. FC,
SB, and MA drafted the manuscript. SB supervised the different stages of the study. All authors revised and approved the final
version of the manuscript.

Conflictsof Interest

The authors affiliated with RE:Lab had no direct involvement in the project, other than the technical activities related to the
development of the app. All the other authors have no conflict of interest to declare neither with the RE:Lab company nor with
other companies.

Multimedia Appendix 1

Pilot study methodol ogy.
[DOCX File, 23 KB-Multimedia Appendix 1]

Multimedia Appendix 2

c-DEV plus score calculation grid.
[DOCX File, 19 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Flowchart of participant recruitment and study group allocation.
[DOCX File, 34 KB-Multimedia Appendix 3]

https://mhealth,jmir.org/2020/10/€19070 JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 10 | €19070 | p. 9

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v8i10e19070_app1.docx&filename=964f946a2a333bf7def3f2da3e053e0d.docx
https://jmir.org/api/download?alt_name=mhealth_v8i10e19070_app1.docx&filename=964f946a2a333bf7def3f2da3e053e0d.docx
https://jmir.org/api/download?alt_name=mhealth_v8i10e19070_app2.docx&filename=75758501f3e46281a38daa3e14f2f490.docx
https://jmir.org/api/download?alt_name=mhealth_v8i10e19070_app2.docx&filename=75758501f3e46281a38daa3e14f2f490.docx
https://jmir.org/api/download?alt_name=mhealth_v8i10e19070_app3.docx&filename=c22ef2d67e260a530a90f18b59b0d559.docx
https://jmir.org/api/download?alt_name=mhealth_v8i10e19070_app3.docx&filename=c22ef2d67e260a530a90f18b59b0d559.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Corazzaet d

Multimedia Appendix 4

Characteristics of participants. demographics, training and clinical experience on resuscitation.
[DOCX File, 22 KB-Multimedia Appendix 4]

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

Tibballs J, Kinney S. A prospective study of outcome of in-patient paediatric cardiopulmonary arrest. Resuscitation 2006
Dec;71(3):310-318. [doi: 10.1016/j.resuscitation.2006.05.009] [Medline: 17069956]

Reis AG, Nadkarni V, Perondi MB, Grisi S, Berg RA. A prospective investigation into the epidemiology of in-hospital
pediatric cardiopulmonary resuscitation using theinternational Utstein reporting style. Pediatrics 2002 Feb;109(2):200-2009.
[doi: 10.1542/peds.109.2.200] [Medline: 11826196]

Suominen P, Olkkola KT, Voipio V, KorpelaR, Palo R, Rasinen J. Utstein style reporting of in-hospital paediatric
cardiopul monary resuscitation. Resuscitation 2000 Jun;45(1):17-25 [FREE Full text] [doi: 10.1016/s0300-9572(00)00167-2]
[Medline: 10838235]

Nehme Z, Namachivayam S, Forrest A, Butt W, Bernard S, Smith K. Trends in the incidence and outcome of paediatric
out-of-hospital cardiac arrest: A 17-year observational study. Resuscitation 2018 Jul;128:43-50. [doi:
10.1016/j.resuscitation.2018.04.030] [Medline: 29704520]

Knudson JD, Neish SR, Cabrera AG, Lowry AW, Shamszad P, Morales DL S, et a. Prevalence and outcomes of pediatric
in-hospital cardiopulmonary resuscitation in the United States: an analysis of the Kids' Inpatient Database* . Crit Care Med
2012 Nov;40(11):2940-2944. [doi: 10.1097/CCM.0b013e31825feb3f] [Medline: 22932398]

de Caen AR, Berg MD, Chameides L, Gooden CK, Hickey RW, Scott HF, et al. Part 12: Pediatric Advanced Life Support:
2015 American Heart Association Guidelines Update for Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care. Circulation 2015 Nov 3;132(18 Suppl 2):S526-S542. [doi: 10.1161/CIR.0000000000000266] [Medline: 26473000]
Atkins DL, Berger S, Duff JB, Gonzales JC, Hunt EA, Joyner BL, et a. Part 11: Pediatric Basic Life Support and
Cardiopulmonary Resuscitation Quality: 2015 American Heart Association Guidelines Update for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. Circulation 2015 Nov 03;132(18 Suppl 2):S519-S525. [doi:
10.1161/CIR.0000000000000265] [Medline: 26472999]

