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Abstract

There has been growing interest in utilizing mobile phone applications (apps) to enhance traditional
psychotherapy. Previous research has suggested that apps may facilitate patients’ completion of cognitive
behavioral therapy for insomnia (CBT-I) tasks and potentially increase adherence. This randomized clinical
trial pilot study (n=18) sought to examine the feasibility, acceptability, and potential impact on adherence
and sleep outcomes related to CBT-lI Coach use. All participants were engaged in CBT-I, with one group
receiving the app as a supplement and one non-app group. We found that patients consistently used the app
as intended, particularly the sleep diary and reminder functions. They reported that it was highly acceptable
to use. Importantly, the app did not compromise or undermine benefits of cognitive behavioral therapy for
insomnia and patients in both groups had significantly improved sleep outcomes following treatment.
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Chronic insomnia affects more than 1 in 10 people.! Rates are even higher among veterans using
Veterans Health Administration (VHA) services.? Cognitive behavioral therapy for insomnia
(CBT-]) is an effective treatment for insomnia®~7 with superior long-term efficacy® and fewer
risks compared to hypnotic medications.’ As such it is widely recommended as a first-line treat-
ment for insomnia.'

The VHA has an ongoing national dissemination initiative to train its licensed mental health
care providers (i.e. non-sleep specialists) to deliver CBT-1.1° Patient outcomes from this training
program are comparable to those of published research trials.!'> However, patient non-adherence
to treatment recommendations (e.g. going to bed only when sleepy and limiting naps) may be
undermining the benefit for some patients.

Mobile applications (apps) utilized with smartphones have the potential to improve traditional psy-
chotherapy by enhancing access to psychoeducation and psychotherapy skills (e.g. relaxation tech-
niques), facilitating monitoring of symptoms and outcomes, and assisting with relapse prevention.!3.14
Emerging literature is beginning to accumulate showing the promise of apps for depression, stress,
psychosis, eating disorders, and substance use'>!° and integrating mental health apps into treatment
within a VA setting shows initial promise.?’ Although there is increasing availability of consumer sleep
technologies for sleep improvement, many of the existing apps focus on monitoring sleep and provid-
ing sleep education, rather than assisting with active therapy.?-23

The VHA National Center for Post-Traumatic Stress Disorder (PTSD), in partnership with
Stanford University School of Medicine and the Department of Defense’s National Center for
Telehealth and Technology, built CBT-I Coach, a patient app designed to be used as an adjunct to
face-to-face CBT-I. It was released for both i0S?* and Android?* mobile devices in 2013. It was
specifically designed to help facilitate patients’ completion of CBT-I tasks, potentially increasing
patient adherence to the protocol.6 The design and content of the app has been described in detail
in previous publications.?627 Briefly, the app provides education about sleep processes, developing
positive sleep routines, and improving sleep environments. Key features of the app include a sleep
diary to record daily sleep variables (see Figure 1), ability to update a sleep prescription (recom-
mended bedtime and wake time) in consultation with CBT-I providers, tools and guided exercises
for quieting the mind (see Figure 1), education about sleep and sleep-health behaviors, reminder
functions and alarms to help change sleep habits (e.g. reminders for when to stop caffeine intake,
start wind-down time, and alarms for prescribed bedtime and wake time). See Figure 1 for a screen-
shot of the home page of the app.
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Figure 1. Example screenshots from CBT-l Coach.

In a recent survey, VA CBT-I clinicians indicated that they believe this app may improve care and
increase adherence,?® and an initial feasibility study investigating the use of the app among patients
engaged in a cannabis cessation attempt indicated daily engagement with the app.2’ However, it is
uncertain if integrating CBT-I Coach into the existing VA CBT-I protocol is feasible in terms of
whether patients will consistently use it as intended and if they will find it acceptable to use while
engaged in this therapy. It is also unknown if CBT-I1 Coach will actually improve patient adherence
to the therapy and, importantly, whether using the app will compromise or undermine benefits of
CBT-1, a well-established evidence-based treatment, on sleep-related outcomes. Therefore, the cur-
rent study sought to examine the feasibility and acceptability of CBT-I Coach, as well as explore the
potential impact of this device on adherence and sleep outcomes. The first-author, in conjunction
with the developers of the app (second, sixth, and seventh authors) utilized the existing app in a
sample of patients receiving CBT-I in a clinical setting. We hypothesized that participants rand-
omized to CBT-I with the app and without the app would report significant improvements in sleep,
but that the app group would have higher adherence than the non-app group.

