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ABSTRACT

Background:

Atrial fibrillation (AF) confers high risk of stroke, but often goes undiagnosed due
to difficulties in its diagnosis. AF detection is important in post-stroke populations for
secondary prevention and smartwatches have emerged as a promising modality for
detecting AF, but little is known about their use in older adults who have experienced a

stroke.

Methods:

This dissertation uses data from the Pulsewatch study, a two-phased trial
assessing accuracy, usability, and adherence of smartwatch-based AF detection among
older patients after stroke. Analyses performed include: descriptive statistics, linear and
logistic regressions, qualitative and mixed-methods analyses, mixed effects modeling,

and group-based trajectory modeling.

Results:

The Pulsewatch system was 91% accurate in detecting AF compared to a clinical
gold-standard. Participants found the system easy to use, but indicated that streamlining
the smartwatch’s functionalities to focus on passive cardiac monitoring is crucial.
Improving battery life to allow for longer wear time would alleviate anxiety in some

participants. Participants with previous experience using cardiac rhythm monitors rated
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the system lower on usability, but overwhelmingly preferred it to previous monitors due
to the watch’s comfort, appearance, and convenience. Watch wear decreased over time,
and we observed three distinct patterns of decline. No individual-level characteristics

were associated with usability or adherence to watch wear.

Conclusions:

Smartwatches are promising for AF detection in older adults after stroke, though
while they offer high accuracy and usability, adherence to wear is low. Strategies to
encourage extended watch wear are necessary to realize the potential of smartwatches as

a viable cardiac monitoring modality.
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CHAPTERI:

INTRODUCTION

Atrial fibrillation in the U.S. population

Atrial fibrillation (AF) is the most common cardiac rhythm disorder in the

14

world, and current estimates suggest that this cardiac dysrhythmia affects up to 6 million

people in the US.! Advanced age is a significant risk factor for AF,! and both the

incidence and prevalence of AF doubles with each additional decade of life after age 40.>

With the aging of the US population, as well as the increased prevalence of risk factors

for AF, including hypertension® and obesity,* the number of affected individuals is
expected to double by 2050.>¢ This cardiac dysrhythmia is associated with a 5-fold
increased risk of ischemic stroke,? 3-fold risk of heart failure,”® and 2-fold risk of
dementia’ and reduced survival'®>?° in comparison to individual without AF. AF
associated strokes happen more commonly among the elderly'? and are frequently
fatal.!>!* AF and its associated treatments, complications, and consequent loss of
productivity are estimated to cost individual patients with AF approximately $8,700

annually, and to cost the US healthcare system up to $26 billion annually.’

Clinical considerations in identifying and treating atrial fibrillation

Atrial fibrillation is also often episodic, especially earlier in its natural

history."” According to population-based estimates, 1 in 5 cases is paroxysmal.°

Furthermore, approximately 1 out of every 3 patients with AF is unaware of symptoms,
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and this arrhythmia can, therefore, elude diagnosis even if it is persistent.'® However,
even brief and infrequent episodes of AF, regardless of symptoms, confer a significant
risk of stroke and death!” and stroke is the initial clinical manifestation of AF for
approximately 1 in every 5 patients.'®!” Anticoagulation therapy is highly effective for
stroke prevention in patients with AF with an established diagnosis. A recent analysis of
29 randomized trials (n = 28,044) showed that anticoagulation decreases the risk for
stroke by upwards of two-thirds.?® Given the efficacy and affordability®! of oral
anticoagulants, enhanced screening methods are imperative to facilitate early AF
identification and stroke prevention.

Patients who have experienced a prior stroke are already at a staggering nine-
fold risk for recurrent stroke compared to those who have not had an initial event,?? and
this risk of recurrence is even further magnified in patients who have AF.?*** Fortunately,
anticoagulation therapy is also highly effective for secondary prevention,” and it is
therefore even more crucial to identify AF (if the arrhythmia is present) in survivors of an
initial stroke. As such, standard-of-care work up for patients after stroke often includes

cardiac rhythm monitoring to rule out AF using one of several available options.?

Existing clinical modalities for detecting atrial fibrillation
Several clinical modalities exist currently to monitor cardiac rhythm, but each
method carries significant limitations in either coverage, costs, or patient burden (Table

1.1).7
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Table 1.1 — Summary of cardiac monitoring devices and their limitations

Monitoring Description Limitations

Device

Holter monitor | External device for short term Short term, manual analysis
continuous ECG recording of large amounts of data,

cumbersome, skin irritation

External loop | External device for long-term Trigger-based recording

recorder monitoring (weeks), triggered to may not capture all
record by preset thresholds or patient | arrhythmias, skin irritation
activation.

Implantable Device implanted in chest wall for Trigger-based recording

loop recorder | long-term monitoring (years), may not capture all
triggered to record by preset arrhythmias, invasive,
thresholds or patient activation. costly

Twenty-four- or 48-hour continuous ECG (electrocardiographic) monitors
(e.g., Holter monitors) generally use three or more electrical leads affixed to sensor
“stickers” on the chest. These devices remain the standard and most frequently prescribed
type of cardiac rhythm monitor, although newer versions of the devices (called mobile
cardiac telemetry devices) can record up to two weeks of ECG data.?’” Although Holter
monitors are a trusted and valid tool for cardiac thythm monitoring, they are limited by:
a) the relatively short period of time that an individual can be monitored because of poor
patient adherence, owing to skin irritation?® and inconvenience (cannot shower with the
device on), b) data storage capability, or ¢) inability to transfer data in real time to
clinicians.?®

Loop recorders (LR) are also used clinically and can be either external (ELR)
or implantable (ILR). Unlike a Holter monitor, recording is activated by a predetermined

algorithm or by the patient. External and internal loop recorders’ enable longer
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monitoring periods (up to 30 days and several years, respectively) and by virtue of their
longer coverage periods, are superior to Holter monitors in diagnosing AF in high risk
populations.??° However, LRs also suffer from several drawbacks. In order to trigger a
device recording beyond automated thresholds, the wearer must be awake and aware of
symptoms, thus limiting their value for asymptomatic and sleeping patients. Additionally
ELRs require that users wear and reapply stickers and electrodes multiple times, which
can also significantly impact adherence.’! Even newer patch monitors, such as the Zio
patch,®? frequently cause skin irritation that can limit adherence for extended use.*® While
ILRs avoid this major limitation, the devices are implanted beneath the skin through a
surgical procedure,* and are costly, both significant barriers for many patients.

There remains a critical need to explore and develop alternative strategies for
cardiac thythm monitoring given the high degree of patient burden in the existing
modalities of outpatient cardiac monitoring. Recent updates in 2016 to the European
Society of Cardiology’s guidelines on AF management acknowledge the cost
effectiveness of opportunistic screening in clinical settings for silent AF in older adults,**
but stop short of recommending systematic ECG screening in this population, likely due
to the costs and significant patient burden that are associated with traditional methods of

cardiac monitoring as described above.

Mobile devices for cardiac rhythm monitoring
Mobile technologies such as smartphones have become increasingly adopted

even in older populations*® and may provide an excellent tool for ambulatory cardiac
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monitoring.>**° Over the past decade, several commercial mHealth devices for the
specific purpose of cardiac rhythm monitoring have been validated and approved for
general use by regulatory agencies across the world. Furthermore, since 2018,
manufacturers of leading smartwatches such as Apple, Samsung, and Fitbit have
increasingly incorporated AF detection capabilities into their latest commercially
available smartwatch models, enabling remote cardiac rhythm monitoring in previously
unimaginable ways. Additionally, the unprecedented challenges precipitated by the
COVID-19 pandemic have further reshaped the landscape of healthcare systems and
infrastructures, and emphasized the importance of remote-based healthcare and
telemedicine, including health metrics collected by wearable devices. In fact, during the
height of the pandemic in summer of 2020, professional society recommendations on
COVID-era cardiovascular healthcare emphasize the promise of wearable technology for
arrhythmia detection, and encourage providers to leverage these devices for clinical
insights if their patients own them, especially when gold-standard rhythm recordings are
not available due to quarantine restrictions.*!

However, there is still much uncertainty around using wearable biosensors
such as smartwatches to monitor for AF. There is still very limited data for real-world
their accuracy for AF detection, and even when AF is detected, its clinical implications
are yet unclear. There has been no evidence thus far that AF detected via a smartwatch or
any mobile device confers the same risk for morbidity and mortality that AF detected by
traditional monitoring modalities do, thus professional societies and regulatory agencies

are hesitant to make concrete practice recommendations for clinicians around the subject.
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Therefore, rather than envisioning smartwatch-based rhythm monitoring as a
one-to-one replacement for existing clinical ECG monitors, clinicians and researchers
must carefully identify user-case scenarios that optimally leverage these devices in
patient care in ways that capitalize their strengths and does not jeopardize patient
management and important long-term outcomes due to their limitations. For example,
smartwatches may not eventually serve as a means for AF diagnosis, but rather as a tool
for “pre-screening”, or identifying individuals most suited for population-based screening
efforts. Continuous rhythm monitoring by a smartwatch can identify and alert patients
who may have an abnormal rhythm suggestive of AF, which can then prompt the user to

seek further medical care.

Importance of user-centered design and considerations in implementation

In addition to the above logistical challenges for healthcare providers and
medical staff, patients may also face considerable barriers when attempting to use
smartwatches for cardiac rhythm monitoring. While smartwatches offer great promise for
AF detection, current commercially-available devices capable of doing so, including the
FDA cleared Apple Watch, are not medical-grade devices designed for this specific
purpose. While older US adults are increasingly embracing mobile technology, their
adoption rate grows at a much slower rate than among younger Americans.* Potential
technology unfamiliarity within this age group, combined with age-related declines in
cognition, vision, and fine motor skills, which are often further exacerbated by the

presence of a stroke, may result in significant challenges for older adults who have had a
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stroke to successfully operate smartwatches for AF detection. A systematic review of
smartwatches for health care use concluded that there was a significant lack of “user-
centered design or usability testing” in the peer reviewed literature,*? and a considerable
number of lay press articles have highlighted the gap between the design process for such
devices and the actual needs of older adults.**** These challenges potentially preclude
the population of middle-aged and older patients who would benefit most from their use,
and are important considerations for all stakeholders involved, including patients, their

caretakers, healthcare providers, and smartwatch manufacturers.

Specific Aims

This dissertation aims to address critical knowledge gaps that are necessary for
successful use of smartwatches by older adults who have experienced a prior stroke for
detecting AF. Primary quantitative and qualitative data collected from the Pulsewatch
randomized controlled trial of older stroke patients are leveraged to better understand the
specific nuances of smartwatch use in this population. The specific aims of this

dissertation are as follows:

AIM 1.  Describe the accuracy, usability, and adherence to a smartwatch-based

cardiac thythm monitoring system in older patients with a stroke
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AIM 2.  Examine participant-level characteristics associated with perceived
usability and understand specific use considerations of smartwatches for

AF detection in older adults using a mixed-methods approach

AIM 3.  Explore temporal patterns in adherence to smartwatch use and examine
associations between individual patient characteristics and smartwatch

wear.

This work will generate data demonstrating the feasibility of potentially deploying
smartwatches for AF detection in an older stroke patient population and provide evidence
for optimal use scenarios for patients that may inform formal clinical recommendations in
a nascent field. The overall objective of this dissertation is to address critical questions to
ensure that smartwatches are being leveraged to advance patient care and improve
various patient-related outcomes, rather than becoming yet another logistical barrier that

both patients and physicians must overcome.
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CHAPTERII:
ACCURACY, USABILITY, AND ADHERENCE OF SMARTWATCHES FOR

ATRIAL FIBRILLATION DETECTION IN OLDER ADULTS AFTER STROKE

Abstract

Background: Atrial fibrillation (AF) is a common cause of ischemic stroke that often
eludes detection, and the timely diagnosis and treatment of AF is critical for secondary
stroke prevention. Little is known about the use of smartwatches for AF detection among
stroke survivors. The objectives of this study were to examine the accuracy, usability,
and adherence to smartwatch-based AF monitoring system in older adults after a stroke.
Methods: The Pulsewatch study is a two-phased randomized controlled trial in which
participants are randomized at two timepoints into control or intervention groups. The
first phase (14 days) is designed to assess accuracy and usability of a smartwatch for AF
detection, whereas the second phase (30 days) examines adherence to watch wearing.
Intervention group participants in both phases receive a smartwatch with an embedded
AF detection app for cardiac rhythm monitoring. Eligibility criteria include being >50
years old, having an ischemic stroke in the past decade, and having no major
contraindications to anticoagulation therapy. Accuracy of the smartwatch for AF

detection is compared to an ECG patch monitor, and usability is assessed via the System
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Usability Scale. Adherence is operationalized as daily watch wear time over the
monitoring period.

Results: A total of 69 participants were randomized into phase I of the trial, and 36 into
phase II. The average age of study participants was 65 years, 41% were female, and 87%
were White. The smartwatch demonstrated a sensitivity of 66.7% (95% Confidence
Interval [CI]: 9.4-99.2) and specificity of 92.6% (95% CI: 82.1-97.9) for AF detection
over the 14-day period (91.2% accuracy) compared with the ECG patch monitor. The
mean usability score was 65 out of a possible 100. On average, participants wore the
watch on 12 out of 30 days, and mean daily wear time was 1.8 hours (SD 0.7).
Conclusion: A smartwatch application designed by and for stroke survivors demonstrates
reasonable accuracy for AF detection and usability. However, adherence to watch
wearing was modest. Specific strategies encouraging watch use are necessary to realize

the full potential of smartwatches as a modality for AF detection.
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Introduction

Atrial fibrillation (AF) is a common heart rhythm disorder affecting over six
million Americans and more than 30 million individuals worldwide.%*¢ Persons
diagnosed with AF are at increased risk for a myriad of adverse health outcomes
including dementia, heart failure, and myocardial infarction.! Most significantly, AF is
associated with a five-fold increase in stroke risk, and the consequent strokes are
clinically more severe with worse outcomes than those not associated with AF.?
Furthermore, AF is challenging to diagnose, since the condition can often be
asymptomatic and paroxysmal, especially early in the disease course. In nearly one-fifth
of strokes associated with AF, the arrhythmia is diagnosed at the time of stroke
presentation, and in patients who survive their initial stroke, recurrent stroke risk is
markedly elevated.?* Anticoagulation therapy is highly efficacious for stroke prevention
in patients with AF, highlighting the importance of timely detection and appropriate
treatment, '3

In recent years, consumer-available wearable technologies have drastically
transformed the landscape of AF detection. In 2014, the US Food and Drug
Administration (FDA) cleared the first mobile device for AF detection, the AliveCor
KardiaMobile handheld ECG, which has since been validated in a wide range of patient
populations and settings.*’* More recently, wrist-based wearables, or smartwatches,
utilizing near-continuous real-time pulse analysis have emerged as a promising modality
for AF detection due to their potential for longitudinal monitoring and low patient

burden. Several large-scale observational studies, including the Apple Heart Study,
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Huawei Heart Study, and Health eHeart Study have demonstrated that, in community
dwelling populations, especially in those with, or at risk for AF, a smartwatch can offer
moderate to high accuracy compared with clinical gold-standard monitors for detecting
AF.>%2 Furthermore, Apple, Samsung, and Fitbit have received FDA clearance for
smartwatch-based AF detection on their respective wrist-based wearables, and multiple
ongoing trials are aimed at adding to the mounting body of evidence for their
accuracy.>>

Despite the potential of smartwatches, there is a significant dearth of research
focusing on the real-world use considerations of smartwatches for AF detection,
including usability and adherence. Older adults, and specifically stroke survivors, have
the highest pretest probability of AF based on their risk profile and are an important
population for deployment of wearable devices to identify AF. However, this population
faces barriers that may inhibit smartwatch adoption and use. While several current
commercial devices are technically capable of AF detection, they may not appropriately
engage key stakeholders (i.e., end-users) in design or marketing, resulting in potential
usability challenges that may preclude the most AF-vulnerable populations to their use.
Addressing this major challenge is critical to facilitate smartwatch use by older stroke
survivors and leveraging the full monitoring potential of this relatively inexpensive
modality.

We present primary findings of the Pulsewatch study. This investigation
enrolled survivors of an acute ischemic stroke for AF monitoring using a smartwatch-

based system designed with significant end-user input to address the specific challenges
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and concerns most relevant to stroke survivors. Our primary aims are to: 1) examine the
accuracy of a smartwatch for detection of AF in a post-stroke population compared with a
clinical gold-standard monitor, 2) describe the extent of adherence to wearing a
smartwatch throughout the monitoring period, and 3) present data on the perceived

usability of these mobile devices.

Methods
Study population and setting

All participants were enrolled from ambulatory neurology and cardiovascular
clinics at the University of Massachusetts Memorial Healthcare Center (UMMHC), a
large tertiary care center in central Massachusetts, United States. Clinic patients were
eligible for participation if they were 50 years of age or older, had a history of ischemic
stroke or transient ischemic attack (TIA) within the past decade, were willing to use the
Pulsewatch system for at least 44 days (14 days to measure accuracy and usability, and
30 days to measure adherence), and were proficient in written and spoken English.
Exclusion criteria included an absolute contraindication to the receipt of anticoagulation
therapy (i.e., major intracranial hemorrhage), inability to provide informed consent,
known allergy or hypersensitivity to medical grade hydrocolloid adhesives or hydrogel,
presence of a life-threatening arrhythmia that required in-patient monitoring for
immediate analysis, and having an implantable pacemaker (since electrical pacing

interferes with ECG recording used in the study).
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Study design

The Pulsewatch Study is a two-phase randomized controlled trial with an
initial 14-day period designed to measure accuracy and usability of the devices, followed
by a 30-day period where patient adherence to wearing the smartwatch is the primary
study outcome. The Pulsewatch study protocol in its entirety has been described in

further detail previously (manuscript currently under review).

Study procedures

Trained research staff screened electronic medical records (EMR) for all
eligible patients with upcoming neurology and cardiology clinic appointments during
September 2019 to May 2021. An invitation letter was mailed to all eligible patients that
provided a brief description of the Pulsewatch study with contact information to call if
they had any questions regarding the study or if they wished to opt out of any further
contact. Patients were then approached in-person at the time of their ambulatory clinic
visit to gauge interest in the study and obtain informed consent. Upon enrollment,
participants were asked to complete a baseline questionnaire, and were then randomized
to either the control or intervention group in a 1:3 ratio (control:intervention). Both
groups received a gold-standard clinical ECG monitor (Cardea Solo, Cardiac Insight,
Seattle WA), while participants in the intervention group additionally received the
Pulsewatch system to use over two weeks and were asked to wear the smartwatch as
much as possible. Research staff provided extensive training to all intervention group

participants, any potential caretaker or family members who were present at the study
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visit, and provided a training packet with detailed instructions for successful use of the
system. During this 14-day period, study staff contacted participants on days 3 and 7 to
encourage wearing of the Pulsewatch device, address any questions or concerns, and to
troubleshoot any technical challenges the participant may be experiencing. This high
frequency of contact from study staff was intended to improve wear time and data
collection to ensure adequate sampling for determining the accuracy of AF detection and
to garner enough user experience to assess system usability.

Upon conclusion of this 14-day period, participants returned for a study visit at
which time they completed another questionnaire which assessed similar domains as the
baseline with additional questions about user experience for the intervention group, and
were again randomized in a 1:1 fashion on whether they received (or kept) the
Pulsewatch system for an additional 30 days. This subsequent 30-day period was
designed to capture real-world adherence to smartwatch use. Research staff did not
initiate any contact with participants in this stage, however, only providing necessary
technical support if the participant required. An overview of the study design is presented

in Figure 2.1.

Pulsewatch System

The Pulsewatch system consists of a pair of smartphone and smartwatch apps
developed through an iterative process involving patients who had experienced an
ischemic stroke in the past, their caregivers, and healthcare providers. Development and

programming took place over the course of a year, and four focus groups were held with
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patients and their caretakers. During these sessions, sequential iterations of the app
interface were presented to the focus groups participants to elicit their feedback and
address the specific needs of this patient population.

Upon completion of the focus groups, additional patients and their caregivers,
together with local cardiologists, cardiac electrophysiologists, stroke neurologists, and the
primary engineering and app development teams were invited to a day-long programming
event where key stakeholders described their needs and suggestions for the programmers
to apply in real time additional feedback.