Duff JP, Topjian AA, Berg MD, Chan M, Haskell SE, Joyner BL, et a. 2019 American Heart Association Focused Update
on Pediatric Advanced Life Support: An Update to the American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. Pediatrics 2020 Jan;145(1). [doi: 10.1542/peds.2019-1361] [Medline:
31727859

Maconochie IK, Bingham R, Eich C, L6pez-Herce J, Rodriguez-Nufez A, Rajka T, Paediatric life support section
Collaborators. European Resuscitation Council Guidelines for Resuscitation 2015: Section 6. Paediatric life support.
Resuscitation 2015 Oct;95:223-248. [doi: 10.1016/j.resuscitation.2015.07.028] [Medline: 26477414]

Maconochie IK, de Caen AR, Aickin R, Atkins DL, Biarent D, Guerguerian A, Pediatric Basic Life SupportPediatric
Advanced Life Support Chapter Collaborators. Part 6: Pediatric basic life support and pediatric advanced life support: 2015
International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment
Recommendations. Resuscitation 2015 Oct;95:e147-e168. [doi: 10.1016/j.resuscitation.2015.07.044] [Medline: 26477423]
AbellaBS, Sandbo N, Vassilatos P, Alvarado JP, O'Hearn N, Wigder HN, et al. Chest compression rates during
cardiopulmonary resuscitation are suboptimal: a prospective study during in-hospital cardiac arrest. Circulation 2005 Feb
01;111(4):428-434. [doi: 10.1161/01.CIR.0000153811.84257.59] [Medline: 15687130]

AbellaBS, Alvarado JP, Myklebust H, Edelson DP, Barry A, O'Hearn N, et a. Quality of cardiopulmonary resuscitation
during in-hospital cardiac arrest. JAMA 2005 Jan 19;293(3):305-310. [doi: 10.1001/jama.293.3.305] [Medline: 15657323]
Wik L, Kramer-Johansen J, Myklebust H, SarebgH, Svensson L, FellowsB, et a. Quality of cardiopulmonary resuscitation
during out-of-hospital cardiac arrest. JAMA 2005 Jan 19;293(3):299-304. [doi: 10.1001/jama.293.3.299] [Medline: 15657322)
Sutton RM, NilesD, French B, Maltese MR, Leffelman J, Eilevstjgnn J, et a . First quantitative analysis of cardiopulmonary
resuscitation quality during in-hospital cardiac arrests of young children. Resuscitation 2014 Jan;85(1):70-74 [ FREE Full
text] [doi: 10.1016/j.resuscitation.2013.08.014] [Medline: 23994802]

Sutton RM, Case E, Brown SP, Atkins DL, Nadkarni VM, Kaltman J, et a. A quantitative analysis of out-of-hospital
pediatric and adolescent resuscitation quality--A report from the ROC epistry-cardiac arrest. Resuscitation 2015
Aug;93:150-157 [FREE Full text] [doi: 10.1016/j.resuscitation.2015.04.010] [Medline: 25917262]

Niles DE, Duval-Arnould J, Skellett S, Knight L, Su F, Raymond TT, pediatric Resuscitation Quality (pediRES-Q)
Collaborative Investigators. Characterization of Pediatric In-Hospital Cardiopulmonary Resuscitation Quality Metrics
Across an International Resuscitation Collaborative. Pediatr Crit Care Med 2018 May;19(5):421-432. [doi:
10.1097/PCC.0000000000001520] [Medline: 29533355]

Cheng A, Hunt EA, Grant D, Lin Y, Grant V, Duff JR, International Network for Simulation-based Pediatric Innovation,
Research, Education CPR Investigators. Variability in quality of chest compressions provided during simulated cardiac
arrest across nine pediatric institutions. Resuscitation 2015 Dec;97:13-19. [doi: 10.1016/j.resuscitation.2015.08.024]
[Medline: 26417701]

https://mhealth jmir.org/2020/10/€19070 IMIR Mhealth Uhealth 2020 | vol. 8 | iss. 10 | €19070 | p. 10