Methods

Participants

This study was approved by the Veterans Affairs Institutional Review Board. Forty-one consecu-
tive referrals for CBT-I at a Midwestern VA Medical Center were pre-screened following CBT-1
intake assessments by project clinicians, with further screening via phone by the project coordina-
tor. Inclusion criteria included commitment to begin CBT-I, ownership of a smartphone, and will-
ingness to use CBT-I Coach. Exclusion criteria included moderate or greater suicidal or homicidal
ideation, significant alcohol or drug use, and active psychotic symptoms. Patients not meeting
these criteria where referred elsewhere or underwent CBT-I outside of the study.

Figure 2 presents the flow of participants through the study from March 2014 to November
2014. Twenty-three potential participants were excluded, most commonly for not owning a smart-
phone (7=9) and not imminently planning to begin CBT-1 (n=8). Two participants declined to
participate due to lack of interest. After obtaining informed consent, 18 participants were rand-
omized equally to either CBT-I plus CBT-I Coach (app group) or CBT-I without the app (non-app
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Screened for eligibility
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Figure 2. Flow of participants through the study.

group) by the project coordinator, utilizing a computerized random number generator. Table 1
presents baseline characteristics. The average age was 48.50 years (standard deviation (SD)=14.93),
and participants were primarily White males with Android smartphones. There were no significant
differences between the two conditions on baseline insomnia symptom levels or demographics,
with the exception of marital status (p <.05), where those in the app group were more likely to be
married compared to the non-app group (55.56% vs 11.11%). On average, participants reported
clinical levels of insomnia. Three participants dropped out of the non-app group (two lost interest
in treatment and dropped out after three sessions, one moved and dropped out after two sessions);
none dropped out of the app group. There were no significant differences between retained partici-
pants and those who dropped out on baseline insomnia symptom levels or demographics.

Procedure

Participants completed semi-structured interviews at baseline and following treatment, as well as
self-report measures prior to each CBT-I treatment session. Participants received a US$25 gift card
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Table I. Baseline characteristics.

Coach Non-coach
(N=9) (N=9)
Demographics
Age, mean (SD) 50.11 (15.74) 46.89 (14.85)
Men (%) 6 (66.67) 5 (55.56)
White race (%) 8 (88.89) 9 (100.00)
Married (%) 5 (55.56) F(ny*
Education> High School (%) 8 (88.89) 7 (77.78)
Sleep
Insomnia Severity Index (SD)? 19.22 (3.70) 20.38 (5.55)
Phone
Phone type (%)
iPhone 2 (22.22) 3(33.33)
Android 7 (77.78) 6 (66.67)

SD: standard deviation.
2Based on n=8 in non-coach due to missing data.
*Significant %2 difference at p<.05. Insomnia Severity Index> |5 indicates clinical levels of insomnia.

for completing the baseline assessment and a US$50 gift card for the final assessment. Pre-
treatment interviews were identical for both app and non-app groups and were used to obtain
demographic information and baseline experience with apps, including questions about phone
usage and comfort, and app usage. Following the initial interview, participants assigned to the app
group were shown how to download and use the app. The app participants used the app in conjunc-
tion with the standard CBT-I procedures, including using it to complete sleep diaries. Non-app
group participants completed CBT-I according to standard procedures without CBT-1 Coach.

In order to explore the impact of the app on adherence to treatment recommendations and sleep
outcomes, participants in both groups reported the number of days they completed homework,
amount of time spent on homework each week, and completed an insomnia questionnaire before
each therapy session. Therapists completed a measure of patient adherence to treatment recom-
mendations at the end of each session for all participants. At post-treatment, app group participants
completed semi-structured interviews focused on their use and engagement with the app, including
their impressions of CBT-I Coach, which elements they used, barriers to app usage, perceived
value of the app, and potential enhancements of the app. The non-app group participated in a semi-
structured interview during which they were shown the app and asked for their thoughts on inte-
grating the app into CBT-I and suggestions for enhancements.

Treatment and therapists

Participants in both conditions completed CBT-I with one of two VA clinical psychologists who
completed the VHA CBT-I training initiative.!%!! Treatment consisted of weekly 1-h individual
therapy sessions based on the CBT-I manual developed by VA.1° The protocol consists of five treat-
ment sessions, with patients attending fewer or more sessions if clinically indicated. The average
number of treatment sessions completed in this study were four (66.67% of patients), with almost
a third of patients completing five sessions (27.78% of patients). The basic components of this
protocol include: (1) sleep restriction, which involves limiting time in bed to consolidate sleep; (2)
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stimulus control, which involves restricting the bed/bedroom to sleep; and (3) cognitive restructur-
ing, which addresses maladaptive thoughts and beliefs about sleep.