The final version of the watch app records the user’s pulse continuously for
five minutes and then pauses recording for the next five minutes to conserve battery life.
If at least 90 consecutive seconds of potential AF is detected during the recording
window, the watch displays an alert asking the user to “Please stay still” with an
accompanying audio/vibration notification. After this alert, if another 60 consecutive
seconds of AF is detected, the user is presented with an alert on the watch that reads
“Abnormality detected”. This series of checks was designed to reduce the number of false
positives that might induce anxiety in study participants. The presence of the final alert
was defined as our primary outcome for watch-detected AF.

The accompanying smartphone application includes functionality allowing
users to track any symptoms they may be experiencing, provides informational links
regarding strokes and AF, and a dashboard view of their heart rate data and graphs
showing any potential episodes of AF recorded on the watch. Screenshots from the final

version of the smartphone and smartwatch apps are presented in Figure 2.2.
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Study measures and primary outcomes

Participant demographic characteristics and medical history information were
abstracted from the EMR by trained research staff. Accuracy of the smartwatch’s
determination of AF was determined by comparing whether a participant received any
AF alerts over the two-week monitoring period compared to whether AF was found on
the gold-standard patch monitor. If any participant failed to wear the watch during the 14-
day study period, they were excluded from the device accuracy analysis.

Usability was measured by the System Usability Scale (SUS), a validated scale
ranging from 0 — 100, with scores of 68 or greater indicating high usability>. Device
adherence was defined by the number of hours of watch wear over the 30-day monitoring
period. We also used a binary definition of adherence in a secondary analysis where the
participant was defined as being adherent if they wore their watch at all that day, and

summarized the total number of days a participant wore the watch.

COVID-19 protocol adaptations

Due to the unprecedented challenges presented by the COVID-19 pandemic,
our study protocol was adapted in June 2020 and approved by the Institutional Review
Board to be performed entirely through remote means to ensure safety for study
participants, research staff, and clinic staff. All in-person study visits were adapted for
phone encounters, including the informed consent, enrollment and baseline visit, and

follow-up visits for both phases of the study. All participants approached after June 2020
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were given the option of interfacing with study staff in-person per the original study
protocol or entirely remotely as described above. The only protocol deviation is
administration of the Montreal Cognitive Assessment (MoCA) due to the instrument’s
visual elements.’® A validated, adapted telephone version of the MoCA that omits the

visual identification elements was administered to assess patient’s cognitive status.’’

Data management

De-identified pulse data collected from the smartwatches were transferred to
the paired smartphone via Bluetooth in real time, and these data were transmitted to
secure servers for storage. All patient identifiers, questionnaire data, and information

extracted from medical records were stored in HIPAA compliant secure servers at

UMMHC.

Data analysis

Descriptive statistics were calculated for all participant demographic, medical
history, and psychosocial characteristics. Sensitivity and specificity were calculated for
accuracy of the smartwatch for showing an AF alert compared with AF identified by the
patch monitor. Overall device wear time in hours was quantified for each participant and
descriptive statistics were calculated. Cuzick’s rank sum test for trend of ordered groups
was used to assess linear trend in daily adherence (binary outcome). All analyses were

completed using Stata 14.0 and SAS 9.3.
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Results

Sixty-nine participants were randomized into the intervention arm of phase I of
the trial, and 36 into the phase II intervention group. The average age of study
participants in the first phase was 65.3 years (Standard Deviation [SD] 9.2), 41% were
female, most were non-Hispanic White (87%), 56% were college graduates, and 35% had
an income of higher than $100,000. More than three-fourths of participants had been
previously diagnosed with hypertension as well as hyperlipidemia, and two in every five
were cognitively impaired. Most owned smartphones (86%) and engaged with apps on
their devices daily (66%), though a much lower proportion of participants owned
smartwatches (26%). Characteristics of participants randomized into the phase II

intervention group were similar. Participant characteristics are further detailed in Table

2.1.

Accuracy

The smartwatch detected AF in two of the three participants who were
diagnosed with AF on their ECG patch monitors (66.7% sensitivity) and correctly
identified 50 of the 54 participants without AF (92.6% specificity). Overall, the
smartwatch exhibited an accuracy of 91.2% for AF identification (Table 2.2). Notably,
one participant with AF identified on their gold-standard ECG patch did not wear the
watch at all for the duration of the study and was excluded from the accuracy analysis.

We conducted secondary accuracy analyses by only including instances where

participants were wearing both the smartwatch concurrently with the patch, and pooled
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participant data to analyze the accuracy of the smartwatch on an hourly level (Table 2.3).
Of the 7,557 hours that all participants wore both the watch and the ECG patch, 68 hours
of AF were detected on the patch, though the watch only detected 3 (4.4% sensitivity).
On the other hand, the majority of non-AF hours were correctly identified by the

smartwatch (99.9% specificity).

Usability

The average score on the SUS was 65.1 out of a possible 100, and 60% of
participants indicated willingness to use the system daily for 6 months for heart rhythm
monitoring. All 69 participants indicated that they would be comfortable allowing their

doctors access to health information collected by this device.

Adherence

Over the 30-day monitoring period, median watch wear time was 31.5 hours
(Q1, Q3 =06.9, 82.3), and the distribution of patient’s adherence with the Pulsewatch
system was highly skewed (Figure 2.3). Participants, on average, wore the watch for 11.9
days (SD 9.8) out of the 30-day monitoring period. The proportion of participants who
wore the watch decreased over the course of the study, with 77.8% of participants
wearing the watch on day 1 and 25.0% of participants on day 30 (p-trend < 0.001)
(Figure 2.4).

Those who were randomized to the intervention arm in phase I (and had two

prior weeks of watch experience and support) did not differ significantly compared to



34

phase I control group participants with regards to total watch wear time (mean: 59.0 vs
41.5 hours, p = 0.51) or number of days on which the watch was worn (mean: 12.6 vs

11.8 days, p = 0.82).

Discussion

In the present study, we describe the accuracy, usability, and adherence of a
smartwatch system for AF detection in older patients who had been previously diagnosed
with a stroke. Compared to a gold-standard ECG patch, the smartwatch demonstrated
greater than 90% accuracy for identifying AF over the two-week monitoring period.
Approximately half of participants found the system to be highly usable and participants
generally reported positive experiences with using the devices, with over half being open
to long term use. However, we observed relatively low adherence to wearing the watch
over the course of the study, with participants on average wearing the watch for 12 days

out of 30, and decreasing over the study course.

Accuracy of smartwatch-based AF detection

A major finding of the Pulsewatch study is that smartwatches offer relatively
high accuracy for detecting AF in older adults with a history of stroke, though there are
nuanced considerations when interpreting these accuracy values. Due to the low
prevalence of true positives (i.e., number of patients with AF identified on ECG patch) in
the study cohort, the sensitivity has wide confidence intervals and may be subject to

varying interpretations. However, the specificity was excellent due to the low number of
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false positives, thus avoiding undue stress and anxiety potentially caused by false alerts
of episodes of AF. Our analysis of concurrent watch and patch wear demonstrated that
while a large portion of the hours in which AF was detected on the patch was actually
mislabeled by the smartwatch, it was still able to identify AF in two of the three
participants who had this condition over the two-week monitoring period. This further
highlights the importance of adequate duration of monitoring, which may be significantly
higher for a smartwatch than a traditional ECG monitor affixed to a patient’s chest, as a
smartwatch may need to analyze more episodes of AF to detect the condition, as
observed in this study.

There is a dearth of evidence about the accuracy of smartwatch-based devices
for AF detection, and fewer studies with concurrent referent gold-standard clinical
monitors. The Apple Heart Study recruited individuals who already owned an Apple
Watch (average age: 41 years, 57% male), asked them to use the device’s built in pulse
analysis feature, and sent ECG patch monitors to all participants who received a potential
AF alert on their smartwatch.® Among the 450 users who returned their ECG patches,
34% had AF identified on their clinical gold-standard patches, and participants who were
65 years or older had the highest rate of AF identified. The Huawei Heart Study utilized a
similar design to that of the Apple Heart Study, and of the 262 participants with
“suspected AF” notifications on their smartwatch and had subsequent clinical work-ups,
87% had confirmed AF.>! Similarly, the study found that older adults had the highest rate
of AF being confirmed as present among those who received alerts on their watch. While

neither of these studies specifically addressed smartwatch use among older adults or
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patients with stroke specifically, they reinforce the clear need for differential screening
thresholds based on characteristics of the population being screened. For example, an
older population of patients who have experienced stroke is at much higher risk for AF
and thus could potentially benefit from greater vigilance from screening tools than in
individuals who have not experienced a stroke.

It is crucial to strike a balance that reflects patient’s individual needs and their
healthcare providers’ judgement with regards to setting an appropriate threshold for AF
detection. For example, a more conservative test using multiple checkpoints, such as the
algorithm used in the present study, exhibited a low burden of false positive cases of AF,
but has greater potential to miss AF when it is present, as we observed. In a post-stroke
patient, this could potentially spell disastrous health outcomes, namely recurrent stroke,
so it may be prudent to adjust the thresholds for AF detection to err more liberally on the

side of caution than the strict rules we applied in this study.

Perceptions of Smartwatch Usability

Older adults are a particularly understudied population with respect to digital
health and telemedicine, and information on the perceptions of smartwatch usability
among this population is scant. A systematic review of wearable sensors deployed in
older adults found that studies largely focus on the systems and technical performance
aspects of technology, and that few existing studies address usability and acceptability
challenges encountered by older adults.*® However, emerging usability data in the field

do appear to be generally concordant with results from the present trial.
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A preliminary feasibility study we conducted in a small cohort of older adults
(n =40, mean age: 71 years) using a smartwatch for cardiac rhythm monitoring found an
average SUS score of 73.°® In the general population, SUS scores for various smartwatch
models are typically in the range of 60 to 70, depending on the specific model or
application scenario.’®® Furthermore, a usability study of older adults (aged 66 — 88
years) using the Samsung Galaxy Gear S3 to administer assessments of pain, mood, and
fatigue showed that 73% of participants reported being satisfied with the smartwatch and
another 73% reported that they were likely to use the device daily in the context of a
research study for a year.®! Similarly, a qualitative study of 19 adults over the age of 65
with osteoarthritis found that 74% of participants indicated willingness to use a
smartwatch for a year for pain symptom tracking.®? Pulsewatch participants were
generally less amenable to long-term device engagement (60% of participants indicated
willingness to use the system daily for 6 months), but this difference may stem from
differences in the populations under study and their reasons for smartwatch use. Both
previous studies focused on using smartwatches for pain assessment in patients with
osteoarthritis,%? a condition that can drastically diminish quality of life, and thus may be

perceived by participants as a health priority more so than heart rhythm monitoring.

Adherence to Smartwatch Use
Though most participants indicated they would be willing to use the
Pulsewatch system daily for 6 months, this was not reflected in actual observed

adherence patterns. Initial adherence to the monitoring device was high, but quickly
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dropped over the course of study. Similarly, a sub-study of the mHealth Screening to
Prevent Strokes (mSToPS) trial, which consisted of 230 participants with numerous risk
factors for AF (median age 71 years; 24% female), showed that 43% of participants who
received a smartwatch to monitor their heart rhythm did not record any data on the device
despite initial enthusiasm for receiving such a device.*® The distribution of device usage
over a follow-up period of 4 months in mSToPS was heavily right-skewed, as we
observed in our study, though only one Pulsewatch participant opted to not use the
system completely.

These results suggest that there exists a gap in translating participant
enthusiasm for the digital technologies into actual use, and this gap persists despite
significant input from end-users in the development phase of this monitoring system,
which indicates the need for further investigation for potential barriers to use. Given that
a crucial component of successfully detecting potential AF after stroke is adequate
duration of monitoring and coverage, it is imperative to maximize opportunities for data
collection by encouraging watch wear. Devoting resources and personnel to maintain
patient engagement is likely key to successful implementation of smartwatches for AF

detection in older patients with a prior stroke.

Conclusion
A smartwatch paired with an application designed by and for stroke survivors
demonstrates good accuracy for AF detection and was found to be highly usable by this

patient population. However, daily adherence to the system was modest over a 30-day
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monitoring period. Use of commercial wearables for AF detection among patients after
stroke shows promise, but strategies to improve adherence to these devices among older

adults after stroke are needed.



Table 2.1 — Participant Characteristics at Study Enrollment

Demographics

Age, mean, yrs (Standard Deviation [SD])
Female
Race
White
More than one race
Black
Asian/Pacific Islander
American Indian/Alaska Native
Other
Hispanic/Latino
Married/living as married
Education
Less than high school
High school degree or equivalent
College degree
Post-graduate degree
Income
< $50,000
$50,000 - $99,999
> $100,000
Stroke history
Stroke
Transient ischemic attack
NIH stroke score, median [25®, 75™ percentiles]
Residual neurological deficits
Other medical history
Congestive heart failure
Cardiac arrhythmias
Valvular disease
Hypertension
Hyperlipidemia
Sleep apnea
Chronic lung disease
Diabetes
Vascular disease
Renal disease
Major bleeding
Myocardial infarction
Percutaneous coronary intervention
Medication use
Anticoagulation
Anti-hypertensive
Anti-platelet

Accuracy/usability
Phase 1

(n=69)

65.3(9.2)

28 (41%)

60 (87%)
4 (6%)
1 (1%)
1 (1%)
0 (0%)
3 (4%)
1 (1%)
48 (71%)

4 (6%)

26 (38%)
24 (35%)
14 (21%)

20 (32%)
22 (34%)
23 (35%)

53 (77%)
20 (29%)
210, 4]

14 (20%)

5 (7%)
10 (14%)
7 (10%)
53 (77%)
56 (82%)
20 (29%)
5 (7%)
18 (26%)
16 (23%)
2 (3%)

3 (4%)
13 (19%)
6 (9%)

10 (15%)
37 (54%)
60 (87%)

Adherence
Phase 11
(n=36)
65.5(9.1)
13 (36%)

33 (92%)
0 (0%)
0 (0%)
1 (3%)
1 (3%)
1 (3%)
0 (0%)
28 (78%)

1 (3%)

13 (36%)
11 (31%)
11 (31%)

6 (18%)
14 (41%)
14 (41%)

28 (78%)
13 (36%)
1[0, 4]
5 (14%)

2 (6%)

6 (17%)
7 (19%)
25 (69%)
29 (81%)
9 (25%)
4 (11%)
4 (11%)
7 (19%)
0 (0%)

1 (3%)

8 (22%)
3 (8%)

7 (19%)
15 (42%)
29 (81%)

40



Statin
Vital signs
Body mass index, median [25™, 75" percentiles]
Systolic blood pressure, mean (SD)
Diastolic blood pressure, mean (SD)
Heart rate, mean (SD)
Psychosocial characteristics
Alcohol use
Use of assistive device
Cognitive impairment
Depressive symptoms
None/Minimal
Mild
Moderate
Moderately severe/severe
Anxiety symptoms
None/Minimal
Mild
Moderate
Severe
Technology engagement
Device ownership
Tablet computer
Smartphone
Smartwatch
Basic cell phone
App use frequency (excluding messaging/calling)
Daily
A few days a week
At least once a week
Less than once a week
Once a month
Never

64 (93%)

28.5[26.2,31.9]
130.7 (17.2)
75.4 (8.4)

71.8 (13.8)

5 (7%)
9 (13%)
29 (42%)

40 (58%)
20 (29%)
6 (9%)
3 (4%)

54 (78%)
8 (12%)
5 (7%)

2 (3%)

47 (68%)
56 (81%)
18 (26%)
25 (36%)

41 (66%)
8 (13%)
4 (6%)

2 (3%)

3 (5%)

4 (6%)

*All values presented as n (%) unless otherwise noted

35 (97%)

28.4126.3,31.6]
127.5 (14.0)
75.5 (9.5)

72.9 (14.3)

3 (8%)
3 (8%)
15 (42%)

23 (64%)
12 (33%)
0 (0%)
1 (3%)

27 (75%)
5 (14%)
3 (8%)

1 (3%)

26 (72%)
31 (86%)
13 (36%)
10 (28%)

24 (75%)
1 (3%)
2 (6%)
2 (6%)
0 (0%)
3 (9%)



42

Table 2.2 — Participant-level accuracy of smartwatch-detected AF compared with an
ECG patch over two-week monitoring period

ECG patch Total
AF (+) | No AF (-)
Smartwatch | AF (+) 2 4 6
No AF () | 1 50 51
Total 3 54 57

Sensitivity:  66.7% (95% CI: 9.4% to 99.2%)
Specificity:  92.6% (95% CI: 82.1% to 97.9%)
Accuracy: 91.2% (95% CI: 80.7% to 97.1%)

Table 2.3 — Accuracy of smartwatch compared to ECG patch on an hourly level

ECG patch Total
AF (+) | No AF (-)
Smartwatch | AF (+) 3 7 10
No AF (-) | 65 7482 7547
Total 68 7489 7557

Sensitivity:  4.4% (95% CI: 0.92% to 12.4%)
Specificity:  99.9% (95% CI: 99.8% to 100.0%)
Accuracy: 99.1% (95% CI: 98.8% to 99.3%)
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Figure 2.1 — Pulsewatch study design and randomization process

e <
\-/ \&

14 days (accuracy, usability) 30 days (adherence)

Phase 1 Phase 11

Randomization

B

Footnote: Upon enrollment, participants are randomized in a 3:1 manner
(intervention:control) for Phase I of the study, where intervention group participants
receive the Pulsewatch system. This phase is designed to assess accuracy and usability of
the Pulsewatch system. At the conclusion of these 14 days, all participants are again
randomized in a 1:1 manner to control or intervention groups for Phase II to assess
adherence to smartwatch wear, and intervention group participants receive (or keep from
the previous phase) the Pulsewatch system. This dissertation does not use data collected
the Phase II control group.
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Figure 2.2 — Representative screenshots of Pulsewatch apps

a) Pulsewatch smartphone application
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b) Pulsewatch interface screenshots on smartwatch
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Figure 2.3 — Distribution of total watch wear time over the 30-day study period
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Figure 2.4 — Proportion of participants wearing smartwatch daily over course of study
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CHAPTER III:
USABILITY OF A SMARTWATCH FOR ATRIAL FIBRILLATION

DETECTION IN OLDER ADULTS AFTER STROKE

Abstract

Background: Smartwatches have emerged as a promising modality for atrial fibrillation
(AF) detection, but little is known about their perceived usability among older adults, and
particularly patients with stroke.

Methods: We employed a mixed-methods study design using data from the intervention
group during phase I of the Pulsewatch study, in which participants received a
smartwatch capable of detecting AF with a smartphone app that allowed participants to
visualize their data. Eligible participants were >50 years old, had an ischemic stroke in
the past decade, and had no major contraindications to anticoagulation therapy.
Quantitative usability was measured by the Systems Usability Scale (SUS) and
investigator-generated questions. Qualitative interviews were conducted, transcribed, and
coded via thematic analysis.

Results: Sixty-nine participants received the Pulsewatch system (average age: 65 years,
41% female, 87% White), and 46% found it to be highly usable (SUS>68). Participants
who have previously been prescribed rhythm monitoring scored 20 points lower on the
SUS than those who have not. Qualitatively, participants wanted a more streamlined
system focused on passive cardiac monitoring with less extraneous functions, and longer

battery life to minimize gaps monitoring. In-person training and continuous support
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greatly improved their user experience, and participants overwhelmingly preferred a
smartwatch over traditional cardiac monitoring due to comfort, appearance, and
convenience.