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v8i10e19070_app4.docx&filename=b9e863500b8267c45ab0e3e45794cb24.docx
https://jmir.org/api/download?alt_name=mhealth_v8i10e19070_app4.docx&filename=b9e863500b8267c45ab0e3e45794cb24.docx
http://dx.doi.org/10.1016/j.resuscitation.2006.05.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17069956&dopt=Abstract
http://dx.doi.org/10.1542/peds.109.2.200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11826196&dopt=Abstract
https://doi.org/10.1016/s0300-9572(00)00167-2
http://dx.doi.org/10.1016/s0300-9572(00)00167-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10838235&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2018.04.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29704520&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0b013e31825feb3f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22932398&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0000000000000266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26473000&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0000000000000265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26472999&dopt=Abstract
http://dx.doi.org/10.1542/peds.2019-1361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31727859&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2015.07.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26477414&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2015.07.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26477423&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.0000153811.84257.59
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15687130&dopt=Abstract
http://dx.doi.org/10.1001/jama.293.3.305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15657323&dopt=Abstract
http://dx.doi.org/10.1001/jama.293.3.299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15657322&dopt=Abstract
http://europepmc.org/abstract/MED/23994802
http://europepmc.org/abstract/MED/23994802
http://dx.doi.org/10.1016/j.resuscitation.2013.08.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23994802&dopt=Abstract
http://europepmc.org/abstract/MED/25917262
http://dx.doi.org/10.1016/j.resuscitation.2015.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25917262&dopt=Abstract
http://dx.doi.org/10.1097/PCC.0000000000001520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29533355&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2015.08.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26417701&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Corazzaet d

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Hunt EA, VeraK, Diener-West M, Haggerty JA, Nelson KL, Shaffner DH, et al. Delays and errorsin cardiopulmonary
resuscitation and defibrillation by pediatric residents during simulated cardiopulmonary arrests. Resuscitation 2009
Jul;80(7):819-825. [doi: 10.1016/j.resuscitation.2009.03.020] [Medline: 19423210]

Labrosse M, Levy A, Donoghue A, Gravel J. Delays and errors among pediatric residents during simulated resuscitation
scenarios using Pediatric Advanced Life Support (PALS) agorithms. Am JEmerg Med 2015 Oct;33(10):1516-1518. [doi:
10.1016/.a1em.2015.07.049] [Medline: 26298054]

Wolfe HA, Morgan RW, Zhang B, Topjian AA, Fink EL, Berg RA, American Heart Association’s Get With the
Guidelines-Resuscitation Investigator. Deviations from AHA guidelines during pediatric cardiopulmonary resuscitation
are associated with decreased event survival. Resuscitation 2020 Apr;149:89-99. [doi: 10.1016/j.resuscitation.2020.01.035]
[Medline: 32057946]

McEvoy MD, Field LC, Moore HE, Smalley JC, Nietert PJ, Scarbrough SH. The effect of adherence to ACL S protocols
on survival of event in the setting of in-hospital cardiac arrest. Resuscitation 2014 Jan;85(1):82-87 [FREE Full text] [doi:
10.1016/j.resuscitation.2013.09.019] [Medline: 24103233]

LinY, Cheng A, Grant VVJ, Currie GR, Hecker KG. Improving CPR quality with distributed practice and real -time feedback
in pediatric heathcare providers - A randomized controlled trial. Resuscitation 2018 Sep;130:6-12. [doi:
10.1016/j.resuscitation.2018.06.025] [Medline: 29944894]

Lakomek F, Lukas R, Brinkrolf B, Mennewisch A, Steinsiek N, Gutendorf P, et al. Real-time feedback improves chest
compression quality in out-of-hospital cardiac arrest: A prospective cohort study. PLoS One 2020;15(2):e0229431 [FREE
Full text] [doi: 10.1371/journal.pone.0229431] [Medline: 32092113]

Wagner M, Bibl K, HrdliczkaE, Steinbauer P, Stiller M, Gropel P, et al. Effects of Feedback on Chest Compression Quality:
A Randomized Simulation Study. Pediatrics 2019 Feb;143(2):2018-2441. [doi: 10.1542/peds.2018-2441] [Medline:
30700565]