Measures

Insomnia Severity Index. The Insomnia Severity Index (ISI)?® is a 7-item self-report measure
designed to provide a global measure of difficulties sleeping at night and daytime impairment and
was completed by participants during each session. Respondents rate statements using 4-point
scales from 0 to 4 (response options differ by item) and items are summed to provide a total score.
Scores of 0—7 indicate no clinical insomnia, 8—14 indicate subthreshold insomnia, 15-21 indicate
moderate insomnia, and 22-28 indicate severe insomnia. This instrument has adequate psychomet-
ric properties, including internal reliability (coefficient alphas ranging from .76 to .78) and concur-
rent validity with sleep diaries and polysomnography.?

Adherence scale. Adherence to CBT-I1 recommendations was measured using the Patient Adherence
Form that was created for the VA CBT-I Training Program.!9 Starting at the end of session two,
therapists rated the extent to which participants followed six specific recommendations (e.g. adher-
ing to recommended bedtime and wake time, limiting naps, and scheduling worry time) on a scale
from 1 (no adherence) to 6 (complete adherence) or not applicable (NA) if the recommendations
had not yet been introduced during the therapy. Scores were averaged to create a total adherence
score that has shown good psychometric properties.'?

Statistical analyses

Descriptive statistics were calculated for variables related to feasibility and acceptability from the
semi-structured interviews. Independent samples #-tests were calculated to examine variables poten-
tially related to treatment impact, including patient adherence and homework completion. Treatment
outcomes analyses were conducted using intent-to-treat for ISI scores. These analyses included all
available data from 17 participants; one participant was excluded due to errors in coding outcome data.
Hierarchical Linear Modeling (HLM) was conducted using SAS (PROC mixed) to determine mean
values at each time point and test the effect of treatment and condition on ISI scores during five treat-
ment sessions. Fixed effects were specified for time and condition, whereas random effects accounted
for the nested nature of the data with repeated measures over time within individuals. Effect sizes were
calculated using Cohen’s d, which represents the standardized differences between means.

Results

Feasibility and acceptability of integrating CBT-I Coach into therapy

Table 2 presents descriptive statistics of smartphone and mobile app variables for all study partici-
pants. The majority of participants indicated having their phone with them all of the time (n=14,
77.8%) and owning a smartphone for at least Syears (n=13, 72.2%). Most participants indicated
using their smartphone for calls (n=16, 88.9%) and apps (n=15, 83.33%) at least daily and most
indicated being very comfortable using their smartphone generally (n=16, 88. 9%) and apps spe-
cifically (n=14, 77.8%). Very few participants had used apps for mental health or sleep (n=2,
11.1%) and none had used CBT-I Coach previously. Demographic variables, including age, gender,
marital status, ethnicity, and education, were not significantly related to degree of comfort with
apps or frequency of app use.
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Table 2. Pre-treatment interview: feasibility and acceptability of mobile applications (n=18).

N (%)
How often do you have your phone with you?
Most of the time 4 (22.22)
All of the time 14 (77.78)
Length of smartphone ownership
< 4years 5(27.78)
5+years 13 (72.22)
Frequency of smartphone use
Calls
At least daily 16 (88.89)
At least weekly 2(11.11)
Applications
At least daily 15 (83.33)
At least monthly 3 (16.67)
Current comfort
Smartphone
Very comfortable 16 (88.89)
Mostly comfortable 2(11.11)
Applications
Very comfortable 14 (77.78)
Mostly comfortable I (5.56)
Neutral 3 (16.67)
Use of smartphone applications
Health
Yes 9 (50.00)
No 9 (50.00)
Mental health
Yes 2(11.11)
No 16 (88.89)
Sleep
Yes 2(11.11)
No 16 (88.89)

Table 3 summarizes findings from the post-treatment semi-structured interview with the app group
participants. The most commonly used element of the app was the sleep diary, followed by the educa-
tional materials, relaxation exercises, and reminders. All participants reported that the sleep diary was
a helpful component (n=9, 100%; e.g. “the sleep efficiency numbers made me feel better about my
sleep and decreased my anxiety about sleep. I liked being able to push enter and get the results”), fol-
lowed by reminders (n=2, 22.2%; e.g. “Reminders kept me on track”). All participants indicated that
they would recommend the app to family or friends. In general, feedback from participants in the app
group was positive and focused on the personalized feedback provided by the app, particularly as it
related to the sleep diary information (e.g. “I like the app because it gives you info on what you are
doing compared to what you think you are doing”). The non-app participants also provided feedback
about CBT-I Coach. One participant indicated that it would increase compliance: ““I think it would be
very helpful because no one loses their phone, but I lost my sleep log.” Another stated, “I think it’s a
good idea, it’s a lot easier to do homework because you always have your phone with you.”
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Table 3. Post-treatment interview: feasibility and acceptability of CBT-l Coach with participants in the
app condition.