Conclusion: Older adults who have experienced a stroke find a smartwatch-based system
to be usable for AF detection and greatly prefer them to traditional monitoring methods.
However, improvements to device interface and battery life would facilitate their use

among these patients.
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Introduction

Atrial fibrillation (AF) is highly prevalent cardiac rhythm disorder that affects
over six million people in the US and over 30 million individuals worldwide, though a
large portion of individuals with the condition go undiagnosed due to AF’s often
asymptomatic and paroxysmal nature.!*%% However, even brief episodes of AF are
associated with a greatly increased risk of stroke, and this additional risk is especially
magnified in older adults.® Indeed, it is estimated that ischemic stroke is the initial
clinical manifestation of about one in five cases of AF.!® Furthermore, strokes associated
with AF are also more severe than non-AF related ones, and stroke in general contributes
to a significant portion of the morbidity and mortality associated with the condition.?*
Fortunately, treatment options for stroke prevention in AF patients have been shown to be
highly effective and safe, which further highlights the importance of timely diagnosis and
treatment of the arrhythmia.?*%® This is especially important in patients who have already
experienced a stroke, as they are an especially vulnerable population already at higher
risk for recurrent stroke, and risk is further exacerbated if they have AF.*

Consequently, standard of care in patients after a stroke, and especially in patients
whose strokes are of undetermined origin, entails routine cardiac rhythm monitoring,
which most often takes the form of a contraption with several wires affixed to the

1.26 This burdensome modality complicates many

patient’s chest with adhesive ge
activities of daily living, such as exercise or even bathing, and thus suffers from poor

patient satisfaction and use.®” In recent years, the rapidly expanding field of wearable

biosensors, and specifically smartwatches, have been utilized to address this need for
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better modalities for AF detection, and currently, there are a multitude of consumer-
available smartwatches that are cleared by the Food and Drug Administration for using in
detection AF.%*%° However, despite tremendous advancements in sensor and computing
technologies that have enabled relatively high accuracy of these smartwatches for AF
detection, there has been little consideration for their usability in the older adult
population who would benefit most from AF monitoring, particularly for patients who
have experienced a stroke. Though smartwatch use in the general population has steadily
risen over the last few years, they are by no means ubiquitous, especially among older
adults, who traditionally have been relatively late adopters of nascent technology.”
Additionally, the post-stroke population faces an additional host of challenges that may
further complicate smartwatch use, such as potential residual neurological deficits or
resultant cognitive or psychiatric challenges from their stroke.’!

Still relatively few existing mobile and digital health studies are focused on the
older adults, and only a portion of them examine device usability. However,
advancements in the technological capabilities of wearable sensors, specifically in
addressing health issues most relevant to older adults, such as fall detection and AF
detection, have begun to shift the conversation. Indeed, the American Heart Association
has recently published a scientific statement emphasizing the promise of mobile health
technologies for preventing cardiovascular disease in older adults, as well as the dire need
for a more comprehensive understanding of the barriers that older adults face in using
them.” Emerging evidence of smartwatch use in older adults have identified potential

usability considerations unique to this population, such as accessibility (larger font and
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icons), intuitive interface design, and potential need for assistance.®>’>’* However, these
studies have often been exploratory in nature, and none thus far have focused on a post-
stroke patient population. We utilized a mixed-methods approach to gain a multifaceted
understanding of the usability challenges faced by older adults in using smartwatches for
AF detection, which would be crucial for realizing their full potential as a heart rhythm

monitoring modality.

Methods
Study design and population

This study uses data from the Pulsewatch study, a randomized controlled trial in
which participants were randomized in a 3:1 fashion into intervention and control groups.
The intervention group received the Pulsewatch system, a smartwatch-smartphone app
dyad capable of AF detection, while the control group received standard of care
monitoring (i.e. no devices) for a 14-day monitoring period. While the Pulsewatch study
consists of a second phase following this 14-day period, the focus of the present study is
on smartwatch usability, thus we used data only from the intervention group from the
first phase of the study (Figure 3.1). Eligible participants were recruited from the
neurology and cardiology clinics of a single tertiary care center in central Massachusetts,
and were over 50 years old, have had an ischemic stroke in the last decade, and being
willing to use the Pulsewatch system over the course of the study. Exclusion criteria
included having any major contraindications to anticoagulation therapy, inability to

provide informed consent, contraindication for wearing an ECG patch monitor (e.g.,
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sensitivity or allergy to medical adhesives, implantable pacemaker), or a life-threatening

arrhythmia requiring immediate analysis and in-patient monitoring.

Study procedures

Eligible patients were identified through the electronic medical record and mailed
an invitation letter briefly describing the study and a study number to call if they had any
questions regarding the study, or to opt out of further contact. These potential participants
were then approached at the time of their clinic appointment, and if they chose to enroll
in the study, gave their informed consent and filled out a baseline study questionnaire
assessing a multitude of sociodemographic and psychosocial domains. The participant
was then randomized into either the control or intervention groups. Both groups received
standard-of-care care cardiac rhythm monitoring in the form of an ECG patch monitor
(Cardea SOLO Wireless ECG Patch, Cardiac Insight). In addition, participants
randomized to the intervention group received a smartwatch (Samsung Gear S3 or
Samsung Galaxy Watch 3) and an accompanying smartphone with the Pulsewatch app
installed. This pair of smartwatch and smartphone apps were developed by the study team
over the course of a year with significant input from patients who have had a stroke, their
at-home caregivers, neurologists and cardiologists. All of these stakeholders provided
their perspectives on how best to optimize a study app designed for AF detection to be
deployed in older patients who have experienced a stroke. This end-user input was
incorporated into the app prior to deployment in the trial, and included considerations

ranging from app interface, including adequately large font size and intuitive menu
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organization, to physical comfort of device wear, such as using easily adjustable
magnetic or Velcro watchbands. The final version of the Pulsewatch system consisted of
a smartwatch app that near-continuously monitored a participant’s pulse for rhythm
abnormalities, informing them if potential AF was detected, as well as a phone app that
serves as a dashboard for participants to view their own data and resources to learn more
about AF and strokes. Participants who were randomized to use the Pulsewatch system
were asked to consistently wear the watch as much as possible and to engage with the
phone app as much as they liked. Research staff called participants on the third and
seventh days of the study to encourage watch wear and help troubleshoot any technical
challenges that arose. Additionally, participants were provided a comprehensive user
guide as well as in-person training at enrollment on general device use.

At the conclusion of the 14-day study period, participants completed a
questionnaire similar to the baseline assessment, with additional questions regarding their
experience using the Pulsewatch system over the past two weeks. Ten purposively
participants (to represent a range of demographic factors) were additionally asked to
participate in an in-depth interview to garner a more comprehensive understanding of the
needs and barriers they faced in their user experience. These interviews were recorded
and consisted of two parts. In the first portion of the interview, participants were asked to
simulate daily use of the Pulsewatch system, namely putting on and removing the
smartwatch, charging the devices, and demonstrating how they have been interacting
with the phone app, if at all. The interviewer deemed whether each action was

successfully completed, and if yes, whether any assistance was required. The second half
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followed the format of a semi-structured interview, during which participants are asked
about their user experience. Examples of usability domains explored with participants
include any barriers or challenges they faced and potential ways to circumvent these
barriers, motivations for device use, and user experience compared to traditional cardiac

rhythm monitoring modalities.

Study measures

This mixed-methods study consists of both quantitative and qualitative data
elements. The primary outcome of the quantitative portion of this study was the System
Usability Scale (SUS),> a validated measure of usability utilized by numerous studies of
emerging mobile and digital health tools. Additionally, we generated smartwatch-specific
Likert scale questions (5 points: 1 = “strongly disagree”, 2 = “disagree”, 3 = “neutral”, 4
= “agree”, 5 = “strongly agree”) to better understand facets of use that the more
generalized SUS potentially may not cover. Participants’ medical characteristics were
abstracted from the EMR by trained research staff, and within the administered
questionnaires, cognitive status was assessed with the Montreal Cognitive Assessment
(MoCA),>® depressive symptoms were examined using the Patient Health Questionnaire
(PHQ-9),” and anxiety symptoms were assessed with the Generalized Anxiety Disorder

(GAD-7)7¢ instruments.

Analytic approach
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Descriptive statistics were calculated with regards to participant-level factors for
both the overall cohort as well as the ten participants who completed in-depth interviews.
Linear regression models were used to examine associations between individual
participant-level characteristics and SUS score. Independent variables in the models will
be chosen based on prior literature, as well as other factors that are likely to be associated
with usability. Additionally, we also conducted secondary analyses using logistic
regression models with SUS as a binary outcome (dichotomizing with a previously
validated cutoff of 68 for high vs low usability). The investigator-generated Likert scale
questions are presented as the proportion of participants who responded a 4 or 5 (i.e.,
“agree” or “strongly agree”). Additionally, each question is used in an ordinal logistic
regression model with the full “strongly disagree” to “strongly agree” scale as the
dependent variable, with the same predictor variables as the models described above.
Interview recordings were transcribed and reviewed for quality control. Coding was
completed by two independent researchers and any differences were resolved through
discussion and mutual agreement. Themes from the analysis originate from concepts
outlined in previous literature. The quantitative and qualitative results were triangulated
and the qualitative outcomes were used to contextualize the quantitative findings from the

study.

Results

Quantitative results
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A total of 69 participants were randomized to receive the Pulsewatch system, and
average age of the cohort was 65 years old (SD 9), 41% were women, and most were
White (87%). A large proportion of participants were of high socioeconomic status, with
over half having a college degree and over a third who had an annual income of over
$100,000. About two in five were cognitively impaired, though there was relatively low
burden of depressive and anxiety symptoms in the sample. Our participants were highly
engaged with technology, especially given the age group, with 81% of participants
owning a smartphone and 26% already owning a smartwatch, and two-thirds of
participants using apps on their devices on a daily basis (Table 3.1).

With regards to the SUS, 46.6% of participants deemed the system highly usable
(SUS > 68). More than half of participants either “agreed” or “strongly agreed” with the
both the watch and phone app being easy to use, and 45.6% endorsed that using the
system made them feel more connected to their healthcare providers. About one-tenth of
participants experienced anxiety from using the devices, and more than half of the cohort
agreed that they enjoyed their experience using the devices (Table 3.2).

Participants who have prior experience with using a clinical-grade cardiac rhythm
monitor (Holter, event monitor, mobile telemetry, or implantable loop recorder) on
average scored 20.1 points less out of 100 on the SUS (95% CI: -37.5 to -2.7) than those
who have never had cardiac rhythm monitoring. Age is associated with increased
likelihood to experience anxiety or worry with use of the system, and every additional
year is associated with approximately 6.1% odds of moving up 1 point on a 5-point Likert

scale (with 1 being “strongly disagree” with the statement that using the system caused
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anxiety, and 5 being “strongly agree”). No other demographic, medical history,
psychosocial, or technologic familiarity variables investigated were associated with either

the SUS or any investigator-generated usability questions.

Qualitative results

Characteristics of the sub-cohort of participants who were selected to do an in-
depth interview are presented in Table 3.3. Interview lengths ranged from 16 to 51
minutes, and in the demonstration portion of the interview, all participants were
successful in independently placing the watch on their wrists and adequately tightening
the watchstrap, removing the watch, and charging devices with no external assistance.
Eight of the ten participants engaged with the accompanying phone app to varying
degrees, and all 8 were able to successfully navigate through the app to visualize their
own heart rate and rhythm data, though multiple participants noted that they rarely

engaged with the phone app.

Device training and resources

Participants indicated that the training they received initially upon receiving the
devices from study staff was instrumental to successfully using the devices, particularly
among those who do not own smartwatches. Demonstration use of the watch and phone
apps appeared to remove a major usability barrier by familiarizing the participant prior to
individual use, and this live session with research staff was perceived as far superior to

the detailed written instructions with images that was also provided. Some participants
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preferred a more brief, bulleted list in lieu of the provided instructions, and those who did
find the detailed written instructions helpful mentioned that they generally used the

document as a back-up reference, and did not often utilize the guide.

Training made it way easier, because she [research staff] explained
everything in full, and I don't know, I probably wouldn't have done it if she
didn’t tell me exactly what to expect, and what | was going to do, you
know? The training is a necessity. Absolutely. Especially the older people,
because they're going be so confused [otherwise].

- Female, age 53, owns a smartphone

This preference for support in the form of dedicated personnel extended
beyond the initial encounter, and participants found the ability to reach study staff
any time they encountered any issues to be tremendously useful. This holds true
even for participants who did not utilize the study phone number for any
troubleshooting, as they reported that just the knowledge of being able to contact
study personnel to assist with device use, if they were to need it, contributed
positively to their experience.

Most participants had family members at home who they perceived to be
more technologically adept than they were, and were able to help them with
devices if needed, though it was often not necessary due to the constant

availability of study staff, and the perceived ease of use of the system. This ease
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of use was attributed to the passivity of monitoring, and the relatively low amount

of active engagement asked of participants.

I have people that would be more technically advanced than me, if there
was something | needed. But | mean, | just saw that | was supposed to turn
it on [the watch], and have that icon come up and see that it [the phone
app] was open once a day, so | could see that my heart rate and
everything else. | had nothing else that | needed to do.

- Female, age 61, owns a smartphone

Streamlining rhythm monitoring and minimizing patient burden

While participants generally indicated that the Pulsewatch system was easy to use,
many cited streamlining the system to be a crucial factor for any digital health tools to be
deployed in this population. Although newer generation smart devices are being
embedded with an increasingly wider array of functionalities, from texting and calling to
mobile payment, participants indicated that these additional functions only served to
confound the user experience and detracted from the main goal of cardiac rhythm

monitoring:

There were just too many other things that you could do ... the next
thing you know, you're on the weather [app] — “wait a minute, |
don’t want that.”” So, it would be better if they had a [system] that

was not as complete as one of these, just having the ability to do
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the heart recording and monitoring, but not having all these other
functions. Without having all the extraneous applications and stuff
on there, it would make it so much easier to function, to focus on.

- Male, age 61, owns a smartphone

While streamlining and focusing the functionalities of the watch was a
recurrent theme, several also noted that the general health monitoring provided by
smartwatches, such as physical activity or sleep metrics, are potentially helpful to
visualize as well, and may be acceptable to include in a cardiac rhythm
monitoring system. However, among all participants, including those who noted
the potential helpfulness of these additional functionalities, there was still
particular emphasis on the necessity of a passive system that does not require

extensive active engagement on the part of the patient:

If your goal is to have an app that is all-encompassing, then a step
tracker and some of those other features would be great. But if it's
really to try to replace an invasive loop monitor, it needs to be
super passive. It needs to be a ““set it and forget it”.

- Male, age 53, owns smartphone and smartwatch

A passive system would be perfect. Because | wouldn’t have to
[actively] record anything myself, like everything is there. So, it

would be pretty easy and ... I do not want to touch it.



61

- Female, age 51, does not own smartphone or watch

Compared to traditional monitoring modalities

Most participants interviewed had prior experience with either a Holter monitor,
external event monitor, or implantable loop recorder. Participants overwhelmingly
indicated a strong preference for the Pulsewatch system if given the choice of cardiac
monitors, provided that the watch could attain the same diagnostic accuracy as clinical
gold-standard monitors. Comfort was the most commonly cited reason, specifically given
the various ways that external cardiac monitoring significantly impacts quality of life and
daily activities. The appearance of the watch was also a factor for some participants who

were dissatisfied with the obtrusive and bulky appearance of Holter monitors.

This [watch] would be better. Well, it's not as intrusive. | mean, I'm
wearing this big thing [event monitor] and every time | turn over in bed,
it'll pull on me and wake me up, so it's very tough to deal with when you're
wearing it all the time. I had to cover it [event monitor] up to take a

shower and stuff, so this [watch] is great, it really was good.

- Male, age 87, owns a smartphone

Oh absolutely. I could go out [with the watch] and no one would notice it.
There wouldn’t be wires hanging out of my shirt, people staring at me like

what the hell is wrong with her, you know?
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- Female, age 51, owns smartphone

An additional advantage of the Pulsewatch system that some participants noted
over traditional monitoring modalities is the ability to visualize their own data in near real
time on the accompanying phone app. Traditional monitoring modalities passively record
data, which is then sent directly to a healthcare provider or a third-party vendor for
processing, completely bypassing the patient. In contrast, a wearable device empowers
patients with more information to make decisions about their own health. One participant
reported that her heart rate dropped to 37 beats per minute while wearing the smartwatch,
and while not AF related, she was able to monitor her heart rate displayed on the watch in
real time in order to make a conscious and informed decision on whether or not to seek

urgent medical care.

Sense of security

Participants viewed wearing the smartwatch as providing them with a sense of
security and peace of mind. The Pulsewatch system was often cited as a “safety net” by
participants, especially by those who have had acute cardiac events, and this aspect of the
system was the biggest incentive to use a commercial wearable device for them.
Conversely, several participants experienced anxiety while using the Pulsewatch system
attributable to the stress of potentially missing AF episodes during times when they were
not wearing the smartwatch, for example, while it is charging or when they were in the
shower. One participant cited the waterproof feature of the watch to be useful specifically

for the purpose of being able to wear it in the shower, to minimize the duration of non-
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wear. Participants recognized the value of continuous AF monitoring, and any gaps in
this monitoring was perceived as a major issue. This was especially salient given that due
to the near-continuous nature of pulse monitoring by the smartwatch (and therefore
battery expenditure), it ran out of power in about 6 to 8 hours, and needed to be charged
multiple times a day. These periods of non-wear therefore conferred anxiety and was a

major source of frustration for participants:

Battery life was definitely a big issue. It was on the charger more than my
hand! But | was more relaxed wearing the watch actually, because of my
heart thing. Like maybe it [the watch] would be able to show something. |
felt more comfortable with it on, when it had power. Because if it’s not
going to be on, then what’s the point?

- Female, age 73, does not own smartphone or watch

Health as a motivator for system use

The major motivation for participants to use a wearable system for heart rhythm
monitoring was to maintain their health, whether it was intrinsically motivated or to
generate data for their healthcare providers. Having this information contributed to the
sense of security described above, and one participant cited the Pulsewatch system as
helping normalize her life after her stroke, as the constant feedback on her heart rate and
rhythm gradually restored her confidence to engage in exertional daily tasks, such as

gardening, that she felt anxious about doing immediately following the stroke.
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Additionally, some participants noted the novelty of a smartwatch for rhythm monitoring

may help motivate them to use the device:

Just having it monitoring my heart and noticing it anything goes wrong, or
if everything is just normal. And also, the novelty factor, having new stuff
to play with.

- Male, age 61, owns a smartphone

Integrating quantitative and qualitative results

Quantitative and qualitative data elements in the study were integrated based on
triangulation protocol to describe whether data elements were convergent (where findings
from both methods agree), complementary (where results from qualitative and
quantitative methods enhance understanding of a particular phenomenon), or divergent
(where findings appear to contradict one another).”” We observed overall agreement, and
the qualitative component of this study contextualized the quantitative observations

(Table 3.4).

Discussion

In this usability study of smartwatch-based AF detection in older adults after
stroke, we observed that participants found the Pulsewatch system be generally easy to
use due to its passivity, though a more streamlined approach focused only on cardiac
rhythm monitoring may have been preferably to a multi-functional commercial

smartwatch. Furthermore, a small portion of participants experienced anxiety from using
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the system, like attributable periods of not wearing the watch due to battery life
limitations of the devices. Finally, participants overwhelmingly preferred smartwatches
as a heart monitoring modality to traditional clinical monitors, despite rating the
Pulsewatch system lower with regards to usability. Their preference stemmed from

logistical reasons related to wear factors such as comfort, adherence, and convenience.

Contextualizing usability score

Usability of the Pulsewatch system was rated very similarly to other
commercially available smartwatches, though there is limited research conducted in older
patients with stroke. A usability study of 7 different models of commercially available
smartwatches, including the Samsung Gear S3 used in the present study, found that
average SUS scores of the devices ranged from 61.4 to 67.6 (versus 65.1 in this study),
though notably, the study recruited existing smartwatch users, and only one of the nearly
400 participants was over the age of 60.%° Additionally, a recent mixed-methods study of
eight older adults (mean age = 62) reported a median SUS score of 60 for using wrist-
based activity tracker.”® The stability of SUS score ratings of smartwatches across
drastically different populations may indicate that though older adults may be initially
less willing to embrace emerging technologies, their actual use of these devices may not
differ significantly from the general population. Additionally, even the specific
challenges associated with a stroke do not necessarily preclude the use of smartwatches
for cardiac rhythm monitoring. This is further exemplified by our finding that no

demographic, medical history, psychosocial, or technological familiarity factors were
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significantly associated with SUS score. The majority of participants indicated that the
system was easy to use, but characteristics such as education, cognitive impairment, or
previous device ownership were interestingly not associated with any usability domains
examined. This suggests that a simple and passive smartwatch-based system for cardiac
monitoring may be accessible for many older patients after stroke, irrespective of many

individual-level factors.