Kirkbright S, Finn J, TohiraH, Bremner A, Jacobs|, Celenza A. Audiovisual feedback device use by health care professionals
during CPR: a systematic review and meta-analysis of randomised and non-randomised trials. Resuscitation 2014
Apr;85(4):460-471. [doi: 10.1016/j.resuscitation.2013.12.012] [Medline: 24361457]

LinY, Chiang W, Hsieh M, Sun J, Chang Y, MaMH. Quality of audio-assisted versus video-assisted dispatcher-instructed
bystander cardiopulmonary resuscitation: A systematic review and meta-analysis. Resuscitation 2018 Feb;123:77-85. [doi:
10.1016/j.resuscitation.2017.12.010] [Medline: 29242057)

Drummond D, Arnaud C, Guedj R, Duguet A, de Suremain N, Petit A. Google Glass for Residents Dealing With Pediatric
Cardiopulmonary Arrest: A Randomized, Controlled, Simulation-Based Study. Pediatr Crit Care Med 2017 Feb;18(2):120-127.
[doi: 10.1097/PCC.0000000000000977] [Medline: 28165347]

Siebert N, Ehrler F, Gervaix A, Haddad K, Lacroix L, Schrurs P, et al. Adherence to AHA Guidelines When Adapted for
Augmented Reality Glassesfor Assisted Pediatric Cardiopulmonary Resuscitation: A Randomized Controlled Trial. JMed
Internet Res 2017 May 29;19(5):€183 [FREE Full text] [doi: 10.2196/jmir.7379] [Medline: 28554878]

Metelmann B, Metelmann C, Schuffert L, Hahnenkamp K, Brinkrolf P. Medical Correctness and User Friendliness of
Available Appsfor Cardiopulmonary Resuscitation: Systematic Search Combined With Guideline Adherence and Usability
Evaluation. IMIR Mhealth Uhealth 2018 Nov 06;6(11):e190 [FREE Full text] [doi: 10.2196/mhealth.9651] [Medline:
30401673]

Siebert N, Lacroix L, Cantais A, Manzano S, Ehrler F. The Impact of a Tablet App on Adherence to American Heart
Association Guidelines During Simulated Pediatric Cardiopulmonary Resuscitation: Randomized Controlled Trial. JMed
Internet Res 2020 May 27;22(5):e17792 [FREE Full text] [doi: 10.2196/17792] [Medline: 32292179]

Stritoni V, Martinolli F, Daverio M, Diogo M, Binotti M, Genoni G, et a. Gaps in the management of nonshockable
paediatric cardiac arrest by paediatric residentsin simulated scenario. 2019 Presented at: Proceedings of the Third European
Pediatric Resuscitation and Emergency Medicine Conference (PREM); 2019 May 23-24; Ghent, Belgium p. 23-24.
Ehrler F, Del Zotto M, Rouyer F, Weinhold T, Lovis C, Siebert J. Design of InterFACE: A Tool to Improve Collaborative
Work and Decision Making During Rescucitation. Stud Health Technol Inform 2018;255:117-121. [Medline: 30306919]
Cheng A, Kesder D, Mackinnon R, Chang TP, Nadkarni VM, Hunt EA, International Network for Simulation-based
Pediatric Innovation, Research, and Education (INSPIRE) Reporting Guidelines Investigators. Reporting Guidelines for
Health Care Simulation Research: Extensions to the CONSORT and STROBE Statements. Simul Healthc 2016
Aug;11(4):238-248. [doi: 10.1097/SIH.0000000000000150] [Medline: 27465839]

Bhanji F, Donoghue AJ, Wolff MS, Flores GE, Halamek LP, Berman JM, et a. Part 14: Education: 2015 American Heart
Association Guidelines Update for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 2015
Nov 03;132(18 Suppl 2):S561-S573. [doi: 10.1161/CIR.0000000000000268] [Medline: 26473002]

Laugwitz B, Schrepp M, Held T. Construction and evaluation of a user experience questionnaire. In: Holzinger A, editor.
HCI and Usability for Education and Work. USAB 2008. L ecture Notesin Computer Science, vol 5298. Berlin, Heidel berg:
Springer; 2008:63-76.