N=9 (%)
Which elements do you use?
Sleep diary 9 (100.0)
Learn: habits and sleep 6 (66.67)
Learn: sleep 101 5 (55.56)
Tools: quiet your mind 5 (55.56)
Reminders 5 (55.56)
| need more sleep 4 (44.44)
Tools: prevent insomnia in the future 4 (44.44)
Learn: CBT-I glossary 2 (22.22)
What part(s) of the app were most helpful?
Sleep diary 9 (100.00)
Reminders 2 (22.22)
Relaxation I (11.1T)
Information I (11.1T)

CBT-I: cognitive behavioral therapy for insomnia.

Impact of CBT-I Coach on CBT-I adherence and outcomes

There were no statistically significant differences between the app and non-app group on average
time spent on homework (d=.66 in favor of non-app group), number of days completing home-
work (d=.11 in favor of non-app group), and days completing sleep diaries (d=.36 in favor of app
group). The effect size for the group difference on adherence scores was large (d=.76), favoring
the app group, but it was not statistically significant (#(16)=1.53, p=.15).

HLM intent to treat analysis estimates for time was significant for ISI scores, F(4, 42)=8.84,
p<.001, d=1.84 (see Figure 3). The main effect for treatment condition (¢d=.21) and the interac-
tion of treatment time by condition (d=.73) were statistically non-significant. Among participants
who completed treatment, four (26.7%) had no insomnia, eight (53.3%) reported subthreshold
insomnia, one (6.7%) reported moderate insomnia, and two (13.3%) reported severe insomnia
according to ISI scores.

Discussion

This is the first study to report the feasibility and acceptability of integrating an app with CBT-1.
Previous research suggests that providers see the app as potentially improving care and increasing
adherence?® and this study suggests that integrating CBT-I Coach with individual CBT-I is highly
feasible and acceptable to patients. Overall, the app was favorably received by all participants in
the app group and participants in the non-app group responded favorably when they were intro-
duced to the app at the end of therapy. The qualitative data suggest that patients were using the app
as it was intended (particularly the sleep log and reminder functions) and the app improved acces-
sibility to therapy materials.

This study is also the first to report on the impact of CBT-I Coach on process variables, includ-
ing homework completion, adherence, and accessibility to therapy components. As hypothesized,
CBT-I remains an effective treatment after integrating the app. Use of the app did not appear to
erode or dilute the basic elements of the therapy. There was also some indication that app use
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Figure 3. Hierarchical linear model predicted Insomnia Severity Index (ISI) scores at each therapy session
(n=17). Error bars represent standard error above and below predicted values.

related to better adherence to therapeutic recommendations. Although this finding was non-signif-
icant, the large effect size produced suggests that members of the app group are perceived as being
more adherent by therapists. The study was clearly underpowered, but this potential effect repre-
sents a promising area for future research.

Although this study represents an important first step in investigating the role of mobile inter-
ventions in the treatment of insomnia, there are several limitations that should be noted. The trial
was non-blinded, which may have biased adherence ratings by therapists (e.g. higher adherence
scores for patients in app group). The research context may have increased homework compliance
and sleep diary completion by patients in both groups (e.g. higher homework completion across all
patients due to weekly monitoring, resulting in non-significant group differences). In addition, the
app did not provide time-date stamped data, and so we could not confirm if participants completed
the sleep diary within an hour or two of awakening as is recommended. Moreover, we were not
able to collect objective information on the amount of time spent using the app, as this capacity is
not built into the app.

Integrating mobile health (mHealth) into behavioral sleep treatments represents a promising
area for future research, particularly within the context of stepped care models. Demand for sleep
treatment often exceeds the availability of trained providers, which validates and necessitates the
use of stepped care models. These models are often conceptualized in the shape of a pyramid, with
the base representing low intensity, low resource treatment modalities (e.g. self-help) as an entry
point, with treatments growing progressively more resource heavy and intensive as one moves to
higher levels.?>3% Apps based on CBT-I principles may represent an entry level step for some
patients and pilot trials are needed with stand-alone CBT-I apps to determine treatment efficacy. In
addition to potentially serving as a stand-alone treatment method, behavioral sleep treatment apps
provide an efficient way to collect information (e.g. baseline sleep diary data) and deliver basic
sleep education to patients while they are waiting for care. Finally, the app could potentially be
utilized as a screening tool to help providers determine what level of care is necessary for an indi-
vidual patient, in accordance with baseline symptom levels and initial improvement in sleep
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following independent app utilization; additional studies with apps are needed to determine how
they can contribute to personalized treatment by matching patients with appropriate levels of care.
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Abstract