Facilitators of smartwatch usability

However, though the Pulsewatch system was generally rated as fairly usable,
there are many challenges unique to this population that impacts their user experience.
An important and recurring theme was the need for streamlining the system to focus
primarily on measuring health metrics without convoluting the process with extraneous
functionalities. While manufacturers in the industry sector race to integrate new
functionalities into successive generations of devices, it would be prudent to more
thoroughly consider the needs of older populations for whom many of these health
features are designed for, and devote more resources to streamlining the user interfaces of
these devices to be more intuitive for older individuals. Additionally, passivity was
deemed crucial to ensuring that the devices were easy to use for participants. A usability
study of Fitbit devices among adults over the age of 65 found that when asked to set up
their own Fitbit accounts and entering their own data through the app, participants were
reluctant to use the devices and deemed the process to be not worth the effort.”’

Decreasing participant burden by minimizing their active role appears to be an important
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factor in smartwatch usability for older adults. This is further corroborated by other
studies indicating that older adults found a wrist-based activity tracker to be simple to use
specifically due to the lack of interaction required on their part.”® Finally, dedicated
training and support personnel appears to drastically improve the user experience for the
system among participants. This initial training was perceived as especially important,
and not something that could be replaced by written instructions. The interpersonal nature
of this interaction is likely key to successful use, as older adults have been shown to
perceive wearable devices to be less complex when they are able to observe others using
it.”?

An issue commonly cited by participants was the short battery life on the
smartwatches. Previous research suggests that a majority of older adults consider long
battery life to be essential for ensuring long-term use of wearable devices, indicating that
one week would be ideal and that having to charge the device daily was unacceptable.”
While the Pulsewatch cohort had lower expectations of the devices with respect to being
able to last a week without having to charge, limited battery life was nonetheless a
common complaint among participants. For most participants, having to charge the
devices frequently seemed to be a mere annoyance, but several experienced anxiety as a
result of having gaps in their cardiac rhythm monitoring. This impacts quality of life for
potential smartwatch users, and should be taken into consideration by manufacturers of
these devices. A potential method to prolong smartwatch battery life may be to reduce its
functionalities to the core components necessary for rhythm monitoring, and thus

eliminating additional demands for processing power and battery expenditure.
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Furthermore, this would be in line with the ease-of-use considerations mentioned above
in streamlining the functionalities and interfaces of these devices, thereby facilitating use.
Participants who have had prior experience using a cardiac monitor on average
rated the Pulsewatch system lower on the SUS, though interestingly, participants
overwhelmingly indicated in qualitative interviews that they would prefer the system
over traditional cardiac monitoring. This likely is due to the fact that the SUS captures
distinct domains of usability, such as complexity, consistency, and functionality of a
system, and a traditional cardiac monitor entails absolutely no active participation on a
patient’s part, which likely renders a smartwatch-based monitoring system, in which they
can engage with a phone app to visualize their own data and find health resources, appear
complex in comparison. Furthermore, while participants cited multiple reasons for
preferring a smartwatch over traditional cardiac monitoring, none of these reasons are
sufficiently captured in the SUS. Instead, factors most salient to patients after stroke are
comfort and discreteness of a smartwatch compared to the many wires and adhesives of
traditional Holter monitors, and the convenience of engaging in activities of daily living
impacted by wearing a traditional monitor, such as showering and even sleeping. It is
these important logistical use considerations, and not that a smartwatch-based monitoring
is necessarily easy to use or quick to learn (as measured by the SUS), that appear to be
driving participants to indicate that they would prefer the smartwatch system. Our finding
highlights areas in which both smartwatch and cardiac rhythm monitor manufacturers can

improve in to enhance usability of their respective devices for patient use.



69

Strengths and limitations

Our study has multiple strengths. It fills a critical research gap in studying older
adults’ perceptions of a smartwatch-based cardiac rhythm monitoring system when a
majority of mobile and digital health studies focus on younger populations. Additionally,
our mixed-methods approach enabled a comprehensive and multi-faceted investigation,
allowing for a synergistic understanding of crucial considerations with regards to
usability of smartwatches in this population. This study should also be interpreted within
the context of several weaknesses. The study cohort is highly heterogeneous with regards
to race and ethnicity and appear to be quite engaged with technology use at baseline, so

the findings of this study may not be generalizable across different populations.

Conclusions

Older adults with stroke generally found a smartwatch-based cardiac rhythm
monitoring system to be usable, though a more streamlined system focused purely on
passive cardiac monitoring, with longer battery life would likely be more ideal for this
population. However, despite these challenges, older adults highly preferred the
smartwatch system compared to traditional cardiac monitoring due to its comfort,

appearance, and convenience.



Table 3.1 — Characteristics of participants who received Pulsewatch system

Demographics
Age, mean (SD)
Female
Race
White
More than one race
Black
Asian/Pacific Islander
American Indian/Alaska Native
Other
Hispanic/Latino
Married/living as married
Education
Less than high school
High school degree or equivalent
College degree
Post-graduate degree
Income
Less than $50,000
$50,000 - $99,999
More than $100,000
Stroke history
Stroke
Transient ischemic attack
NIH stroke score, median [25%", 75" percentile]
Residual neurological deficits
Other medical history
Congestive heart failure
Cardiac arrhythmias
Valvular disease
Hypertension
Hyperlipidemia
Sleep apnea
Chronic lung disease
Diabetes
Vascular disease
Renal disease
Major bleeding
Prior myocardial infarction
Prior percutaneous coronary intervention
Medication use
Anticoagulation

n =69
65.3 (9.2)
28 (41%)

60 (87%)
4 (6%)
1 (1%)
1 (1%)
0 (0%)
3 (4%)
1 (1%)
48 (71%)

4 (6%)

26 (38%)
24 (35%)
14 (21%)

20 (32%)
22 (34%)
23 (35%)

53 (77%)
20 (29%)
20, 4]

14 (20%)

5 (7%)
10 (14%)
7 (10%)
53 (77%)
56 (82%)
20 (29%)
5 (7%)
18 (26%)
16 (23%)
2 (3%)

3 (4%)
13 (19%)
6 (9%)

10 (15%)
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Anti-hypertensive
Anti-platelet
Statin
Vital signs on enrollment
Body mass index, median [25%, 75" percentile]
Systolic blood pressure, mean (SD)
Diastolic blood pressure, mean (SD)
Heart rate, mean (SD)
Psychosocial characteristics
Alcohol use
Use of assistive device
Cognitive impairment
Depressive symptoms
None/Minimal
Mild
Moderate
Moderately severe
Severe
Anxiety symptoms
None/Minimal
Mild
Moderate
Severe
Technology engagement
Device ownership
Tablet computer
Smartphone
Smartwatch
Basic cell phone

App use frequency (excluding messaging/calling)

Daily

A few days a week

At least once a week
Less than once a week
Once a month

Never

71

37 (54%)
60 (87%)
64 (93%)

28.5[26.2,31.9]
130.7 (17.2)
75.4 (8.4)

71.8 (13.8)

5 (7%)
9 (13%)
29 (42%)

40 (58%)
20 (29%)
6 (9%)
2 (3%)
1 (1%)

54 (78%)
8 (12%)
5 (7%)

2 (3%)

47 (68%)
56 (81%)
18 (26%)
25 (36%)

41 (66%)
8 (13%)
4 (6%)

2 (3%)

3 (5%)

4 (6%)



Table 3.2 — Participant perceptions of the Pulsewatch system
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Usability domain

Percent of participants
in agreement (n = 69)

Easy to use (smartwatch)

63.7%

Easy to use (smartphone app) 56.5%
More connected to healthcare providers 45.6%
Anxiety or worry from use 10.2%
Overall enjoyed user experience 55.1%

Table 3.3 — Characteristics of participants who completed an in-depth interview

Demographics
Age, mean (SD)
Female
Race
White
Black
American Indian/Alaska Native
More than one race
Other
Married/living as married
Education
Less than high school
High school degree
College degree
Post graduate degree
Income*
Less than $50,000
$50,000 - $99,999
More than $100,000
Device ownership
Tablet computer
Smartphone
Smartwatch
Basic cell phone

*One participant chose not to disclose income (n =9)

n=10
62.8 (11.6)
7 (70%)

6 (60%)
1 (10%)
1 (10%)
1 (10%)
1 (10%)
4 (40%)

1 (10%)
5 (50%)
1 (10%)
3 (30%)

5 (56%)
2 (22%)
2 (22%)

8 (80%)
8 (80%)
2 (20%)
4 (40%)



Table 3.4 — Triangulation of quantitative and qualitative usability results
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Outcome of Quantitative results Qualitative results Triangulation
interest
Ease of use 63.7% of participants - The devices were simple to use because there was little Convergent /

other cardiac
rhythm monitors

prior experience with
traditional cardiac
monitors scored on
average 20.1 points
lower on the SUS than
those without

traditional monitoring modalities

- However, reasons cited for this strong preference are
generally unrelated to domains of usability captured in the
SUS — participants are instead focused on comfort,
appearance, and convenience of smartwatches compared to
traditional cardiac monitoring

- Some participants enjoyed receiving instant feedback
regarding their heart rate and rhythm, which is not available
with currently used clinical monitors

found watch easy to use | interaction required — passivity is an important facet of Complementary
making the devices easier to use for older adults
56.5% found the phone
app to be easy to use - Training and support for dedicated personnel greatly
enhanced user experience and made the system easier to
use for participants
Anxiety from 10.2% of participants - Anxiety from use stemmed from not being monitored Complementary
use reported experiencing continuously due to having to take off the smartwatch for
anxiety or worry from charging or other reasons
using the system
- Extending the battery life of the smartwatches would have
severely curb feelings of anxiety in participants
Comparison to Participants who had - Smartwatches were overwhelmingly preferred over Complementary
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Figure 3.1 — Pulsewatch study structure (Chapter I1I)

. < |
Hoorollmgnt & Randomization
Randomization
\*
l >
14 days (accuracy, usability) 30 days (adherence)
Phase 1 Current chapter Phase 11
uses data from
these participants

Footnote: Chapter III utilizes data from participants in the Phase I intervention group of
the Pulsewatch trial
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CHAPTER IV
ADHERENCE TO SMARTWATCH-BASED ATRIAL FIBRILLATION

MONITORING IN OLDER ADULTS AFTER STROKE

Abstract

Background: Atrial fibrillation (AF) is a common cause of stroke, and AF monitoring in
patients after stroke is crucial for effective secondary prevention. Smartwatches are
promising for AF detection, but their use in older adults post-stroke is unknown,
particularly patterns of use and characteristics associated with extended use.

Methods: The Pulsewatch study is a two-phased randomized trial and participants in the
intervention group in both phases receive a smartwatch-smartphone app system. In phase
I (14-days), study staff provide participants with frequent support and encouragement to
wear the smartwatch, while phase II (30-days) measures adherence to watch wear.
Eligible participants are >50 years old, had a stroke in the past decade, and have no
contraindications to anticoagulation. Adherence is operationalized as daily hours of
smartwatch wear. Group-based trajectory and mixed effects models are used to examine
latent trajectories of wear time and patient characteristics associated with wear,
respectively.

Results: A total of 36 participants were randomized into the phase II intervention arm
(mean age 65.5 years). Smartwatch wear time over 30 days was 55.1 hours (SD 65.1),
and watch wear declined over the 30-day follow-up. Three latent wear time trajectories

were identified: high initial wear (16.6% of participants), gradual decrease (38.6%), and
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early discontinuation (44.8%). No participant demographic or clinical characteristics
were associated with adherence to watch wear recommendations.

Conclusion: Smartwatches are a promising modality for AF detection in older adults after
stroke, but are limited by less than desirable watch wear. Extensive support and

encouragement may facilitate sustained watch wear.
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Introduction

Atrial fibrillation is the most common cardiac rhythm disorder in the world,
affecting over six million individuals in the US currently, and this number is forecasted to
double by 2050."%° Atrial fibrillation (AF) is a significant contributor to ischemic stroke
risk, and this risk is further increased in older adults. However, AF is an often
asymptomatic and paroxysmal arrhythmia, rendering its detection difficult. As a result,
AF is often diagnosed at the time of, or after, an ischemic stroke.!® Strokes associated
with AF are more severe and are associated with worse outcomes than non-AF
associated strokes, and the risk of recurrent stroke is greatly increased in patients with
AF 2>2* Given the high efficacy, safety, and cost-effectiveness of modern therapeutic
options for stroke prevention in this population, timely identification and treatment of AF
is critical>!"*¢ and current standard-of-care recommendations for patients after stroke
include routine cardiac rhythm monitoring.3!*2 However, existing monitoring modalities
involve either adhesive stickers applied to the chest often with protruding wires and
cords, interfering with activities of daily living, or a surgical procedure to implant a
sensor beneath the skin.?® Each of these options confer significant patient burden and are
associated with poor patient adherence. This is an important barrier to the efficacy of
cardiac rhythm monitoring after a stroke, since adequate duration of monitoring is key to
identifying potential paroxysmal episodes of AF.%

Wrist-based wearable devices, or smartwatches, have risen in popularity during
recent years, and more than one in five American adults now wear one regularly.’*

Beginning in 2018, three commercially available smartwatches have been cleared by the
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Food and Drug Administration for the detection of AF, and though evidence for their use
in real-world settings remains limited, large scale trials have demonstrated the potential
of smartwatches as a cardiac rhythm monitoring modality for AF screening.>%>!
However, despite promising early evidence, several important factors remain unexplored
that are critical to the success of using smartwatches as a rhythm monitoring tool,
especially in older adults after a stroke. However, older adults are less likely to own a
smartwatch, need more help using new electronic devices, and generally report lower
confidence when engaging with technology than younger adults.?>®* This technological
divide is further compounded by potential residual neurological deficits incurred by
patients after a stroke, which can include issues with motor control, thinking and
memory, and language comprehension.®®

Given the importance of longitudinal cardiac monitoring in patients after a stroke,
understanding wear patterns and adherence to recommended use of a smartwatch for
rhythm monitoring will be instrumental in determining their potential use in this
population. In this manuscript we present results from the Pulsewatch study of older
patients after a stroke, where participants are encouraged to use a smartwatch and

smartphone dyad to monitor their cardiac rhythm for potential AF. We examined

adherence to smartwatch use and patient factors associated with continued watch wear.

Methods

Study population and design.
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Study participants were recruited from ambulatory cardiology and neurology clinics of a
large, tertiary care center in central Massachusetts. Eligible participants were greater than
50 years old, had an ischemic stroke in the past decade, expressed willingness to use the
Pulsewatch system (phone and watch apps), and were proficient in English. Exclusion
criteria included contraindications to anticoagulation therapy, inability to provide
informed consent, allergy or hypersensitivity to medical-grade adhesives, having a life-
threatening arrhythmia requiring continuous in-patient monitoring, or having an
implantable pacemaker.

The Pulsewatch study is a two-phased randomized controlled trial (RCT) in which
participants in the intervention group of both phases receive a smartwatch capable of
detecting AF and an accompanying smartphone app with a dashboard for user data
visualization and symptom tracking. Phase I of the study covers a 14-day period to
examine the accuracy and usability of a smartwatch system for AF detection, which was
followed by a 30-day period (phase II) to examine adherence to watch wear. Details
regarding the trial protocol have been published previously [under review]. The present

study uses data from phase II of this study.

Study procedures

Eligible patients were identified through the electronic health record (EHR)
system and approached for recruitment at the time of their clinic visit. After providing
informed consent, participants completed a questionnaire assessing their demographic

and psychosocial factors, and were subsequently randomized into the control or
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intervention group for phase I (3:1 randomization, intervention:control). Intervention
group participants received a smartwatch-smartphone app system for AF detection over
the course of the next 14 days, and both groups received a clinical ECG monitor as a
comparator. Intervention group participants, as well as any potential caregivers present at
the study visit, were trained in the use of the devices, and were given a brochure packet
with detailed instructions and images on use of the system. Participants were asked to
wear the smartwatch as much as possible while they are in the study. In order to
maximize data collection for this phase, study staff contacted the participant on days 3
and 7 of the study to encourage watch wear and to troubleshoot any potential issues.
Additionally, participants were provided with a study phone number for on-call support
should they require any technical assistance during the course of phase 1. At the end of
the 14-day period, participants completed a follow-up questionnaire to quantify any
potential changes from the baseline study visit, and were once again randomized into
either intervention or control groups at this time (1:1 randomization). This second
randomization step utilized a permuted block design that balanced the phase 11
intervention and control groups based on phase I randomization, such that the proportion
of phase I intervention participants would be approximately equal between the phase I1
randomization groups. This was performed to ensure that in the phase II intervention
group, where the main outcome is adherence to watch wear, there was adequate
representation of participants who did not receive the smartwatch system in phase I (i.e.,
phase I control). Phase II of the study consisted of a 30-day follow-up, where the main

outcome was “real-world” adherence. Inasmuch, study staff did not have subsequent
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contact with participants during this period and only answered questions when contacted

by participants.

Pulsewatch system

The Pulsewatch system consists of two components: a smartwatch running a real-
time AF detection algorithm and an accompanying smartphone app that was designed by
the study investigators using an iterative process, with significant input from stroke
survivors, their caretakers, neurologists, and cardiologists. The app includes a dashboard
on which participants can view their personal heart rate and rhythm data, and allows for
tracking of potential symptoms they may experience over the course of the study.
Participants are asked to wear the watch as much as possible and are encouraged to

engage with the app if they were interested in seeing data derived from the smartwatch.

Primary study exposures and outcomes

The primary exposures examined in this study were patient-level factors that may
have been associated with adherence to smartwatch wear over the 30-day follow-up
period. Trained study staff abstracted each participant’s demographic, medical history,
and medication variables from the EHR, and additional demographic information and
psychosocial factors were obtained at the baseline study visit. The primary outcome of
adherence to the smartwatch was operationalized as the number of hours the watch was
worn on each day over the course of the study. In the present study we defined adherence

with watch wear as our primary study endpoint as opposed to engagement with the phone
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app because the ability to detect AF ultimately depends on the duration of watch wear.

Cognitive impairment was assessed via the Montreal Cognitive Assessment™®

screening
tool and symptoms of depression and anxiety were assessed via the Patient Health
Questionnaire (PHQ-9) and the Generalized Anxiety Disorder (GAD-7) questionnaires,

respectively.’>’¢

Statistical analysis

We calculated descriptive statistics for all measured variables. We used group-
based trajectory modeling to identify latent trajectory groups of the number of hours the
watch was worn daily as a function of time using maximum likelihood estimation. Model
selection was based on Bayesian information criterion (BIC) moderated by several
factors:%® 1) an average posterior probability of >0.70 for each group, 2) the odds of
correct group classification based on posterior probabilities >5 for each group, 3) high
correspondence between the estimated probability for each group and the proportion of
participants assigned to each group as determined by maximum posterior probability, and
4) adequate sample size of each group for meaningful interpretation. Descriptive statistics
of participants were examined by trajectory group (each participant was “hard-assigned”
to the group for which they had the highest posterior probability of belonging to), and
ANOVA and chi-squared tests were used to compare differences across groups for
continuous and categorical variables, respectively. Additionally, as a secondary analysis,
we used mixed effects linear regression analyses to model daily wear time over the study

course, using patient-level factors as fixed effects and individual participants as a random
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effect to account for correlation among repeated measurements. Several participant-level
factors, including demographics, cognitive status, and familiarity with technology, were
identified a priori as likely to be associated with adherence to watch wear, and were each
used as independent variables in separate models to examine the relationship between
that particular factor and watch wear as an outcome. We included random intercepts and

slopes for time (day of study) in all models.

Results
Study population

Thirty-six participants were randomized to receive the Pulsewatch system in the
adherence phase (Phase II) of this study. The average age of study participants was 65.5
years old, slightly more than one-third were women (36%), and most were non-Hispanic
White (92%). Participants were highly educated, with over half having completed college
(62%), and 41% had an income of over $100,000. Notably, 42% were cognitively

impaired, and participants reported a low burden of symptoms of depression and anxiety.