Schrepp M, Hinderks A, Thomaschewski J. Applying the User Experience Questionnaire (UEQ) in different evaluation
scenarios. In: Marcus A, editor. Design, User Experience, and Usability. Theories, Methods, and Tools for Designing the
User Experience. Lecture Notesin Computer Science, vol 8517. Springer: Design, User Experience, and Usahility. Theories,

https.//mhealth,jmir.org/2020/10/€19070 JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 10 | €19070 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.resuscitation.2009.03.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19423210&dopt=Abstract
http://dx.doi.org/10.1016/j.ajem.2015.07.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26298054&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2020.01.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32057946&dopt=Abstract
http://europepmc.org/abstract/MED/24103233
http://dx.doi.org/10.1016/j.resuscitation.2013.09.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24103233&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2018.06.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29944894&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0229431
http://dx.plos.org/10.1371/journal.pone.0229431
http://dx.doi.org/10.1371/journal.pone.0229431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32092113&dopt=Abstract
http://dx.doi.org/10.1542/peds.2018-2441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30700565&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2013.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24361457&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2017.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29242057&dopt=Abstract
http://dx.doi.org/10.1097/PCC.0000000000000977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28165347&dopt=Abstract
http://www.jmir.org/2017/5/e183/
http://dx.doi.org/10.2196/jmir.7379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554878&dopt=Abstract
https://mhealth.jmir.org/2018/11/e190/
http://dx.doi.org/10.2196/mhealth.9651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30401673&dopt=Abstract
https://www.jmir.org/2020/5/e17792/
http://dx.doi.org/10.2196/17792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32292179&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30306919&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0000000000000150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27465839&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0000000000000268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26473002&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Corazzaet d

37.

38.
39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

Methods, and Tools for Designing the User Experience. Lecture Notes in Computer Science. Springer International
Publishing; 2014:383-392.

Schrepp M, Hinderks A, Thomaschewski J. Construction of a Benchmark for the User Experience Questionnaire (UEQ).
[JMAI 2017;4(4):40-44. [doi: 10.9781/ijimai.2017.445]

User Experience Questionnaire. Hockenheim, Germany: Team UEQ URL : https.//www.ueg-online.org/ [accessed 2020-09-08]
Hart SG. Nasa-Task Load Index (NASA-TLX); 20 Years Later. In: Proceedings of the Human Factors and Ergonomics
Society Annual Meeting. 2006 Oct 16 Presented at: 50th Annual Meeting of the Human Factors and Ergonomics Society;
October 16-20, 2006; San Francisco, CA p. 904-908 URL : http://pro.sagepub.com/content/50/9/904.full.pdf+html [doi:
10.1177/154193120605000909]

Cao A, Chintamani KK, Pandya AK, EllisRD. NASA TLX: software for assessing subjective mental workload. Behav
Res Methods 2009 Feb;41(1):113-117. [doi: 10.3758/BRM.41.1.113] [Medline: 19182130]

Levy A, Donoghue A, Bailey B, Thompson N, Jamoulle O, Gagnon R, et a. External validation of scoring instruments for
evaluating pediatric resuscitation. Simul Healthc 2014 Dec;9(6):360-369. [doi: 10.1097/SIH.0000000000000052] [Medline:
25503530]

Donoghue A, Ventre K, Boulet J, Brett-Fleegler M, Nishisaki A, Overly F, EXPRESS Pediatric Simulation Research
Investigators. Design, implementation, and psychometric analysis of ascoring instrument for simulated pediatric resuscitation:
areport from the EXPRESS pediatric investigators. Simul Healthc 2011 Apr;6(2):71-77. [doi:
10.1097/SIH.0b013e31820c44da] [Medline: 21358564]

Brett-Fleegler MB, Vinci RJ, Weiner DL, Harris SK, Shih M, Kleinman ME. A simulator-based tool that assesses pediatric
resident resuscitation competency. Pediatrics 2008 Mar;121(3):e597-e603. [doi: 10.1542/peds.2005-1259] [Medline:
18283069]

Reid J, Stone K, Brown J, Caglar D, Kobayashi A, Lewis-Newby M, et al. The Simulation Team Assessment Tool (STAT):
development, reliability and validation. Resuscitation 2012 Jul;83(7):879-886. [doi: 10.1016/j.resuscitation.2011.12.012]
[Medline: 22198422]