This study aims to determine whether the British Heart Foundation PocketCPR training application can
improve the depth and rate of chest compression and therefore be confidently recommended for bystander
use. A total of 118 candidates were recruited into a randomised crossover manikin trial. Each candidate
performed cardiopulmonary resuscitation for 2min without instruction or performed chest compressions
using the PocketCPR application. Candidates then performed a further 2 min of cardiopulmonary resuscitation
within the opposite arm. The number of chest compressions performed improved when PocketCPR was
used compared to chest compressions when it was not (44.28% vs 40.57%, p<0.001). The number of chest
compressions performed to the required depth was higher in the PocketCPR group (90.86 vs 66.26). The
British Heart Foundation PocketCPR application improved the percentage of chest compressions that were
performed to the required depth. Despite this, more work is required in order to develop a feedback device
that can improve bystander cardiopulmonary resuscitation without creating delay.
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Introduction

The provision of effective bystander cardiopulmonary resuscitation (CPR) in out-of-hospital car-
diac arrest (OOHCA) remains unacceptably low,'=> despite evidence that suggests that effective
bystander CPR is associated with more favourable clinical outcomes and improved survival
rates.® It is recognised that CPR is frequently inadequate when performed by laypersons, 7 with
many responders reluctant to perform mouth-to-mouth resuscitation during CPR.? To encourage
uptake of bystander CPR attempts within the United Kingdom, the British Heart Foundation®
launched a campaign to promote chest-compression-only CPR, with multiple studies supporting
this approach.’-12 As part of their campaign, the British Heart Foundation produced a smartphone
PocketCPR training application to provide real-time feedback on the depth of chest compressions
performed during CPR and provide metronomic feedback to ensure accurate external chest com-
pression rate. The importance of adequate chest compressions’ depth and accurate rate of com-
pressions were both reaffirmed within current resuscitation guidelines,!?> with suboptimal
compression rates associated with poor return of spontaneous circulation.'* Nevertheless, the
performance of both compression depth and compression rate by bystanders is shown to be
suboptimal.!>16

To improve the performance of chest compressions, feedback systems have been used success-
fully in training to improve the overall quality of layperson CPR346%17 and maintain skill acquisi-
tion and retention,!”!8 although there has been insufficient evidence to validate these applications
for use in practice. This study endeavours to determine whether the British Heart Foundation
PocketCPR feedback application would improve chest compression performance during bystander
resuscitation.

Materials and methods

Objectives

The aim of this randomised crossover manikin study was to investigate whether using the British
Heart Foundation PocketCPR training application would improve the performance of chest com-
pressions against current resuscitation guidelines when used by laypersons with no recent CPR
training.

We hypothesised that the British Heart Foundation PocketCPR training application would
increase the proportion of chest compressions performed at the recommended depth of 50-60 mm
and improve the rate of chest compressions per minute, compared to no application.

Participants and randomisation

Participants were recruited from a university campus on an opportunistic basis. All participants
were required to be aged 18 years or over, not be a healthcare professional and not having attended
a CPR training course in the last 6 months. This last point was pertinent, since it is acknowledged
in the literature that skills and knowledge relating to bystander CPR decay rapidly after initial
training.!'%-2!
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Figure |. Screen print of PocketCPR feedback screen.

Volunteers were provided with a participant information sheet and an opportunity to ask ques-
tions of the researchers before being asked to give written consent.

Methodology

In this randomised crossover study, each participant was asked to attempt a 2-min period of CPR on
a Laerdal Resuscitation manikin (Resusci Anne Skills Station, Laerdal Medical Limited, Orpington,
UK) with and without the PocketCPR application in accordance with a pre-randomised order.
Candidates were not required to have previous experience or ownership of a smartphone device to
take part and were provided with information as to how to hold the iPod and activate the PocketCPR
software. Randomising the participants reduced the risk that the participant may perform better in the
second arm of the study where they had previously used PocketCPR. The randomisation order was
generated using the statistical software package PASW (version 17.0.2; SPSS Inc, Chicago, IL, USA)
and ensured that 50 per cent of the participants performed first with the PocketCPR application and
50per cent without. The PocketCPR application was used on an iPod Touch 2009 device.

Participants were required to rest for 2 min between each CPR scenario to ensure that operator
fatigue did not adversely affect the second attempt. The instructions given to participants were
limited to information on how to hold the iPod and how to activate the British Heart Foundation
PocketCPR software.