Adherence

On average, participants wore the smartwatch for 55.1 hours (SD 65.1) over the
course of the 30-day study period for an average daily wear time 1.8 hours. Mean watch
wear time declined over the course of the study from 3.2 hours on the first day of patient

monitoring to 1.3 hours on day thirty. (Figure 4.1).
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In the GBTM model selection process, we examined all models with up to 3
trajectory groups (to ensure adequate sample size in each group) in all combinations of
linear or quadratic trajectories. The best fit model selected based on the criteria outlined
above identified three latent trajectory groups with regards to wear time: high initial wear
(16.6%), gradual decrease (38.6%), and early discontinuation (44.8%) (Figure 4.2).

Participants were “hard-assigned” to the trajectory group to which they had the
highest posterior probability of belonging to, and their characteristics are presented in
Table 4.2. There were no observed differences between groups with regards to any
demographic, medical history, psychosocial, or technology use factors. However,
compared with the other two groups, the “high initial wear” group had a higher
proportion of participants who were randomized to the intervention group in phase I of
the study (and had 2 additional weeks of device use experience, and frequent support and

encouragement from study staff during this period).

Patient factors associated with adherence to watch wear

Mixed effects linear regression models showed that no a priori defined patient-
level factors likely related to longitudinal watch wear were associated with observed
adherence to watch wear. The associations between daily wear time and several key
example exposure variables are detailed in Table 4.3. For example, cognitively impaired
participants on average wore the smartwatch for 0.79 hours per day less than participants

who were not cognitively impaired, though given that the 95% CI crosses zero (-2.1 to
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0.52 hours), our findings were imprecise and could be consistent with both positive and

negative associations.

Discussion

In this study, we describe adherence to smartwatch wear for the detection of AF
in older adults after an ischemic stroke. Our primary finding is that while watch wear
overall decreased over the course of the 30-day monitoring period, there appears to be
distinct trajectories in watch wear time: a group who wore the watch extensively at the
start of the study and slowly declined (“high initial wear”), one that wore the watch
relatively consistently over the entire study period though gradually declining in duration
(“gradual decrease”), and a group that did not wear the watch past the first few days
(“early discontinuation”). Furthermore, the only observed difference between these
trajectory groups is the proportion of participants who were exposed to previous
encouragement and support with using the smartwatch and accompanying phone app. No
measured participant-level characteristics were significantly associated with watch wear
time.

Accumulating evidence clearly demonstrates the value of longitudinal heart
rhythm monitoring in patients after an ischemic stroke. Indeed, results from the PER
DIEM trial comparing 1 month to 12 months of cardiac rhythm monitoring after an
ischemic stroke found that the longer monitoring period identified more than three times
the number of cases of undiagnosed AF than those who were randomized to standard 30-

day rhythm monitoring.®” Compared with current clinical standard ECG monitors that
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monitor patients around the clock for the entire duration of monitoring, smartwatches
invariably provide less coverage as patients are able to remove the watch at will. While
this flexibility and comfort afforded to patients is in fact the major advantage of using
smartwatches for AF detection in the first place, it can affect the quantity of data
collected, and introduces the potential for missing brief episodes of AF when the watch is
not worn consistently.

We observed that in a real-world setting, without external prompting, wear time
universally declined by the end of 30 days to an average of less than 2 hours a day. This
is a severe limitation of the potential for smartwatches to replace traditional cardiac
monitoring, since it only records a small fraction of the duration of traditional ECG
monitors. Developing strategies to encourage continuous smartwatch wear in this
population is imperative to improve the efficacy of the modality as an AF detection tool.

The mHealth Screening to Prevent Strokes (mSToPS) trial also examined the use
of smartwatches for the detection of AF in 230 older patients after a stroke (mean age: 71
years) found that 43% of participants did not wear the smartwatch at all®*. This is a
strikingly similar proportion to our observed “early discontinuation” group, and suggests
that, for a considerable proportion of patients after stroke, without a dedicated
infrastructure of support and regular encouragement, smartwatches may not be an
appropriate method of cardiac rhythm monitoring. However, our results further suggest
that providing dedicated resources and personnel to support and encourage users can
result in at least some patients sustaining smartwatch wear over time. Unlike the other

two groups, all participants in the “high initial wear” trajectory group were randomized in
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the previous phase of the study to receive frequent check-ins from study staff upon first
receiving the devices. This process may help some patients become more comfortable
with device use, and contribute to forming a habit of wearing the devices. However, all
participants, including those in the “high initial wear” group, exhibited relatively
consistent and dramatic declines in watch wear use by the end of one month. Further
research is needed on the efficacy and cost-effectiveness of engaging in frequent,
structured outreach in an attempt to mitigate this decline in watch wearing.

Though we observed different trajectories in watch wear time, participants
categorized in each of these groups did not differ with regards to any measured
characteristics, and that no participant-level characteristics predicted wear time.
However, this may likely be due to the study’s small sample size. Our finding is
consistent with the results of the mSToPS trial where there were no apparent differences
in individual-level factors between those who wore the watches versus those who did
not®. This could indicate that a wide variety of patients may potentially benefit from the
use of a smartwatch for AF monitoring after stroke. Importantly, this challenges the
notion that certain individual-level factors that may intuitively be potential
contraindications to smartwatch use, such as advanced age, impaired cognition, or
residual neurological deficits, are not necessarily barriers to adherence to wearing a
smartwatch. Rather than attempting to identify “ideal” candidates for smartwatch-based
AF detection after stroke, it may be more prudent for researchers, and ultimately
healthcare systems, to devote resources to developing effective strategies for supporting

and encouraging their use. Specifically, outreach from clinical staff at regular intervals
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(similar to phase I of the present study) may be helpful in maintaining engagement.
Further research is needed to evaluate the long-term effectiveness of this approach, along
with other less resource-intensive options such as automated notifications or artificial-

intelligence mediated feedback.

Study Strengths and Limitations

A strength of our study is that it is one of the first to examine novel applications
of health technology in older adults after a stroke, an often-neglected population in digital
medicine and mHealth research, despite being potentially the greatest benefactors of the
promise of such technology. Additionally, our longitudinal dataset allows for appropriate
application of longitudinal models to examine and quantify nuanced patterns in watch
wear time. However, a major limitation to the present study is the small sample size,

which result in large confidence intervals around all effect estimates.

Conclusion

The effectiveness of smartwatches for cardiac rhythm monitoring in older patients
after stroke is limited by watch wear time, which declines without any external
encouragement. However, prior smartwatch use accompanied by intensive support during
this phase may facilitate sustained watch wear in these patients. Additionally, all patients
may be able to benefit from smartwatch-based AF detection, regardless of technology

familiarity or individual characteristics.



Table 4.1 — Characteristics of Phase II study participants

Demographics
Age, mean (SD)
Female
Race
White
Asian/Pacific Islander
American Indian/Alaska Native
Other
Married/living as married
Education
Less than high school
High school degree or equivalent
College degree
Post-graduate degree
Income
Less than $50,000
$50,000 - $99,999
More than $100,000
Stroke history
Stroke
Transient ischemic attack
NIH stroke score, median [25%, 75" percentile]
Residual neurological deficits
Other medical history
Congestive heart failure
Cardiac arrhythmias
Valvular disease
Hypertension
Hyperlipidemia
Sleep apnea
Chronic lung disease
Diabetes
Vascular disease
Major bleeding
Prior myocardial infarction
Prior percutaneous coronary intervention
Medication use
Anticoagulation
Anti-hypertensive
Anti-platelet
Statin
Vital signs

n=36
65.5(9.1)
13 (36%)

33 (92%)
1 (3%)
1 (3%)
1 (3%)
28 (78%)

1 (3%)

13 (36%)
11 (31%)
11 31%)

6 (18%)
14 (41%)
14 (41%)

28 (78%)
13 (36%)
1[0, 4]
5 (14%)

2 (6%)

6 (17%)
7 (19%)
25 (69%)
29 (81%)
9 (25%)
4 (11%)
4 (11%)
7 (19%)
1 3%)

8 (22%)
3 (8%)

7 (19%)
15 (42%)
29 (81%)
35 (97%)

&9



Body mass index, median [25%, 75" percentile]
Systolic blood pressure, mean (SD)
Diastolic blood pressure, mean (SD)
Heart rate, mean (SD)
Psychosocial characteristics
Alcohol use
Use of assistive device
Cognitive impairment
Depressive symptoms

None/Minimal

Mild

Moderately severe
Anxiety symptoms

None/Minimal

Mild

Moderate

Severe
Technology engagement
Device ownership

Tablet computer

Smartphone

Smartwatch

Basic cell phone

App use frequency (excluding messaging/calling)

Daily

A few days a week

At least once a week
Less than once a week
Once a month

Never

28.4[26.3,31.6]
127.5 (14.0)
75.5 (9.5)

72.9 (14.3)

3 (8%)
3 (8%)
15 (42%)

23 (64%)
12 (33%)
1 (3%)

27 (75%)
5 (14%)
3 (8%)

1 (3%)

26 (72%)
31 (86%)
13 (36%)
10 (28%)

24 (75%)
1 (3%)
2 (6%)
2 (6%)
0 (0%)
3 (9%)
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Table 4.2 — Participant characteristics by watch wear trajectory group

Age, mean (SD)
Female
Race

American Indian/Alaska Native

Asian
White
Undisclosed
Married/living as married
Education
Less than high school
High school or equivalent
College degree
Post-graduate degree
Income
Less than $49,999
$50,000 to $99,999
$100,000 or more
History of stroke
History of TIA
Residual neurological deficits
Alcohol use
Cognitive impairment
Depressive symptoms
Minimal
Mild
Moderately severe
Anxiety symptoms
Minimal
Mild
Moderate
Severe
Device ownership
Tablet computer
Smartphone
Smartwatch
Basic cellphone
App use frequency
Daily

High
initial
wear
(n=6)
64.3 (10.7)
3 (50%)

1 (17%)
0 (0%)

4 (67%)
1 (17%)
5 (83%)

0 (0%)

2 (33%)
2 (33%)
2 (33%)

0 (0%)
4 (67%)
2 (33%)
4 (67%)
3 (50%)
0 (0%)
0 (0%)
1 (17%)

4 (67%)
2 (33%)
0 (0%)

5(83%)
0 (0%)
1 (17%)
0 (0%)

4 (67%)
5(83%)
2 (33%)
2 (33%)

5 (100%)

Gradual
decrease
(n=14)

65.1 (9.3)
7 (50%)

0 (0%)

0 (0%)

14 (100%)
0 (0%)

11 (79%)

0 (0%)

7 (50%)
3(21%)
4 (29%)

4 (31%)
5 (38%)
4 (31%)
11 (79%)
6 (43%)
3 (21%)
2 (14%)
6 (43%)

7 (50%)
7 (50%)
0 (0%)

8 (57%)
4 (29%)
2 (14%)
0 (0%)

10 (71%)
11 (79%)
4 (29%)
5 (36%)

8 (67%)

Early
discontin-
uation
(n=16)
66.3 (8.9)
3 (19%)

0 (0%)
1 (6%)
15 (94%)
0 (0%)
12 (75%)

1 (6%)

4 (25%)
6 (38%)
5(31%)

2 (13%)
5 (33%)
8 (53%)
13 (81%)
4 (25%)
2 (13%)
1 (6%)

8 (50%)

12 (75%)
3 (19%)
1 (6%)

14 (88%)
1 (6%)
0 (0%)
1 (6%)

12 (75%)
15 (94%)
7 (44%)
3 (19%)

11 (73%)

p_
value

0.89
0.15
0.067

0.64
0.52

0.89

0.76
0.44
0.25
0.53
0.37
0.38

0.21

0.92
0.48
0.68
0.55
0.88



A few days a week

At least once a week

Once a month

Never
Phase I intervention group (2
weeks of prior Pulsewatch use
experience and support)

0 (0%)
0 (0%)
0 (0%)
0 (0%)
6 (100%)

0 (0%)
1 (8%)
1 (8%)
2 (17%)
8 (57%)

1 (7%)
1 (7%)
1 (7%)
1 (7%)
14 (88%)

0.049
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Table 4.3 — Associations between patient-level factors and daily watch wear duration

Patient-level factor B coefficient 95% CI1
Age -0.04 -0.11 t0 0.03
Female 0.71 -0.64 to 2.06
Education

Less than high school Reference —

High school degree or equivalent 1.67 -2.37t0 5.71

College degree 1.14 -2.92t0 5.21

Post-graduate degree 1.55 -2.52t0 5.61
Income

Less than $50,000 Reference —

$50,000 - $99,999 0.40 -1.47 t0 2.27

More than $100,000 -0.62 -2.46 to 1.22
Married/living as married 0.20 -0.29 to 0.68
Prior myocardial infarction 0.54 -1.03to 2.11
Prior cardiac surgery -0.73 -3.09 to 1.64
Residual neurological deficits 0.54 -0.97 to 2.05
Depressive symptoms

Minimal Reference —

Mild -0.09 -1.48 to 1.31

Moderate severe -1.50 -5.50 t0 2.50
Anxiety symptoms

Minimal Reference —

Mild -0.57 -2.46 to 1.33

Moderate -0.28 -2.65t0 2.09

Severe -1.58 -5.55t02.39
Cognitive impairment -0.79 -2.10 t0 0.52
Smartphone ownership 0.28 -1.62t02.18
Smartwatch ownership -0.10 -1.47 to 1.27
Phase I intervention group 0.42 -1.16 t0 1.99
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Figure 4.1 — Pulsewatch study structure: Chapter IV

Randomization

30 days (adherence)
Phase 11

14 days (accuracy, usability)
Phase 1

Current chapter
uses data from
these
participants

Footnote: Chapter IV utilizes data from participants in the Phase II intervention group of
the Pulsewatch trial



Figure 4.2 — Mean daily smartwatch wear time
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Figure 4.3 — Latent trajectory groups of adherence to smartwatch wear

Watch wear time (hours)
4
|

Day of study

M High initial wearers (16.6%)
M Gradual decreasers (38.6%)
M Early discontinuers (44.8%)



97

CHAPTER V:

DISCUSSION AND CONCLUSIONS

Review of Purpose and Specific Aims

The major goal of this dissertation was to generate foundational knowledge in the
nascent area of smartwatch-based AF detection in older adults who have experienced a
stroke. Specifically, this research aimed to assess the feasibility of deploying a
smartwatch paired with a smartphone app designed to detect AF among these patients,
and examine whether the monitoring system was:

- Able to accurately identify AF compared to a clinical-grade ECG monitor
- Perceived as usable by older patients after stroke
- Amenable for extended wear in this population

Given this intent, this work was driven by the following questions:

AIM 1: s a smartwatch-based monitoring system using pulse measurements able to
accurately identify AF in older patients after stroke compared to a clinical gold-standard?
Will older patients find the system usable? How long, if at all, are patients willing to wear
a smartwatch for cardiac rhythm monitoring? Answering these questions included the
following:

a) Recruiting older patients after a stroke to use a smartwatch-based AF

detection system to determine its accuracy compared to an ECG patch,
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b) Assessing the general usability of the Pulsewatch system using a validated
scale, and
c) Quantifying total wear time of the smartwatch and the number of days that a

participant wore the watch over the course of the monitoring period.

AIM 2: What are individual-level factors (such as sociodemographics, medical history,
psychosocial characteristics, or technology familiarity) that may be associated with
perceived usability of a smartwatch-based AF detection system? What are some specific
considerations regarding smartwatch use that are most salient to older adults who have

experienced a stroke? Answering these questions included the following:

a) Describing usability scores of participants who have used the Pulsewatch
system and examine patient-level characteristics that may be associated with
perceived usability, and

b) Conducting qualitative interviews to identify themes around usability of
smartwatches for AF detection, including challenges or barriers faced during
use, facilitators of system use, motivations for using the devices, and
comparisons to traditional cardiac rhythm monitoring, and

c) Integrating quantitative and qualitative data elements via triangulation
protocol to contextualize findings and better understand usability of

smartwatches among older patients with stroke from multiple perspectives.
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AIM 3: How long are older adults with stroke willing to wear a smartwatch for atrial
fibrillation detection? Are any individual-level characteristics associated with overall
watch wear duration or patterns of wear over 30 days? Answering these questions

included the following:

a) Describing watch wear time by day over the 30-day monitoring period, and

b) Modeling patterns of watch wear over time among the participants to identify
latent groups using group-based trajectory modeling, and

c) Identifying individual-level characteristics associated with length and patterns

of smartwatch wear.

Overall summary of results
In phase I of the Pulsewatch trial, the major outcomes of interest were accuracy

and usability of the system.

Accuracy

We observed, that compared to a clinical-grade ECG patch monitor, the
Pulsewatch system was 91% accurate for AF detection in older adults after stroke, though
this high accuracy was largely driven by the specificity value. The monitoring system
was able to identify at least some AF in most participants with the condition over the
two-week monitoring period, though the sensitivity of the system was low based on an

hour-by-hour comparison with the ECG patch comparator.
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Usability

Participants generally found the Pulsewatch system to be usable, rating it an
average of 65 out of 100 on the validated SUS. Slightly less than half of participants met
the established threshold for high usability of 68. Participants who have previously used a
cardiac thythm monitor rated the system lower on the SUS than those who have not. To
gain a better understanding of usability and to contextualize these quantitative findings,
we also conducted semi-structured interviews to gain a more thorough understanding of
the user experience. Qualitatively, participants found the system easy to use due to the
passive nature of monitoring. However, the watch was perceived as having too many
functionalities which ultimately detracted from the main purpose of the Pulsewatch
system (cardiac rhythm monitoring). The limited battery life of the smartwatch was also
an annoyance for many participants, though for a small portion, this greatly impacted
their experience with the devices. Having to charge the watch frequently (and not being
able to wear it while charging) invoked feelings of anxiety due to the stress of potentially
having an AF episode while the watch is not being worn. Participants largely preferred
smartwatch-based cardiac rhythm monitoring to traditional modalities due to the comfort,

appearance, and convenience of the smartwatches.

In phase II of Pulsewatch, the major outcome of interest was adherence to

recommended watch wear (as much as possible) over the course of 30 days.
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Adherence

Overall wear time was low in the Pulsewatch study cohort, with mean wear time
being merely 1.8 hours per day. Watch wear time was higher initially but declined over
the study course, though the rate of decline differed drastically across patients. There
were three distinct groups in watch wear patterns within the cohort: 1) a group that wore
the watch extensively initially and tapered off about mid-way (“high initial wear” group),
a group that averaged modest wear time throughout the study, but declined very slightly
over the course of monitoring (“gradual decrease” group), and a group that wore the
watch very little even at the beginning of the study, and stopped wearing the watch
shortly thereafter (“early discontinuation” group). These groups differed in the proportion
of participants who were randomized to receive the Pulsewatch system in phase I of the
study (and thus had two weeks prior of use experience and support from study staff). No
participant characteristics were associated with either daily watch wear duration or the

three patterns of wear described above.

Implications of this work

This dissertation provides foundational evidence for the feasibility of using a
smartwatch-based monitoring system in older adults who have experienced a stroke. This
is a population that is extremely understudied in mobile health interventions, and are
often subject to ageist preconceived notions of whether or not they would be successful in
engaging with emerging technologies based on demographics alone. We demonstrate that

smartwatches could potentially be a powerful modality for detecting AF in these patients,
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but there are several important points to consider before their potential can be fully

realized.

Stakeholder engagement

In designing any new system, engaging the relevant stakeholders, especially end-
users, for their input during the development process is crucial to successful use.
Smartwatch manufacturers in the modern-day technology industry have implemented
biosensors on contemporary watch models that have the potential to tremendously
improve the lives of older adults, such as AF identification or fall detection. However, as
this dissertation demonstrates, these commercially available smartwatches are not
optimized for use by older adults to take advantage of these functionalities. To allow for a
better use experience in their targeted user base, the technology industry must better
interface with key stakeholders (i.e., patients, their caregivers, healthcare providers,
insurance or payers, etc.), during and throughout product development, to ensure that
their smartwatch products not only have the functionalities that are relevant to older

adults, but are also able to be used successfully by these individuals.