Arriaga AF, Bader AM, Wong JM, Lipsitz SR, Berry WR, Ziewacz JE, et al. Simulation-based trial of surgical-crisis
checklists. N Engl JMed 2013 Jan 17;368(3):246-253. [doi: 10.1056/NEJMsal1204720] [Medline: 23323901]

McEvoy MD, Smalley JC, Nietert PJ, Field LC, Furse CM, Blenko JW, et a. Validation of a detailed scoring checklist for
use during advanced cardiac life support certification. Simul Healthc 2012 Aug;7(4):222-235 [FREE Full text] [doi:
10.1097/SIH.0b013e3182590007] [Medline: 22863996]

BrownLL, LinY, Tofil NM, Overly F, Duff JP, Bhanji F, International Network for Simulation-based Pediatric Innovation,
Research, Education CPR Investigators (INSPIRE). Impact of a CPR feedback device on healthcare provider workload
during simulated cardiac arrest. Resuscitation 2018 Sep;130:111-117. [doi: 10.1016/].resuscitation.2018.06.035] [Medline:
30049656]

Andersen LW, Berg KM, Saindon BZ, Massaro JM, Raymond TT, Berg RA, et a. Time to Epinephrine and Survival After
Pediatric In-Hospital Cardiac Arrest. JAMA 2015 Aug 25;314(8):802-810. [doi: 10.1001/jama.2015.9678] [Medline:
26305650]

Zanner R, Wilhelm D, Feussner H, Schneider G. Evaluation of M-AID, afirst aid application for mobile phones. Resuscitation
2007 Sep; 74(3):487-494. [doi: 10.1016/].resuscitation.2007.02.004] [Medline: 17452068]

Ertl L, Christ F. Significant improvement of the quality of bystander first aid using an expert system with amobile multimedia
device. Resuscitation 2007 Aug; 74(2):286-295. [doi: 10.1016/j.resuscitation.2007.01.006] [Medline: 17376581]

Hunt EA, Heine M, Shilkofski NS, Bradshaw JH, Nelson-McMillan K, Duval-Arnould J, et a. Exploration of the impact
of avoice activated decision support system (VADSS) with video on resuscitation performance by lay rescuers during
simulated cardiopulmonary arrest. Emerg Med J 2015 Mar;32(3):189-194. [doi: 10.1136/emermed-2013-202867] [Medline:
24243484]

Low D, Clark N, Soar J, Padkin A, Stoneham A, Perkins GD, et al. A randomised control trial to determineif use of the
iResus© application on asmart phoneimproves the performance of an advanced life support provider in asimulated medical
emergency. Anaesthesia 2011 Apr;66(4):255-262 [FREE Full text] [doi: 10.1111/j.1365-2044.2011.06649.x] [Medline:
21401537]

Lelaidier R, Balanca B, Boet S, Faure A, Lilot M, Lecomte F, et al. Use of ahand-held digital cognitive aid in simulated
crises: the MAX randomized controlled trial. Br J Anaesth 2017 Nov 01;119(5):1015-1021 [FREE Full text] [doi:
10.1093/bja/aex256] [Medline: 29028930]

Donzé P, BalancaB, Lilot M, Faure A, Lecomte F, Boet S, et al. 'Read-and-do' responseto adigital cognitiveaid in simulated
cardiac arrest: the Medical Assistance eXpert 2 randomised controlled trial. Br J Anaesth 2019 Aug;123(2):e160-e163
[FREE Full text] [doi: 10.1016/j.bja.2019.04.049] [Medline: 31153630]

Field LC, McEvoy MD, Smalley JC, Clark CA, McEvoy MB, Rieke H, et a. Use of an electronic decision support tool
improves management of simulated in-hospital cardiac arrest. Resuscitation 2014 Jan;85(1):138-142 [ FREE Full text] [doi:
10.1016/j.resuscitation.2013.09.013] [Medline: 24056391]