The software gives visual feedback in the form of a bar on the display indicating current com-
pression depth with a green colour marking the ideal interval and verbal feedback prompts (includ-
ing ‘press harder’, ‘press faster’, ‘press slower’ and ‘good depth’) (Figure 1). Additionally, the
device has an integrated metronome which ticks at a rate of 100/min, signalling the correct com-
pression rate. There was no feedback on ventilations since this application is designed to support
chest-compression-only CPR. When performing CPR without the device, the participant received
no verbal or visual feedback and no metronome guidance.
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Data collection

Performance measurements derived from the manikin software were recorded onto a connected
laptop. These were compression rate, compression depth, hand position for performing chest com-
pressions, tidal volume of ventilation attempt and time off the chest once CPR had been started.
Additional observations (including time to start CPR) were recorded manually by the researchers.
Manual observations included any ventilation attempt and rate which did not register in the mani-
kin due to an occluded airway.

Statistical analysis

Sample size was calculated based on the primary outcome measure of the adequate depth of com-
pression. Previous research has reported that 42 per cent of trained prehospital providers delivered
chest compressions with a mean depth of 50—-60 mm during 1-min simulated cardiac arrest sce-
nario, compared with 39per cent listening to a musical prompt (correlation coefficient
(phi)=0.44051).2% In order to detect 15 per cent (from 42% to 57%) increase in the proportion of
laypersons delivering compressions at the recommended depth with a power of 0.85 and an alpha
of 0.05, it was estimated that 108 subjects were required (sample size for paired cohort study cal-
culated using StatsDirect, version 2.7.8; StatsDirectLtd, Altrincham, UK).

Analysis compared the difference in performance of chest compressions with and without the
British Heart Association PocketCPR application. The primary outcome measure of mean com-
pression depth was analysed alongside secondary outcome measures of mean total compressions
in 2min of simulated CPR, mean compression rate, mean total correct compressions and correct
hand position.

The quality of chest compressions was measured with Resusci Anne Skills Station (Laerdal
Medical Limited, Orpington, UK). IBM SPSS Statistics version 22 software package was used to
calculate descriptive statistics, p values, 95 per cent confidence intervals (Cls) and Wilcoxon’s
rank-sum tests for two related samples. A significance level of p<0.05 was considered to be statis-
tically significant.

Ethical considerations

This randomised control trial received ethical approval from the Coventry University Ethics
Committee (P4090).

Results

Flow and baseline characteristics

A total of 118 subjects were recruited to the study and were included in the analysis. The sample
size of 108 subjects determined by the power sample size calculation was satisfied. Baseline char-
acteristics are shown in Table 1.

Primary outcome

When using the PocketCPR application, 44.28 per cent of the total number of compressions were
measured to be the correct depth compared with 40.57 per cent of mean total compressions when the
PocketCPR application was not used (p<0.001). The actual number of correct depth compressions
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Table 1. Demographic table of participants (n=120).

Gender Total
Male 58
Female 62

Age group (years) Total
18-25 68
26-33 I
344| 8
41-48 22
49+ 10

Table 2. Results.

Parameter With app. 95% ClI Without app.  95% Cl p

mean % mean %

Predicted maximum 200-240 200-240

compressions
Total compressions 205.19 199.11-211.24  163.25 151.24-175.25  0.000
Comepression rate 106.87 104.87-108.88  105.37 100.58-110.17  0.858
Correct compressions 30.67 (14.94) 20.38-40.96 20.5 (12.55) 13.03-27.97 0.085
Adequate depth 90.86 (44.28) 75.74-105.99  66.24 (40.57) 52.5-79.97 0.001
Insufficient depth 114.32 (55.71) 99.32-129.33  97.01 (59.42) 81.19-112.82 0.006
Low-hand position 48.1 (23.44) 34.54-61.66 44.97 (27.54)  32.68-57.26 0.970
High-hand position 32.52 (15.84) 21.96-43.08 28.29 (17.32)  18.49-38.09 0.351
Right-hand position 11.42 (5.56) 3.97-18.86 4.41 (2.7) -0.2-9.02 0.194
Left-hand position 28.36 (13.82) 17.6-39.12 23.77 (14.56)  14.21-33.33 0.788

Cl: confidence interval.

was also higher in the PocketCPR group than would be anticipated by the percentages (90.86 vs
66.24), as this group performed more compressions in the 2-min period.

Secondary outcomes

Further analysis was performed on the secondary outcome measures, and the results are reported
in Table 2.

The 2010 Resuscitation Council (UK) Guidelines'® advocate a compression rate of 100—
120 compressions per minute; therefore, continuous chest compressions over a 2-min period should
result in 200-240 compressions being delivered over the 2-min period. While the mean compres-
sion rate when using the PocketCPR was broadly similar to the mean compression rate when not
using the application, there was a significant difference in the total number of compressions per-
formed. When using the PocketCPR application, the number of compressions delivered fell within
the expected range, while the number in the non-PocketCPR group was lower (p<0.000).