Clinical use scenarios

Synthesizing our results with regards to accuracy, usability, and adherence of a
smartwatch-based monitoring system for AF detection, we recognize its particular
strengths and limitations compared to a traditional cardiac rhythm monitor. While

patients largely prefer the smartwatch system due to its convenience and less obtrusive
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nature, the ultimate goal of AF monitoring is to capture as much heart rhythm data as
possible and accurately analyze it for potential abnormalities. In that regard,
smartwatches are still far from the functionality of an ECG patch monitor in overall
clinical utility.

We showed that the smartwatch, while able to correctly identify two out of three
patients with any AF over the course of two weeks, still lags far behind in sensitivity
compared to the ECG patch when observing at a more granular hour-by-hour level. This
could lead to potential issues with false negatives, and miss identification of arrhythmias
in patients for whom it is crucial that any potential AF is detected and treated, lest they
experience a recurrent stroke. Further compounding this is the issue of wear time. A
clinical monitor is on a patient 24 hours a day, often for an entire month, and we
demonstrate that a smartwatch will only have a fraction of that coverage. Low device
sensitivity already confers the risk of missing potential episodes of AF even if
participants are wearing the watch when they are experiencing an arrhythmia, so it is
imperative that they wear the watch as much as possible to increase the amount of cardiac
rhythm data available for analysis, and thereby increasing the chance of correctly
identifying at least some duration of AF in a patient with the arrhythmia. However, the
length of watch wear we observed among Pulsewatch patients makes this difficult. Thus,
we believe that smartwatches do not serve as a 1:1 replacement for traditional cardiac
monitoring necessarily, but an additional layer of security for those who are willing and
able to use one. These devices can serve as an additional and powerful source of

information for clinicians, especially when the patient is not otherwise being monitored
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(i.e., after their routine post-stroke rhythm monitoring, or while awaiting an ILR
implantation), but our findings indicate that they are not yet able to completely replace a

clinical ECG monitor.

A shifting paradigm

The commercial availability of smartwatches and other biosensors are, in a way,
shifting the framework of how we view the infrastructure of medicine. Traditionally, a
healthcare provider will prescribe patients with an intervention as they deem necessary
according to the specific patient’s health profile. A cardiac rhythm monitor is one such
intervention that is traditionally gated by a prescription, and only indicated for patients
for whom the benefits of monitoring outweigh the risks (namely anxiety and additional
testing and medical expenditure from potential false positives). However, commercially
available wearables capable of AF detection have essentially shifted this medical
intervention to “over-the-counter”, allowing anyone to purchase a device and visualize
their own rhythm if they so choose. This has immense implications for the structure of
AF monitoring moving forward, as it drastically increases the accessibility of AF
screening, and potentially would help avert strokes in individuals who would otherwise
not be screened. On the other hand, the major consumer demographic for these devices is
not at particular risk for the arrhythmia (i.e., younger populations) and thus the positive
predictive value of smartwatches for AF detection among those who purchase it is likely

not high. This presents a fascinating dilemma, and it is yet unknown how healthcare
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settings such as hospitals, urgent care centers, emergency rooms, and clinics will adapt to

accommodate this shifting paradigm.

Strengths and limitations

Work presented in this dissertation has several key strengths. The research
described is among the first to address the use of mobile and digital health tools among
older adults after stroke, a demographic often excluded from such interventions, and our
novel contributions will be foundational for future work in this area. Additionally, we
employ a wide range of rigorous analytical techniques, including triangulation from
mixed-methods research and longitudinal modeling, to generate rich insights and gain a
more complete understanding of if and how older adults use a smart-watch based
monitoring system for AF. Additionally, the Pulsewatch system used in this study was
developed in conjunction with critical stakeholders, including patients, their caregivers,
and physicians, and was designed to best address the needs of older adults after stroke.

Our findings should also be interpreted in the light of several limitations. The
most pressing limitation of this work is the small sample size, especially the research
presented in Chapter IV. Our limited sample size resulted in estimates with wide
confidence intervals and are thus subject to varying interpretations. Our sample was also
recruited from a single medical center in Massachusetts, and as a result, is rather
homogeneous with regards to several demographic factors, notably race and ethnicity.
The study cohort was also of generally high socioeconomic status and had high

technologic engagement, which also impacts the external validity of our results.
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Additionally, the technology industry sector moves at a rapid pace, far outstripping that
of academia, and constant updates and successive generations of devices are constantly
changing both their physical form and user interface. These are important considerations,
and our findings may potentially be limited to the specific device and functionality being
used in this study rather than being widely applicable across multiple biosensor

modalities, or even across different models of smartwatches.

Future research

Our work has highlighted multiple additional questions that are important to
investigate with regards to smartwatch use for AF detection. First and foremost, studies
with more participants are required to gain a better understanding of the phenomena we
observed and potentially provide more precise estimates of our findings. Additionally,
further studies are needed on the impact of various interventions on smartwatch wear
time, for example reminder notifications or calls, in an effort to address the low
adherence to recommended watch wear in this population. If these “rescue interventions”
are successful, studies with a longer follow up duration than one month would also be
able highlight more nuanced patterns in long term watch wear, and potentially individual-
level characteristics associated with wear.

Additionally, future research is needed to generate evidence regarding the clinical
significance of AF detected by a smartwatch. Whether the pulse-detected AF on a
smartwatch confers the same health risks as AF detected by a clinical ECG monitor is

unknown, and further investigations are needed to examine downstream outcomes of
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smartwatch-detected AF, such as healthcare utilization, stroke, other cardiac events, and
mortality.

Finally, there are many implementation considerations with regards to using a
smartwatch for AF detection. Implementing any change into existing clinical workflows
is difficult, and rigorous implementation research is necessary to ensure that using
smartwatches in a clinical setting serves to improve both the clinician’s experience and
patient’s health, and not add yet another barrier to overcome as a part of medical
bureaucracy. Perspectives from appropriate stakeholders should be elicited to gain a
better understanding of the contexts in which these devices should be used, and concerns

of clinical staff should be explored.

Conclusions

This dissertation evaluated the feasibility of using a smartwatch for AF detection
in older adults after stroke, specifically in the domains of accuracy, usability, and
adherence. AF is a common arrhythmia that often eludes diagnosis due to its paroxysmal
and potentially asymptomatic nature, and its timely identification in patients after stroke
is a core component of secondary prevention. While modern smartwatches have the
capacity to detect AF, their use in older adults, especially those who have experienced a
stroke, is not well understood. This population faces specific barriers, such as potential
cognitive, visual, or fine motor skill challenges, that may complicate use of commercial
smartwatches. Results from this dissertation provide compelling evidence to show that

smartwatches are fairly accurate for AF detection and are preferred over traditional
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cardiac monitoring modalities by older patients after stroke, though the duration of
smartwatch use was low. Further research is needed to develop strategies for bolstering
watch wear among these patients to increase the utility of smartwatches as a cardiac

rhythm monitoring modality to be comparable to current clinical gold-standard monitors.
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1) Study Title
Pulsewatch: Smartwatch Monitoring for Atrial Fibrillation After Stroke

2) IRB Review History*
The application has never been submitted for review by an external IRB. NHLBI ROIHL137734-01A1 from
the NIH is funding this project.

3) Principal Investigator
Timothy Fitzgibbons, M.D. PhD.

4) Objectives*

The objectives of this project are to develop a mobile device application with providers and patients that is
both usable and accurate. The mobile device application will collect and extract RR interval data and use
real-time algorithms for accurate detection of atrial fibrillation (AF) from mobile devices, including a
smartwatch. Our central hypothesis is that a wrist-based wearable paired with a smartphone application will
detect paroxysmal AF (pAF) with high sensitivity and specificity when compared to conventional cardiac
monitors and will be found acceptable by stroke and cardiology patients and their providers. To accomplish
this goal, our study will have two phases, a developmental phase and a testing phase. The overall objective
will be accomplished by testing our central hypothesis after achieving the following specific aims:

PartI (Aim 1):

-To develop a robust and comprehensive mobile device application for analysis of heart rate interval series
followed by real-time detection of paroxysmal AF and atrial flutter using our previously developed AF
detection algorithm using smartwatch.

-To increase the accuracy and acceptability of our smartwatch-based pAF detection technology by involving
older stroke patients and their providers in the design of the application.

Part II (Aims 2-3):

-To evaluate the performance of a smartwatch for pAF detection in stroke patients and/or to monitor patient
who are at stroke risk with CHA,DS,-VASc score >3 by examining over 14 days the accuracy of pAF
detection from Pulsewatch vs. a state-of-the-art cardiac monitoring device.

-To evaluate rates of adherence and factors associated with successful longer-term smartwatch use among up
to 60 randomly selected stroke patients and/or who have a CHA;DS,-VASc score >3 enrolled in our 14-day
validation study. These randomly selected participants will be asked to use the smartwatch/phone dyad for
30 days. We will explore the impact of smartwatch use over 30 days on patient-reported quality of life,
anxiety, and self-efficacy compared up to 60 usual-care patients.

Learnings from these new objectives will support our future goal to extend monitoring periods to many
months or years, surpassing the capabilities of event monitors.

5) Background*
Atrial Fibrillation (AF) is the most common sustained dysrhythmia worldwide. Although new AF treatment

strategies have emerged over the last decade, a major challenge facing clinicians and researchers is the
paroxysmal, often short-lived, and frequently asymptomatic nature of AF. Given that paroxysmal and
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asymptomatic AF is a growing clinical and public health problem, better, less expensive, and more readily
available AF detection technologies are needed. There is, therefore, a pressing need to develop methods for
readily-accessible monitoring devices powered by accurate AF detection algorithm in order to improve
patient care and reduce healthcare costs associated with treating these arrhythmias and their complications.

Novel technologies for AF detection have important clinical and research applications for AF screening and
monitoring. As was emphasized by a recent National Heart, Lung and Blood Institute (NHLBI) expert panel,
there is a pressing need to develop methods for accurate AF detection and easily accessible monitoring
devices. To this end, we have previously developed a sensitive, real-time realizable algorithm for accurate
AF detection using commercially available, clinically applicable electrocardiographic recordings. Our AF
algorithm has been tested using the MIT-BIH AF database and Holter recordings, shown to be accurate, and
is now commercially available in a new Holter monitor from Scottcare Corporation. We have also made
improvements to the algorithm so that it can detect AF episode that is as short as 12 beats. Further, we have
recently developed a software application to measure heart interval series, which can be used to detect AF in
real time from pulse plethysmographic (PPG) devices. Given the ever-growing popularity of smartphones
and smartwatches, our approach to AF detection using a mobile device will give patients as well as healthcare
providers the opportunity to monitor these arrhythmias under a wide variety of conditions outside of the
physician’s office and outside of the patient’s home.

Because our approach uses only standard smart device hardware (e.g., iPhone or Samsung watch), it is cost-
effective, thereby leading to better acceptance and use by patients. Our mobile health for AF detection
platform has the potential to markedly change the traditional delivery of healthcare, allowing for more
frequent, rapid, and patient-directed AF detection. We will test the acceptability and accuracy of our
smartwatch-app dyad using smart devices (a smartphone and smartwatch) to be collected from recruited
stroke or transient ischemic attack survivors at risk for AF or patients with a CHA,DS,-VASc score of > 3 at
risk for a stroke or transient ischemic attack. We believe this research will result in rapid translation into
innovative AF detection solutions, leading to more effective monitoring and diagnosis of these common
arrhythmias. Finally, the proposed work has the potential to significantly reduce healthcare costs and enhance
patient care by accurately and rapidly establishing the diagnosis of AF in at-risk groups, thereby providing
clinicians with an opportunity to prevent secondary complications of these life-threatening arrhythmias.

Stroke survivors and individuals at high risk for incident stroke require cardiac monitoring for AF,
the single greatest risk factor for stroke: Current American Stroke Association stroke management
guidelines recommend: “For patients who have experienced an acute ischemic stroke or TIA with no other
apparent cause, prolonged rhythm monitoring (=7-14 days) for AF is reasonable” and recommended. In
addition, patients with AF risk factors, including hypertension, diabetes mellitus, vascular disease, and prior
episodes of AF or atrial flutter should be monitored for recurrence. This is because AF is the primary cause
of ~15% of all strokes and AF recurrence and burden relate to stroke. Moreover, patients with AF, if not
treated with anticoagulation therapies, tend to have larger strokes that lead to significant disability. One in 4
patients leaves the hospital without a cause of their stroke identified (cryptogenic strokes). Of the 200,000
American patients diagnosed with cryptogenic stroke yearly, 1 in 5 has paroxysmal AF identified if long-
term post-discharge cardiac monitoring is used. Unfortunately, traditional in—hospital monitoring following
stroke identifies AF in only =5% of cases and longer-term monitoring, although effective, is rarely used as it
presently necessitates the implantation of an expensive invasive device (e.g., Medtronic LinQ monitor or
pacemaker).
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Most existing smartphone apps can detect heart rate, but they cannot detect cardiac rhythm. AF detection
algorithms used in cardiac devices and monitors are rudimentary and require the use of electrodes or invasive
devices implanted underneath a patient’s skin. AliveCor - a smartphone-based arrhythmia detection platform
- pairs ECG electrodes with a smartphone running a proprietary app, enabling single-lead ECG and
intermittent pAF monitoring. No existing algorithm for AF detection uses the combination of passive
monitoring, pattern recognition, computational speed, and robust noise cancellation routines our solution
employs. Additionally, although there are several smartwatches and wearables, including those from Apple,
Philips, and Fitbit, that are capable of heart rate monitoring, the Samsung platform offers 3 unique
advantages: 1) provides researchers with access to a secure data management system designed for research
(Artikcloud), 2) allows for independent development of open-source applications, 3) has a smartwatch
capable of out-of-the-box pulse monitoring.

In our new “Pulsewatch study,” we propose to hone our existing smartphone app to work with a
smartwatch in concert and in a manner that is accessible and usable by elders with, or at risk for,
stroke with input from expert providers and patients. The app will use prompts to promote adherence to
daily use of the smartwatch during the monitoring period and will prompt participants to perform a pulse
check if they experience a symptom of AF.

6. Inclusion/Exclusion Criteria
Part I: Design/Development of the app-smartwatch dyad
Patient (and Caregiver) Focus Groups and Hack-a-thon (Part 1):

Inclusion: For patients: history of TIA or stroke, presenting at the UMass Memorial Medical Center
(UMMMC) inpatient service or ambulatory clinic (neurology clinics and cardiovascular clinics included),
age > 50 years. For patient caregivers: history of caring for a family member or loved one with the inclusion
criteria listed above in the last five years. For both patients and patient caregivers: able to sign informed
consent, and willing to participate in a focus group and/or Hack-a-thon.

Exclusion: For both patients and patient caregivers: serious physical illness (e.g., unable to interact with a
smart device, or communicate verbally or via written text) that would interfere with study participation,
lacking capacity to sign informed consent, unable to read and write in English, plans to move from the area
during the study period, unwilling to complete all study procedures, including attending a focus group and/or
Hack-a-thon.

Provider Focus Groups and Hack-a-thon for Part 1:

Inclusion: medical provider (i.e., cardiology fellow or neurology resident, attending cardiologist, attending
neurologist, stroke or cardiology nurse practitioner) at UMMMC, >3 years of experience providing care to
stroke or TIA patients, willingness to complete informed consent, and willingness to participate in a focus
group and/or Hack-a-thon.

Part II: Study of the app-smartwatch dyad

Inclusion: History of TIA or stroke, presenting to the inpatient UMMMC neurology service or ambulatory
clinic (neurology clinic or cardiovascular medicine clinic/monitoring station), and/or has a CHA>DS,-VASc
score >3, age > 50 years, capable of signing an informed consent, willing and capable of using Pulsewatch
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(smartwatch and smartphone app) daily for up to 44 days and returning to UMMMC for up to two study
visits.

A CHA,DS»-VASc score is a widely used and validated instrument recommended for use by cardiologists to
determine stroke risk in atrial fibrillation patients. CHA>DS,-VASc score relates to stroke risk among
individuals with AF and those free from a known diagnosis of AF. Using a CHA,DS,-VASc score as an
inclusion criterion during screening for possible subjects will enable the study to approach patients at high
risk for stroke who could benefit from continuous monitoring.

Exclusion: Major contraindication to anticoagulation treatment (i.e., major hemorrhagic stroke). Plans to
move out of the area over the 44-day follow-up period. Unable to read or speak English. Unable to sign
consent. Unable or unwilling to return for potential study visits (up to two over a 44-day study period).
Patients with known allergies or hypersensitivities to medical grade hydrocolloid adhesives or hydrogel.
Patients with life threating arrythmias who require in patient monitoring for immediate analysis. Patient with
implantable pacemaker as paced beats interfere with the ECG reading.

Major contraindication to anticoagulation treatment is an exclusion due to the goal of this study, which is to
help prevent secondary stroke; anticoagulation is a mainstay treatment for these patients. Therefore, if
patients are unable to receive anticoagulation treatment, they are not in the ideal target population for this
study.

Special Populations:

. Adults unable to consent - Will not be recruited for this study.

. Individuals who are not yet adults - Will not be recruited for this study.
. Pregnant women - Will not be recruited for this study.

. Prisoners - Will not be recruited for this study

If we struggle to enroll a sufficient number of participants using the campus and clinics outlined above, we
will recruit at the stroke treatment centers or cardiology clinics at UMass Memorial - Health Alliance Hospital
in Leominster, MA, and at UMass Memorial - Marlborough Hospital in Marlborough, MA. The
inclusion/exclusion criteria will otherwise remain the same.

7. Study-Wide Number of Subjects*
Not a multi-site study.

8. Study-Wide Recruitment Methods*
Not a multi-site study

9. Study Timelines*

The first year to 1.5 years of the study will be focused on achieving Aim I (Part I — design of the
application). Focus groups will be scheduled on a rolling basis over Year 1 and will be strongly influenced
by the coordinator and room availability, as well as participant preference. The Hack-a-thon will also be
scheduled at or around the end of Year 1 of the study (Spring 2019). Participants will be advised of when the
event will be held.
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Enrollment for Aims 2-3 (Part II) will begin in Year 2 and will run for 3 years. At enrollment, participants
will be asked to use a cardiac monitor for 14 days and return for a study visit to evaluate device usability and
accuracy. Thereafter, we will ask a randomly selected subsample to continue to use the device for an
additional 30 days for a total of 44 days. We will hold additional semi-structured exit interviews for select
Aim 2 intervention participants who used the Pulsewatch devices for 14 days.

The Pulsewatch study will be conducted over a 4-year period; see table below.

Study Year 1 2 3 4
Quarter 1| 2| 3\ 4 1\ 2| 3| 4 1\ 2| 3| 4 1\ 2\ 3| 4
DEVELOPMENT/ENHANCEMENT (Aim 1)

Formative patient focus groups &
provider interviews

Analysis of formative qualitative
data

“Hack-a-thon” Stakeholder-Agile
Team Meeting

Refine & Integrate AF, skin
contact, & MNA algorithms

EVALUATION/DEPLOYMENT (Aims 2 and 3)
Smartwatch deployed in stroke
population

Follow-up interviews/exit
interview assessment of app

Data analysis

10. Study Endpoints*

Not only will we achieve our central hypothesis with our aims, but we will be able to complete the following
endpoints as well:

Part 1:

e Using focus groups, we will gain feedback on the:
0 App prototype and system as a whole
Role of caregivers in technology use
Barriers and facilitators of use
Preferences and usability of features
Enhancements to text and ambient messaging
Communication system design
Provider preferences regarding notification criteria and format
Potential implementation settings
Information display, graphical images, and message content

OO0OO0OO0OO0OO0O0OO0

e  Hack-a-thon endpoints will ensure developers:
0 Hear patient and provider needs
0 Obtain feedback on information display, graphical images, and message content
Part II:
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e Quantitative Endpoints: We will evaluate the performance of the application for detection of atrial
fibrillation compared to a gold-standard ECG monitor. We will also evaluate adherence to the
system and factors associated with adherence.

e Qualitative Interview Endpoint: Impact of app use on quality of life, anxiety, and self-activation
(using our questionnaire at baseline, at the 14-day follow-up, and the 44-day follow-up). This
information will be obtained from study questionnaires administered at enrollment, at the end of
Aim 2 at 14 days post-enrollment, and after study completion 44 days post-enrollment, as well as
from exit interviews convened with up to 30 selected participants after they use the system.