Hawkes GA, Murphy G, Dempsey EM, Ryan AC. Randomised controlled trial of amobile phoneinfant resuscitation guide.
JPaediatr Child Health 2015 Nov;51(11):1084-1088. [doi: 10.1111/jpc.12968] [Medline: 26289403]

https.//mhealth,jmir.org/2020/10/€19070 JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 10 | €19070 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.9781/ijimai.2017.445
https://www.ueq-online.org/
http://pro.sagepub.com/content/50/9/904.full.pdf+html
http://dx.doi.org/10.1177/154193120605000909
http://dx.doi.org/10.3758/BRM.41.1.113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19182130&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0000000000000052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25503530&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0b013e31820c44da
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21358564&dopt=Abstract
http://dx.doi.org/10.1542/peds.2005-1259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18283069&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2011.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22198422&dopt=Abstract
http://dx.doi.org/10.1056/NEJMsa1204720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23323901&dopt=Abstract
http://europepmc.org/abstract/MED/22863996
http://dx.doi.org/10.1097/SIH.0b013e3182590b07
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22863996&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2018.06.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30049656&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.9678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26305650&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2007.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17452068&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2007.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17376581&dopt=Abstract
http://dx.doi.org/10.1136/emermed-2013-202867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24243484&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2044.2011.06649.x
http://dx.doi.org/10.1111/j.1365-2044.2011.06649.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21401537&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0007-0912(17)53917-3
http://dx.doi.org/10.1093/bja/aex256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29028930&dopt=Abstract
http://europepmc.org/abstract/MED/31153630
http://dx.doi.org/10.1016/j.bja.2019.04.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31153630&dopt=Abstract
http://europepmc.org/abstract/MED/24056391
http://dx.doi.org/10.1016/j.resuscitation.2013.09.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24056391&dopt=Abstract
http://dx.doi.org/10.1111/jpc.12968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26289403&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Corazzaet d

57. Siebert JN, Ehrler F, Combescure C, Lovis C, Haddad K, Hugon F, PedAMINES Trial Group. A mobile device application
to reduce medication errors and time to drug delivery during ssmulated paediatric cardiopulmonary resuscitation: amulticentre,
randomised, controlled, crossover trial. Lancet Child Adolesc Health 2019 May;3(5):303-311. [doi:
10.1016/S2352-4642(19)30003-3] [Medline: 30797722]

Abbreviations

AHA: American Heart Association

CA: cardiac arrest

CPT: Clinical Performance Tool

CPR: cardiopulmonary resuscitation
IHCA: in-hospital cardiac arrest

NASA: National Aeronautics and Space Administration
OHCA: out-of-hospital cardiac arrest
PALS: Pediatric Advanced Life Support
PCA: pediatric cardiac arrest

RCT: randomized controlled trial

ROSC: Return of Spontaneous Circulation
RTLX: Raw Task Load Index

UEQ: Usahility Experience Questionnaire

Edited by G Eysenbach; submitted 02.04.20; peer-reviewed by J Sebert, S Erdley; comments to author 12.06.20; revised version
received 26.06.20; accepted 26.07.20; published 01.10.20

Please cite as.

Corazza F, Snijders D, Arpone M, Sritoni V, Martinolli F, Daverio M, Losi MG, Soldi L, Tesauri F, Da Dalt L, Bressan S
Development and Usability of a Novel Interactive Tablet App (PediAppRREST) to Support the Management of Pediatric Cardiac
Arrest: Pilot High-Fidelity Smulation-Based Sudy

JMIR Mhealth Uhealth 2020; 8(10):€19070

URL: https://mhealth.jmir.org/2020/10/e19070

doi: 10.2196/19070

PMID: 32788142

©Francesco Corazza, Deborah Snijders, Marta Arpone, Valentina Stritoni, Francesco Martinolli, Marco Daverio, Maria Giulia
Losi, Luca Soldi, Francesco Tesauri, Liviana Da Dalt, Silvia Bressan. Originally published in IMIR mHealth and uHealth
(http://mhealth.jmir.org), 01.10.2020. Thisisan open-access article distributed under theterms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR mHealth and uHealth, is properly cited. The complete bibliographic
information, alink to the original publication on http://mhealth.jmir.org/, as well asthis copyright and license information must
be included.

https://mhealth.jmir.org/2020/10/€19070 JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 10 | €19070 | p. 13
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1016/S2352-4642(19)30003-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30797722&dopt=Abstract
https://mhealth.jmir.org/2020/10/e19070
http://dx.doi.org/10.2196/19070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32788142&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