There was no significant difference between mean compression rates, but there was a signifi-
cant difference between the number of compressions performed during the 2-min time period.

The difference in the mean number of correct compressions when using PocketCPR and without
the application was not significant, and the mean number of correct compressions was low in both
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groups. A total of 14.94 per cent of the mean total compressions (95% CI 20.38-40.96) were cor-
rect in terms of rate, depth and hand position when using the application, 12.55 per cent of the mean
total compressions (95% CI 13.03-27.97) without the application.

Where compressions were incorrect due to incorrect hand placement, hands were more likely to
be too low rather than too high. Where hands were placed away from the midline, subjects were
most likely to place their hands further from their body to the left of the midline of the manikin,
rather than closer to them to the right of the midline of the manikin.

Discussion

Comment

The PocketCPR training application allowed for a greater depth of compressions during the 2-min
resuscitation attempt, which supports the recommendations for CPR in current guidelines.!?
Participants were more likely to reach the recommended resuscitation guidance depth of 50-60 mm
for chest compressions when using the PocketCPR application (95% CI 81.19-112.82, p<0.0006).
With evidence connecting an increased likelihood of return of spontaneous circulation with chest
compressions performed to a depth of 50 mm or more,?324 the results here suggest that the feedback
provided by the PocketCPR application could have real-life applications. Previous manikin-based
studies have found that compressions tend towards inadequate depth following only 1 min of CPR
due to rescuer fatigue,?®> whereas our results demonstrate that feedback to the layperson allowed
chest compressions to be performed to an adequate depth more frequently during a 2-min cycle.
This suggests that the PocketCPR application may either ameliorate the effect of rescuer fatigue or
help to motivate the rescuer to continue to compress the chest to an adequate depth even when
fatigue or a loss of concentration is taking effect.

While the depth of chest compressions improved with the PocketCPR application, it was
observed that hand position was frequently reported off-centre (Table 2). This study found that
incorrect hand position was often too high on the chest, rather than too low or too far left or right.
As a percentage, there was no difference in hand positioning between participants using the
PocketCPR device or those without. The use of PocketCPR likely required more dexterity to hold
the device between the hands during chest compressions as well as the requirement to visualise the
screen to view depth attainment, although our results failed to reach significance. There is insuf-
ficient evidence in research to determine if there is any relationship between incorrect hand posi-
tion and changes in efficiency of CPR.? It may also be considered that CPR performed too right or
too left is more likely to be effective than chest compressions performed too high and too low due
to changes in thoracic pressure as part of the thoracic pump theory.2

Despite the high number of incorrect hand positions in both groups, use of PocketCPR did result
in a greater number of chest compressions that were performed during the 2-min resuscitation
attempt. When using the PocketCPR application, participants achieved the predicted range of 200—
240 chest compressions, over the 2-min test period, in accordance with resuscitation guidance of
100—120 chest compressions per minute. Although the number of chest compressions performed
using PocketCPR was higher than without, there was a noticeable delay in starting chest compres-
sions while participants navigated the British Heart Foundation PocketCPR training application.
While any lack of familiarity with the device was ameliorated by the instructions that were given
to the participants, on average, chest compressions were delayed by 37.31 s while candidate’s sum-
moned help, confirmed that the patient was not breathing and began chest compressions with
device feedback. The delay to begin chest compression is consistent with comparable studies and
similar portable feedback devices.?> Delay to CPR without the device was on average 14.42s. The
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PocketCPR device appears to improve the consistency of chest compressions, as participants still
performed a greater number of chest compressions in the required time, albeit with an initial delay.
It is unclear whether the delay to start initial chest compressions is countered by the increased
number of compressions achieved over 2 min, but the delay in starting could be further exacerbated
where the application is not readily available on the home screen of an individual about to perform
bystander CPR. A recommendation would be to ensure that the application is pinned to a person’s
home page on their mobile device in order to minimise any delays in starting chest compressions.
To overcome this delay in beginning chest compressions, it is recommended that instruction is
more concise, bypassing the approach and navigating straight to resuscitation feedback. Without
the application, CPR was often commenced earlier but had lower consistency and longer periods
of inactivity due to some participants attempting mouth-to-mouth ventilation. Since bystander
resuscitation with periods of inactivity is associated with poorer outcome,?” it is important to mini-
mise this inactivity. In our study, those performing chest-compression-only CPR using the
PocketCPR application had fewer periods of inactivity and more consistency in their compres-
sions. The periods of inactivity serve to explain why the number of compressions in the PocketCPR
arm of the study performed significantly more compressions during the 2min of the study; yet,
there was no significant difference in the actual rate of compressions between the two limbs.