11. Procedures Involved*

Focus groups (Part 1)

Focus groups will be used to help inform the app development and will include patients, patient caregivers,
and provider participants. Focus groups with patients and patient caregivers will occur together, and provider
focus groups will be conducted separately. Focus groups will last for approximately 60 minutes. Qualitative
data analysis will generate aggregated preferences and recommendations about smartphone application
message components, user interface, reporting, alerts, and watch functions. Focus group/interview analyses
will inform the Hack-a-thon and finalize the Pulsewatch design.

All participants (patients, caregivers, and providers) will be told by the study team that their feedback is
appreciated and if they feel uncomfortable at any time of the focus group, they have the right to refuse to
answer any question(s) and the right to opt-out of the study at any time.

Part I: Semi-structured and open-ended agendas for the focus groups and/or provider interviews have been
written and are submitted as part of our application packet. Discussions will be audio-recorded and
transcribed, protecting confidentiality by replacing participants’ names with study IDs. Focus groups will
begin with a broad description of the Pulsewatch system (including smartphone app and watch), its purpose,
and general functionality. Each participant will be given a smartwatch and smartphone programmed with the
Pulsewatch app and AliveCor ECG app and will be asked to use them during the focus group. In keeping
with contemporary user-centric app design processes, facilitators will interact with participants as they use
the smartwatch and smartphone app. After users have time to wear the watch, perform an ECG, review their
data, and use the annotator, we will invite them to ask open-ended questions to explore elements such as the
following: the layout of the result and summary screens, including the graphical representation of heart rate
and rhythm (e.g., bar graph, slider, stoplight, faces); alert and adherence prompts, including the number of
acceptable prompts that Pulsewatch can deliver per day; opinions about personalized intervention messages
(e.g., “Mr. Jones, you’ve not checked your ECG”); and their preferred timing.

Provider interviews will also explore what data outputs the clinicians consider ideal, along with when and
how often they would want to receive them. We will conduct up to 6 focus groups with participants and up
to 2 focus groups with providers as part of Part I over a 6-month period, then will pause to review the data.
If there is strong consensus or saturation on key areas, we will stop.

Hack-a-thon (Part 1):

The PI, Co-Is, 4 participants, 4 provider champions, and computer programmers and engineers from the
University of Connecticut (UConn) will meet at the University of Massachusetts Medical School (UMMS)
in a conference room to create the final Pulsewatch technology to be deployed in Aims 2 and 3. Modeled on
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“Hack-a-thons” in the software engineering industry, we will drive innovation by creating team synergy and
accelerating product development. This meeting will likely occur in the Albert Sherman Center 7% floor
conference room. Patient participants will receive parking vouchers and compensation. Providers will not be
compensated. Light refreshments will be provided for all. The meeting will take place over a single day (8-
hours) to accommodate the busy schedules of providers and participants. After the Hack-a-thon, the study
team will meet to review and encode changes to the application.

The purpose of the Hack-a-thon meeting is to optimize the interactivity and usability of Pulsewatch, guided
by information gleaned from focus groups. Using this format, end users (providers and patients) can suggest
changes, and programmers will make modifications in real-time. Using a combination of focus groups and
agile programming is an innovative as well as sound approach to designing apps. This event will be a critical
aspect for Aims 2 and 3 to help develop the interface and management of the app for patients to use. At the
Hack-a-thon, participants will be asked to use a prototype of the Pulsewatch app and the system, and then
provide feedback on what they think of the system. Programmers will make modifications to the application
in real time. While programmers are making those modifications, participants may take a break during the
Hack-a-thon, and then come back at a later time during the event to see the final product.

The individuals who will be invited to this Hack-a-thon event will be participants and providers from the
focus groups. At the focus groups, we will provide a fact sheet about the day-long Hack-a-thon and a contact
sheet for people who may be interested in being invited. We will explain that they may accept or decline the
invitation. (Please see Fact Sheet: Patient Hack-a-thon in our eIRB submission). Study staff will follow-up
with interested participants and providers by telephone or email. Participants will have the option to opt-out
or confirm their attendance at the Hack-a-thon.

Part II, Trial Phase- The trial phase of the study will occur after the design and development of the
Pulsewatch system (app and watch algorithms) is complete (Part I). For Aim 2 of Part II, participants will be
randomized into either the intervention or control arm of the study. The Aim 2 control participants will wear
a gold standard cardiac monitor patch (two patches over the 14-days) but will not be offered use of the
Pulsewatch system. Please view visual Diagram 1a for an overview of the 14-day participant process.
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Diagram 1a. Participant process of trial phase: Group names are corresponding to the Part IT Consent

V1.2 form submitted in eIRB.
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Part I1:

At baseline, participants in the Aim 2 control group (up to n=30) will be given two gold-standard Cardiac
Insight Cardea Solo patch monitors. Each patch will run for 7-days to automatically monitor for and capture
irregular heartbeat data. This patch goes right over a participant’s heart on their skin. This patch will allow
participants to go home with a continuous AF monitoring method without the hassle of carrying around a
bulky Holter device. Our PI has already worked with similar devices in the past and has built a relationship
with the study team to ensure proper care and transmission of the data. Trained study staff will place the
patch on the participant at the baseline visit. There is little risk to the participant from this device, which is
widely used technology. The major risk with this device is participant discomfort or skin irritation.
Participants will be given a number to contact in the event they have discomfort in the 14 days of using the
device. Participants will be given a handout with instructions and care tips for the patch (see Device Handout
in eIRB). Only certain sections of this handout will be given to participants depending on which arm of the
trial they are assigned to. Aim 2 control participants will be asked to remove the first patch at the end of day
7 and replace it with the second provided patch and wear it for the next 7 days. They will be asked to return
both patches at their follow-up visit (approximately 14 days). At their study visit, the participants will be
asked to complete an exam and questionnaire that includes standardized scales. Aim 2 control participants
will be compensated for their time and effort, as outlined above. The device will be read by a study physician
blinded to intervention/control status. Abnormal findings on the monitoring patch, in either the intervention
or control groups, will result in notification to the participant’s treating physician.

All participants will be given a Device Handout regarding instruction for the appropriate devices they are
given. In addition, the study team will review with each participant all instructions regarding how the Cardiac
Insight patch functions and the participant’s responsibility. The participant will also go home with
information regarding the patches (see in eIRB, Cardea Solo Quick start guide- this will be added the Device
handout). The study team, specifically the PI, may need to contact participants directly about their results.
This will be disclosed in the informed consent form that participants sign.

The Aim 2 intervention participants (up to n=90) will be asked to use the same gold-standard Cardiac Insight
patch monitor device for 14 days as the control group described above. Aim 2 intervention participants will
also be given a Samsung smartwatch and a Galaxy smartphone. The Samsung smartwatch and Galaxy
smartphone are standard devices that are sold commercially and will be labeled, nonetheless, as research
devices. If the participant has a smartphone that is compatible to our Pulsewatch app, then we will download
the app onto the participant’s smartphone.

The Aim 2 intervention group (up to n=90) will be asked to self-monitor using the Pulsewatch system for at
least 9 hours daily for 14 days. The intervention system is designed to be minimally intrusive. Participants
will be asked to return all study devices (2 Cardiac Insight patches, Samsung smartwatch, and Galaxy
smartphone) at the end of their 14 days of use at the follow-up study visit. Participants will be asked to
complete a questionnaire at this follow-up study visit and will be compensated.

At enrollment in Part II, all study participants will be informed of the possibility that they may be randomly
selected at the completion of their 14-day monitoring period to use the Pulsewatch system for up to 30 days.
We chose to assign a larger proportion of participants to the Aim 2 intervention group because the primary
analyses for Aims 2 and 3 are focused on Pulsewatch users.
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Diagram 1b. Participant process of Part II, trial phase. This diagram outlines what the participant
process is after 14 days and after 44 days. Group names are corresponding to the Part I Consent V1.2
form submitted in eIRB. Please note: for this “Randomization*” we would like to ask permission from the
IRB for an adaptive plan; refer to section 13 Data Analysis and Management, sub section AF Detection
Analysis for this plan. We have provided further details about this process below.
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To accomplish Aim 2, we will examine the performance of Pulsewatch monitoring compared to conventional
cardiac monitoring for pAF detection (accuracy of detection). We will also explore the participant factors
(e.g., hearing or cognitive impairment) associated with app performance.

By enrolling patients from both inpatient and outpatient clinical settings, we will be able to recruit
patients who have stroke/TIA and/or who are at risk for stroke (deemed to have a CHA>DS»-VASc score >3).
At the end at 14 days, if less than 5% of participants have AF based on the gold-standard Cardiac Insight
patch, then we would like to ask participants to extend the use of their monitors for further monitoring. (See
Section 13, Data Analysis and Management, AF Detection Analysis.)

To accomplish Aim 3, we will randomly select 60 participants from both the intervention group and the
control group of Aim 2 at the end of the 14 days and ask them to continue using, or begin using, the
Pulsewatch system to upload their pulse recordings. We will also provide participants randomized to the Aim
3 intervention group with a gold standard AliveCor Kardia mobile ECG device to use if they wish to verify
their pulse reading from the smartwatch. We will also examine factors (e.g., vision) participants report related
to their adherence to using the Pulsewatch system. The 60 participants randomly selected to the Aim 3 control
group will not use any devices during this time.

Part Il Exit interviews: We will use exit interviews for Part II Aim 2 intervention trial participants to
identify ‘what worked’ and ‘what didn’t work’. The exit interviews will be in addition to the questionnaire
and will take place at the same study visit depending on the participants schedule. We will also solicit
feedback on the Interactivity Manager and Annotation Panels, features that will be developed too late in Aim

1 to be fully explored by Aim 1 focus groups. We will invite up to 30 Aim 2 intervention participants to
complete an exit interview. Exit interviews will happen after the participant’s 14-day study visit. These exit
interviews will be important for usability data collection and overall feedback from the participants. Each
exit interview will last for approximately 30 minutes. Semi-structured tentative and open-ended agendas have
been written and submitted to the IRB as part of our packet (see in eIRB, Exit Interview Usability Script
V1.0). Discussions will be audio-recorded and transcribed, protecting confidentiality by replacing
participants’ names with study IDs. Consent for interviews and taping will be part of the study consent.

Questionnaire-

Part II (only):

At enrollment and at their 14-day follow-up study visits, all Part 2 participants will complete a questionnaire
that includes standardized scales to assess quality of life (QoL), depression, anxiety, and self-activation.
Questionnaires will take approximately 45 minutes to complete. If a participant does not return for a follow-
up study visit or is unable to complete an in-person questionnaire assessment, then a phone call will be made
to the participant to see if they are willing to complete the questionnaire via a phone assessment. These
participants will still need to return their devices to receive compensation. We will permit phone calls and
assist with return by mail on a case-by-case basis.

We will compare changes from baseline to the 14-day follow-up in these measures between the Aim 2
intervention (n=90) and Aim 2 control (n=30) groups.
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At the end of each participant’s 44-day enrollment, they will complete a questionnaire either over the phone
or in person, whichever is easier for the participant, to assess QoL, anxiety, and self-activation. This
questionnaire will take approximately 20 minutes to complete. Participants who were not randomly chosen
to use the Pulsewatch system for 30 days (Aim 3 control group) will receive compensation upon completion
of the 44-day follow-up questionnaire. Participants who were randomly chosen to use the Pulsewatch system
for 30 days (Aim 3 intervention group) will receive compensation upon completion of the 44-day follow-up
questionnaire and return of their devices.

We will compare changes from the 14-day follow-up to the 44-day follow-up in these measures between the
Aim 3 intervention (n=60) and Aim 3 control (n=60) groups.

We will create a short-form questionnaire assessment in the event that a participant is unable to complete the
full questionnaire. The only difference between the full assessment and short form is that the short form will
contain only outcome measurements for the questionnaire.

Here is an overview of the variables our questionnaires will be collecting. We have uploaded all of our
questionnaires to eIRB.

Measurement | Questionnaire Tool Baseline 14-Days 14-Days 44-Days
Assessment | Follow-up Follow-up Follow-up
(All Part IT) | Assessment | Assessment Assessmen
(Control) (Intervention) | t (All Part
)
Vision Questionnaire (4 items) v
Hearing Questionnaire (3 items) v
Cognitive MoCA (30- items) 4
impairment
Social support | Social Support Scale (5 items) v
Lubben Social Network Scale v
(6 items)
Depressive PHQ-9 v
symptoms
Anxious GAD-7 v v v v
symptoms
Physical and Health survey SF-12 (12 items) v v v v
mental health
Patient CHALI (10-items) v v v v
activation
Disease Stanford Chronic Disease v v v
management Management Self-Efficacy
self-efficacy Scales: Manage Disease in
General Scale (5 items)
Stanford Chronic Disease v v v
Management Self-Efficacy
Scales: Manage Symptoms
Scale (5 items)
Medication Adherence to Refills and v v v
adherence Medication Scale (ARMS) (12-
items)
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Social history Smoking and alcohol use v
Interaction Perceived Efficacy in Patient — v
with provider Physician interactions (PEPPI)
Technology Device ownership/internet v
use access
Usability System usability scale, v
Assessment Investigator generated
questions
App usability Mobile Application Rating v
assessment Scale (MARS) App

Classification (11-items)

Demographics | Social economic status, v
employment, race and ethnicity
questions

Aims 2-3: Questionnaire will include the following domains-

Anxiety: Anxiety will be assessed using the Generalized Anxiety Disorder-7 scale (GAD-7), a revised version of the anxiety
module from the Patient Health Questionnaire, which consists of DSM-IV criteria for generalized anxiety disorder over the
past 2 weeks. The GAD-7 score ranges from 0-27 with scores of 5, 10 and 15 representing validated cut-points for mild,
moderate and severe levels of anxiety symptoms, with a score >10 having high sensitivity (0.89) and specificity (0.82) for
psychiatrist diagnosed anxiety disorder and correlates significantly with health-related QoL.

Physical and mental health: The SF-12 is a short form health survey to assess health related quality of life, this validated
instrument domains include general health questions and mental health related questions. Scores range from 0 to 100, where
higher scores indicate higher level of health.

Patient Activation: Patient activation refers to a patient’s ability and willingness to manage their health Consumer health
activation index (CHAI) is a 10-item scale. Scores range from 10 to 60 the higher the score the higher the activation the
patient has for self-management of their condition. This is a validated questionnaire instrument.

Cognitive function: The Montreal Cognitive Assessment Battery (MoCA) is a 10-minute, 30-item screening tool designed
to assist physicians in detecting mild cognitive impairment. MoCA correlates well (.89) with the widely used Mini Mental
State Exam, but outperforms it in the detection of mild cognitive impairment (CI). The MoCA score can be used to examine
a magnitude of change over time and offers validated, education-adjusted cut-points for mild CI and dementia..

Social Support: We will use a 5-item modified Social Support Scale and the 6-item Luben Social Network Scale. Together
these measures assess breadth (e.g., help with activities) and depth (e.g., network size) of the participant’s social support.

Depressive Symptoms: We will use the 9-item version of the Patient Health Questionnaire (PHQ-9), the depression module
from the Patient Health Questionnaire, which can yield both a provisional diagnosis of depression and a severity score that
are associated with functional status, disability days and healthcare utilization. The PHQ-9 consists of the 9 criteria upon
which DSM-IV depressive disorders are based. Using a cut-point of >10 (range = 0-27), the PHQ-9 has high sensitivity (.88)
and specificity (.88) for detecting major depression among patients with CVD. Study staff will follow UMass Extreme
Emotional Distress protocol approved by the IRB in the event that a patient indicates suicidal thoughts.

Vision: We will test vision using a Snellen eye chart. Participants will also be asked the question, ‘How much does your
vision interfere with your activities?” based on a 4-point Likert scale from ‘not at all’ to ‘a lot’.
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Hearing: We will use the Whisper test where participants are asked to repeat back numbers whispered into their ear.
Impairment is defined as hearing <6 of 12 numbers. We will complement objective hearing assessments with subjective self-
reported responses to the question: ‘How much does your hearing interfere with your activities?’

Disease Management Self-Efficacy: Self-efficacy for disease management is associated with engagement in health
behaviors and with improved medication adherence. The General Disease Management scale is a 5-item scale assessing
confidence in disease self-management (scores 0-50, higher scores = greater confidence). The Symptom Management scale
is a S-item scale assessing confidence in managing chronic disease symptoms (items tailored to sample).

Medication Adherence: Medication adherence will be measured using the 12-item Adherence to Refills and Medications
Scale (ARMS), a well-validated measure of patient-reported adherence. ARMS scores range from 1-4 (higher scores=poorer
adherence).

Social history: Social and behavioral factors such as smoking and alcohol use are related to strokes and cardiovascular
conditions. Given that the goal of this study is to prevent recurring strokes in this patient population, we believe it is necessary
to obtain this information from participants.

App usability: Mobile Application Rating Scale (MARS) App Classification (11-items) these questions will
help us capture the participants experience with the application.

Deployment of devices/app-

Part I: Participants will use the Pulsewatch System prototype version of the app (AFExam), a smartphone,
and a smartwatch during focus groups or a Hack-a-thon to provide feedback for further development of the
app, and to enhance the deployment of the system in Part II of the study.

Part II: We will provide up to 120 randomly selected participants with an Android smartphone if they do
not own a compatible phone. The smartphone will be active — meaning we will pay for a standard cellular
data/voice/text plan for the duration of the study period. The smartphone will be preloaded with a Samsung
application to enable communication with the smartwatch, the study software application, the AliveCor
Kardia application (used in Aim 3), the participant, and the study team. Participants who are selected for the
intervention arm of Aim 3 will be given the AliveCor Kardia application, which is an FDA-approved,
commercially available, single-lead ECG recording device that communicates with the smartphone.
Participants will also be provided with a smartwatch and a handout outlining how to use the devices (see in
eIRB, Device Handout). We will ask participants to wear the smartwatch day and night for 14 days, removing
it only to charge each morning or during a shower. The Pulsewatch app interface will allow participants to
enter into the app symptoms they may feeling.

We have selected the Galaxy Android smartphone because it can interface seamlessly with the Samsung
smartwatch. If participants have compatible phones they want to use for the study, we will download the
Pulsewatch and AliveCor apps onto their phones, and we will pair their phones with the Samsung study
watch. We will also provide compensation to participants when they return the smartphone and watch to
study staff after completing the study. Participants will be encouraged to call study staff with any problems
encountered when using Pulsewatch during the 14-day monitoring period.

Participants will also have a cardiac patch placed on their chest at enrollment. This monitor will serve as a
gold-standard comparator in our study and is a diagnostic-grade, FDA-approved, and fully regulated medical
device manufactured by Cardiac Insight. The gold-standard cardiac patch will be placed onto participants by
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trained study staff at enrollment. Participants will be instructed to call the study team if they have any
problems with the monitor.

Research staff (RA or study coordinator) will provide enrolled participants with detailed instructions about
the operations and proper usage of the Pulsewatch smartwatch, smartphone apps (including the Pulsewatch
app and AliveCor app), ECG, and 14-day monitor. A checklist and a YouTube video may be made available
to participants to remind them of how to charge, wear, and perform ECG self-checks using the smartwatch
and phone app. Participants (including all control and intervention participants) will return smartphones and
watches and/or 14-day monitors after their study visit at 14 days. For Aim 2 intervention participants, pulse
and ECG data from the smartwatch and annotations/adherence data from smartphones will be uploaded by
study staff after the 14-day visit to the secure cloud server. Aim 2 control participants will be provided
instructions on the gold-standard Cardiac Insight patches. Study staff will be available via telephone to
answer any questions participants have with using the smartwatch and smartphone, charging the battery, and
uploading data throughout the 14-day trial period as needed. The 60 randomly selected participants, who
were consented at baseline to participate in this aim will receive additional training at their 14-day study visit,
taught on how to use the AliveCor Kardia mobile device and will use the Pulsewatch smartwatch and
smartphone for an additional 30 days. Participants in Aim 3’s intervention group will be asked to upload
pulse and ECG data from AliveCor if they would like to do a self-check after receiving the watch notification.
The secure server architecture used by Samsung minimizes the potential for loss of health information and is
similar to one used in our prior work.