During both limbs of the study subjects managed to achieve an average rate of compression that
accords with current resuscitation guidelines, which suggest that chest compressions of at least
100 compressions per minute are more effective than slower rates.?®

Participant recruitment was representative of a normal urban population. Since OOHCA can
occur in any environment, the participant demographics are representative of those who may ren-
der aid in this situation. During the study, it was noted that most participants were familiar with the
device and navigation through the application but were more often unable to effectively follow the
instructions as directed. Although we collected information on age, there are many factors that
affect the rescuers’ ability or willingness to perform bystander CPR. These include (but are not
limited to) socioeconomic profile, education,?® gender and fitness.3¢

Participants in this study were seen to encounter navigation problems while the application was
playing due to the touchscreen nature of the device. This resulted in accidental disruption of CPR
instruction and restarting the application, which adversely impacted upon the time to perform chest
compressions. It would be helpful if the device became locked once the application had been
selected and the accelerometers activated by chest compressions. Despite this, the benefit of using
the PocketCPR application is that participants only required a smartphone device with the applica-
tion, rather than additional equipment to secure the device. While other studies have shown
improved CPR with the use of smartphones secured in armbands, other studies demonstrate that
participants were unable to perform CPR with feedback without the securing mount.3! While the
PocketCPR uses smartphone technology to feedback depth measurement, gripping the device
while performing chest compressions is difficult, and the usability is compromised due to the acci-
dental disruption of CPR instruction.

There is a growing body of evidence to suggest that using a smartphone application can
improve chest compression depth and rate,3> which positively affects chance of survival in
OOHCA. However, these devices are limited in their usability and complex interfaces, which
must be overcome to confidently recommend their use beyond a training application into a real-
time feedback device. Smartphone applications may also be useful as prerequiste learning for
CPR training.?3

Although this study considers PocketCPR application to improve chest compression perfor-
mance, the evolution of portable smart technology is becoming ever more prevalent in prehospital
resuscitation, evident by the recent endorsement of the Good Smartphone Activated Medics
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(GoodSAM) application from the Resuscitation Council UK,3* which alerts nearby rescuers to
cases of OOHCA. Therefore, there is opportunity to develop applications like PocketCPR to com-
bine rescuer activation with effective CPR feedback until professional help arrives.

Limitations

There were several limitations within this study. First, over-compression of chest compressions
was not measurable on the resuscitation manikin, as the physical design of the manikin prevented
the participant from over-compressing. Data were collected to consider whether compression depth
was insufficient, but it is not known how many compressions may have been too deep. Despite this,
there is insufficient evidence to specify an upper limit for chest compression depth, and chest com-
pressions that are too deep may still be effective.?s

Second, the number of people who have PocketCPR application downloaded onto their portable
device or smartphone and accessible during OOHCA incidents may limit the usability of feedback.
It is not known how many times the application has been downloaded, but it works on both an
Apple and Android platforms, so there is considerable potential for this application be widely
available. In the first quarter of 2015 alone, over 74 million iPhones were sold as a stand-alone
mobile product.3¢ It is not unreasonable to argue that the application should be included as a default
application on all devices capable of supporting it.

Finally, as with all simulation and manikin studies, the results of this study cannot measure
clinical outcome or survivability but remains a useful proxy measure into the usability of feedback
devices for bystanders.

Conclusion

Overall, the standard of bystander resuscitation within this study was poor and chest compressions
were still frequently performed at insufficient depth, with incorrect hand positioning and with pro-
longed periods of inactivity. The PocketCPR application improved the percentage of chest com-
pressions that were performed to the correct depth during bystander compression-only CPR. A
greater number of chest compressions were also performed with the application during the 2-min
time period when compared to standard basic life support attempts, where compressions were
often too shallow and with too few external chest compressions performed. Although use of the
application improved CPR performance when compared to no application, CPR performance
remained suboptimal. More work is needed to develop an application that can instruct bystanders
to perform effective chest-compression-only CPR without delay.
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Abstract

Hospital-acquired infections pose a significant risk to patient health, while their surveillance is an additional
workload for hospital staff. Our overall aim is to build a surveillance system that reliably detects all patient
records that potentially include hospital-acquired infections. This is to reduce the burden of having the
hospital staff manually check patient records. This study focuses on the application of text classification using
support vector machines and gradient tree boosting to the problem. Support vector machines and gradient
tree boosting have never been applied to the problem of detecting hospital-acquired infections in Swedish
patient records, and according to our experiments, they lead to encouraging results. The best result is
yielded by gradient tree boosting, at 93.7 percent recall, 79.7 percent precision and 85.7 percent F| score
when using stemming. We can show that simple preprocessing techniques and parameter tuning can lead to
high recall (which we aim for in screening patient records) with appropriate precision for this task.
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