COVID-19 Modified Study Procedures:

During COVID-19 restrictions, we will enroll participants over the phone. To do this, we will mail patients
a COVID-19 specific patient invitation letter and the COVID-19 specific informed consent form 7-14 days
prior to their scheduled clinic appointment. If the patient has not called and opted out of the study, we will
call the patient the day before their scheduled appointment to assess interest. If the patient is interested in
participating in the study, we will review the COVID-19 specific informed consent form, which includes a
HIPAA authorization, in which we replace the wet signature that was originally obtained with an
acknowledgement of the study details, risks, benefits, and the acknowledgement to disclose protected health
information through the process of agreeing to participate in the study.

Once the participant has agreed to participate, we will then randomize the participant into either the
intervention or control group for Aim 2. After the participant has been randomized, and we know what
combination of devices they will be receiving, we will then mail the participant their specific devices with
the correct device handouts that we would normally give in-person.

Upon receiving the package, a phone call will be conducted with a study team member in order to complete
the baseline questionnaire and train the participant on their respective devices. Each participant will be
walked through how to place their Cardiac Insight patch. If the participant so wishes, we can also conduct
this study visit over a teleconferencing system, like Zoom. Before completion of the study visit, the study
team member will arrange the date and time for the participant’s 14-day follow-up visit, which will happen
virtually. Our normal study protocol remains the same for the participant during this Aim 2 period. After this
baseline visit is complete, we will mail the participant their $100 gift card.

On the day of the participant’s scheduled 14-day follow-up visit, a study team member will call the participant
and complete the 14-day follow-up questionnaire. Upon completion of the questionnaire, the participant will
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be randomized into an Aim 3 arm. If the participant is randomized into the control arm for Aim 3, we will
ask the participant to mail back all of their Pulsewatch devices via a prepaid package. We will then mail the
participant their $100 gift card. Our normal study protocol will be followed for the rest of these participants
study period, which includes conducting a questionnaire over the phone 30 days later and mailing their $50
gift card. For participants randomized into the Aim 3 intervention arm, we will ask them to mail back their
Cardiac Insight patches via a prepaid package. If the participant was in Aim 2 control and is now in Aim 3
intervention, we will mail them the Pulsewatch System and the AliveCor Kardia Mobile device. We will also
mail them their $100 gift card. If the participant was in Aim 2 intervention and is now in Aim 3 intervention,
we will mail them the AliveCor Kardia Mobile device and their $100 gift card. Upon receiving their devices,
a study team member will conduct a phone call, or a Zoom call, with the participant to train them on their
new devices. Our normal study protocol will be followed for the rest of these participants study period, which
includes conducting a questionnaire over the phone 30 days later, mailing devices back via a prepaid box,
and mailing the participant their $50 gift card.

For participants who have agreed to complete an exit interview, the interview will take place over the phone
upon completion of the participant’s 14-day follow-up study visit. The fact sheet for this exit interview will
be explained to the participant prior to completing the exit interview. We will include this fact sheet in the
package we send to participants before completing their baseline interview, so the participant can have it to
reference. If the participant misplaces the fact sheet, we will mail it to them again.

12. Data and Specimen Banking*

Any data collected by this study may be used for future research. The PI or another approved member of the
study team will determine who is allowed to access this data. It may include collaborators or entities external
to UMMS.

ECG and pulse data from all smartphones and watches will be sent to a secure server managed by UConn’s
information technology services. The data will not be transmitted with participant name, DOB, or MRN. The
Pulsewatch system will upload data when prompted by participants during Aim 3 or by a trained study staff
member during the 14-day study visit. This data management system is encrypted. Data storage capacity on
the Pulsewatch is nearly 14 days at the above noted sampling rates for PPG. Thus, pulse data will be safely
stored and will be retrieved when the Pulsewatch is returned for Aim 2 after 14 days. All ECG and pulse data
will be password protected and encrypted so that only research personnel can access stored data. Once
smartwatches are returned, we will have the study coordinator “push” pulse and ECG data from the
smartwatch and adherence/annotation data from the smartphone. If the smartphone is lost, however, we will
extract the latest adherence and annotation data and then remotely delete the File Store. This protocol protects
participants’ confidentiality in addition to the data encryption and password protection. We have the
programming expertise necessary to carry out these operations.

The AliveCor Kardia platform used to store ECG data from the AliveCor ECG system is a HIPAA-compliant,
HL7 compliant service used by the Cleveland Clinic, UMMMC, and other services for clinical grade ECG
storage and analysis. This protocol protects participants’ confidentiality in addition to the robust means of
data encryption and password protection. We will upload only ECGs linked to participant IDs. ECGs will be
reviewed within 3 days of uploading by study staff. The platform will be checked daily on normal business
days to observe any tracking completed by participants.
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The Cardiac Insight patch data will be transferred to the PI via a summary report for review. This will be
reviewed and stored in a locked, secure space. The data from the Cardiac Insight patches will be de-identified,
containing only a participant study ID #. The raw data and digital summary reports will be stored on secure
UMMS HIPPAA-compliant servers. Similar to the watch pulse and ECG data, the Cardiac Insight ECG data
will also be uploaded to the same secure server managed by UConn’s information technology services. The
data will not be transmitted with participant name, DOB, or MRN.

Focus group and exit interview recordings, Hack-a-thon materials, and questionnaires (baseline and follow-
up) will be stored in a digital format (using the nVivo system for audio recordings and the RedCAP system
for questionnaire data) as well as on paper. All digital data will be password protected and encrypted so that
only research personnel can access stored data using the RedCAP system. All paper questionnaires, consents,
etc., will be stored in a locked, secure UMMS space.

Screening documents to identify patients to approach for the study will be stored in the Redcap File
Repository and deleted when we have finished enrolling participants. We will destroy the master file of the
identifiers of the enrolled participants 5 years after all data analysis is completed. De-identified data coded
with the Subject ID of participants will be retained indefinitely to be reviewed for future publication use. Any
paper or physical copies will be stored in locked spaces. Audio recordings will be deleted after a research
staff member has completed the transcription process and quality check process. Transcription will be de-
identified, protecting confidentiality by replacing participants’ names with study IDs. The master file that
links the participant to the identifiable information will be in a secure database (RedCAP) and only limited
research personnel will have access to this information to help protect participants’ personal information.
Please see our HIPAA Waiver, which is in eIRB.

13. Data analysis and Management*
Overall Data Management:

Each participant enrolled in this study will receive a participant ID to ensure that limited personal information
of our participants is not accessed unnecessarily. Our study team, including the study PI, will meet with an
independent monitor quarterly to ensure adequacy of human subject’s protections, including participant
privacy.

For all patient participants, sociodemographic, clinical, laboratory, and medical care information will be
abstracted from records into a web-based centralized data repository, which was developed and is being used
in SAGE-AF. As in our prior studies, we will abstract data on history of TIA/stroke, stroke severity, and
clinical variables necessary to derive the CHA,DS,VASc (stroke) risk scores. We will abstract use of
medications (e.g., beta-blockers) known to influence vulnerability to AF. Data from health records will be
imported to our data repository as in the SAGE-AF study.

Data streams will be merged into the Pulsewatch master database that will include audio and digital
information from focus groups, exit interviews, and questionnaires. AF rhythm status will be determined
based on ECG data, and summary reports will be stored in the Pulsewatch master database utilizing our data
system architecture similar to that used in SAGE-AF. Data acquisition and quality control processes will be
the same. Unique, password-protected, registry websites assure consistent staff identification at entry. A data
collection manual with coding instructions for each data item in SAGE-AF has been developed and will be
updated for Pulsewatch.
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Questionnaires will be available in a digital format on password protected iPads (using the REDCap system)
as well as on paper copies. All laptops, desktops, and iPads that we use in this study will meet the UMMS
encryption policy. All digital data will be password protected and encrypted so that only research personnel
can access stored data using the REDCap system. All paper questionnaires, consents, etc., will be stored in a
locked secure UMMS space. ECGs will be sent to the AliveCor Kardia Pro platform, a secure provider ECG
management system. The AliveCor Kardia Pro platform is a HIPAA-compliant, HL7 compliant service used
by the Cleveland Clinic and other services for clinical grade ECG storage and analysis. This protocol protects
participants’ confidentiality in addition to the robust means of data encryption and password protection.

Cardiac Insight patches have a module chip inside the sensor that stores the data being collected over the 14-
days. Participants will be asked to bring back both patches at the end of the 14-day monitoring period to
collect those modules for data collection. A trained study staff will remove the modules and place them into
the Cardiac insight smart cable to be uploaded to a UMass Medical School server. The module will be labeled
with the participants ID # and stored in a locked cabinet. The report will be read by a blinded Cardiologist
for review. Details about the Cardiac Insight system can be found in the FDA approved Letter in eIRB
(K162503 Cardiac Insight FDA) for the IRB to review. Similar to the watch pulse and ECG data, the Cardiac
Insight ECG data will be uploaded to the same secure server managed by UConn’s information technology
services. The data will not be transmitted with participant name, DOB, or MRN.

Smartwatch Data:

We will reduce the potential for false positive AF
detection from corrupted (MNA) or low amplitude
(poor contact) PPG data using two methods. First, the
Pulsewatch app will send a message to participants to
remain still and perform a 30-sec ECG self-check
(wrist electrode, high accuracy) should they have an
AF episode detected. The second approach involves the
cancellation of cyclical frequencies, seen in
accelerometer data, from the PPG signal. This
approach was recently developed in our lab and should
allow us to use segments such as shown. We
demonstrate this MN correction performance via a
representative result from offline analysis of raw
Samsung watch data.(Looking at the figure above, the
top panel of shows the comparison of our MN
correction algorithm (green line) on raw data vs.
Samsung’s own embedded motion artifact correction algorithm (brown line). The black line is the reference heart rate from
a 5-lead ECG. The bottom panel shows the raw PPG data recorded from the Samsung watch, and note MN artifacts starting
at 100 seconds. The data were recorded during treadmill exercise (first 300 seconds), followed by 30 seconds of cool down,
as well as with arm movements (up and down and shaking) on the side of the smartwatch. Despite the severity of the MN
artifact, the estimated heart rates calculated by our algorithm closely follow the reference (black line) heart rates. Thus, these
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2 approaches can be effectively used to recover some data segments contaminated by MNA or by poor signal quality and
correctly identify the presence or absence of AF. Once MN artifacts have been corrected, we will look at patterns to analyze
pulse waveforms for AF detection, including discrimination of PVCs and PACs. The MNA and AF algorithms will be
embedded using Samsung’s Vobio API. Based on our pilot, we estimate 50% usable data during active periods and 90%
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during rest. The majority of the user's day will be at rest (sitting or sleeping), as older stroke patients typically perform limited
exercise.

To fine tune and maximize the accuracy of our MNA algorithm, we will use data collected on AF subjects (Aims 2 and 3)
using the Pulsewatch system. We will compare the performance of our MNA algorithm using the Pulsewatch signal to the
simultaneous gold-standard Cardiac Insight patch. The data analysis and statistical evaluations will be similar to our recently
published article on our MNA detection/reconstruction algorithm, but will also involve calculation of absolute error of the
estimated heart rate via our algorithm to the reference Holter ECG-derived heart rate. Moreover, we will calculate sensitivity,
specificity and accuracy of AF detection using our algorithm when compared to Cardiac Insight patch data.

AF Detection Analysis:

Analysis for the study focus on the performance of daily wear of the Pulsewatch system for 9 hours compared
to standard Cardiac Insight patch monitoring over the course of 14 days. We will examine the system’s
accuracy for pAF identification as well as estimation of AF burden. A participant will be classified as having
pAF or not at the end of the 14-day monitoring period based on the gold standard monitor. Data from the
Pulsewatch is divided into 30-second segments for analysis and a positive reading will be defined as AF
being detected in at least 7 out of 10 continuous data windows (5 minutes). The total number of positive
readings collected over 14 days from Pulsewatch will be used as the independent variable in a logistic
regression to predict the binary outcome of pAF (yes vs. no). The area under the receiver operating
characteristic (ROC) curve (AUC) will be calculated based on the results from the logistic regression to
evaluate Pulsewatch performance for pAF screening. From the ROC curve, we can identify the cutoff point
of total number of positive readings that produces the highest sensitivity and specificity combination.

Preliminary data suggest that Pulsewatch will have sensitivity, specificity and AUC of at least .9 to detect
pAF. Similar analysis will be conducted using the % of positive readings among all readings collected from
each participant as the independent variable. The 95% confidence intervals (CI) of the AUC will be calculated
using formula given by Hanley and McNeil. We will then conduct exploratory analyses to examine whether
characteristics affect watch performance over 14 days. For example, we will compare the area under 2
independent ROC curves of female vs. male participants (or vision impaired vs. not) using a chi-square test.
At the end of 14-days we will review the data of 45 participants in Aim 2 intervention and see what % of
participants have AF. If we see less than 5% of all participants using the devices have AF, we will have an
adaptive protocol for analysis. We would ask participants to extend their use of the devices for an additional
14-days and continue to monitor the participants for potential AF cases. Their follow up assessment for
participants in Aim 2 of Part I would be at the end of the 28 days if we take this approach.

Usability Analysis:

We also aim to examine whether participant characteristics (e.g., demographics, level of technology use,
cognitive impairment, etc.) affect usability and adherence of the Pulsewatch system. Usability will be
examined by semi-structured interviews, investigator generated questions regarding user experience, and the
System Usability Scale (SUS), a validated instrument for perceived system usability. Investigator generated
questions will have responses in a 5-point Likert-like scale, and ordinal regression will be used to evaluate
participant characteristics that may be associated with more favorable responses regarding usability of the
Pulsewatch system. The SUS score ranges between 10 and 100, and linear regression will be used to examine
the participant level factors that are associated with higher SUS scores. Logistic regression will also be used
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to examine whether certain participant factors are associated with having a SUS score of over 68, the
acceptable cut off being deemed as a highly usable system.

Adherence Analysis:

In Aim 3 of Part II of the study, adherence will be operationalized to determine whether pulse recordings
were present on each day over the 30-day period. We will examine whether participant characteristics, e.g.,
sex, cognitive impairment, or stroke-related quality of life, affect the likelihood of adherence over the 1-
month study period. We will use a mixed effects logistic regression model, including the participant as the
random effect to capture the correlation among repeated measures from the same participant, using
participant characteristics as the fixed effects, and a binary indicator of daily adherence as the dependent
variable. We will also examine the adherence time-trend by including time (day) as a fixed effect in the model
and participant as a random effect to estimate the slope of adherence over time. To examine whether the time
trend varies by participant characteristics, we will include the interaction between characteristics and time in
the model so that the slope of adherence over time can be estimated for each category of participant
characteristic variables and be compared among the categories (e.g., pAF diagnosed vs. no pAF). Secondary
analyses will examine rates of adherence to Pulsewatch ECG prompts and will compare Pulsewatch users to
the usual care group with respect to stroke-related quality of life, anxiety, and self-activation. We will
calculate the change score between baseline and 1 month as a dependent variable. First, a t-test will be used
to compare 2 study groups on the change score. We will use a linear regression model, which will include
group indicator (Pulsewatch users vs. usual care) as the independent variable and possible confounders (e.g.,
medication adherence and participant demographics) as covariates, to estimate adjusted group differences on
the change scores.

14. Provisions to Monitor the Data to Ensure the Safety of Subject*

Please review the Data Safety Monitoring Plan (DSMP) in the eIRB for a detailed description regarding
human subject’s protection.

This plan recognizes the nature of Part II of this study as a clinical trial and this Part involves more intensive
data safety monitoring, including involvement of an independent monitor, Dr. Steven Lubitz. The plan has
been reviewed and approved by the Director of the Quantitative Methods Core, Dr. Bruce Barton, who has
extensive expertise in the design and conduct of clinical trials.

As outlined in the DSMP, we will employ an adverse event reporting system (see DSMP Report template in
eIRB) that will be reviewed by the PI and the independent data study monitor to ensure safety of all enrolled
participants. However, we have provided an overview of our analysis and management plan herein. For any
incidental findings, the PI will review the recording of the pulse/ECG data and make a clinical decision; if
necessary, the PI then will contact the participant’s treating physician to report the findings and recommend
follow-up plans. In the unlikely event of incidental findings during Part I, the PI will be contacted if he is
not present.

All recruitment and training will be conducted by trained personnel who are certified according to our study
protocols, which include training in procedures for recruitment in the clinical environment. Modeled on the
PI’s ongoing studies, medical record review protocol uses “gold standard” medical records and requires that
each abstractor satisfactorily complete 10 practice cases before certification. We will have ongoing data
quality control checks via audited interviews and medical records abstracted in duplicate for 5% random
samples. If error rates are too high, we will retrain staff and increase quality control sampling until the rates
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decline to acceptable levels. We will continue our ongoing quality control measures with dynamic range and
consistency checks, missing data surveillance, and error tracking.

All study participant Pulsewatch ECG recordings (both from the 14-day monitor and individual AliveCor
ECGs) will be manually reviewed by trained study staff under the direction of the PI. Two readers, blinded
to the determination of the automated rhythm analysis, will review ECG data and code sinus rthythm, AF, or
other arrhythmias (e.g., premature atrial beats) using standard criteria. In cases where there is disagreement
with respect to rhythm, the PI will review the tracing to obtain consensus. ECG data will be reviewed within
3 days by a study cardiologist. If cases of AF are detected on manual review or if a participant calls the study
hotline to report a new health concern, the research coordinator will notify the participant’s primary
healthcare provider, cardiologist or neurologist and assist in arranging a follow-up. Providers will be given
the PI’s contact information to arrange care or to speak with a cardiologist familiar with the Pulsewatch
protocol.

All of the Cardiac Insight patch monitoring data will be de-identified using alpha-numeric study IDs. The
ECG data from the cardiac monitor will be uploaded to a secure server (UMMS) and downloaded for
interpretation. The ECG data from the cardiac monitor will also be uploaded to the secure UConn server and
downloaded in order for UConn to compare their PPG data from the smartwatch to the ECG data from the
cardiac monitor. Only Dr. Fitzgibbons and the UMass research staff will have access to the code linking the
subjects to study IDs. The study cardiologists will review any arrhythmias on the cardiac monitoring device
for accuracy. If any arrhythmias are detected, then Dr. Fitzgibbons will notify the participant’s treating
clinician.

We will report any issues to the UMMS IRB in accordance with the Investigator Manual and Prompt
Reporting Requirements.

We will have independent data safety personnel who will evaluate the process of ECG review and reporting
as well as any adverse events related or unrelated to study participation. Please see resource available section.

The PHQ-9 and GAD-7 in the questionnaire are the only instruments that require monitoring and a UMMMC
Protocol plan has been submitted with this IRB application. Per our protocol, if study staff detect high PHQ-
9 and/or GAD-7 scores, they will suggest that participants discuss their symptoms of depression and/or
anxiety with their doctors and/or the trained personnel at the UMMMC Emergency Mental Health hotline
(508-334-3562). Study staff will be fully trained to note that the checkbox on the cover page of each
questionnaire will remind them to follow the extreme emotional distress protocol when warranted.

15. Withdrawal of Subjects without their consent

Participants, including patients, caregivers and providers, will be able to withdraw from the study at any

time. Participants will be withdrawn from the proposed study if they are unable or unwilling to wear the

smartwatch and are found to meet exclusion criteria. At that point, they will be informed of why they are
being removed from the study and given an opportunity to ask questions.

16. Risks to Subjects

No more than minimal physical risks will be involved with this study. First, use of a smartphone or
smartwatch does not pose any significant health concerns. Use of a single-lead, FDA-approved,
commercially available ECG device (AliveCor) does not require placing of electrodes on the human body
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and does not pose any physical risk. The Cardiac Insight monitor poses no more than minimal risk, but the
monitor may cause skin irritation at the site of application. Prior to approaching patients, we will be
screening to ensure that the patient does not have any contraindication to be using the Cardiac Insight patch
as listed under exclusion criteria (see section 6). This poses no significant risk to participants since this is
the standard device used in clinical practice.

Another potential but minimal risk to participants is feeling psychologically uncomfortable disclosing
sensitive information (e.g., depressive symptoms) or performing geriatric assessments (e.g., assessments of
cognitive function) while answering questions during the interview process at baseline/follow up visits.
Depressive symptoms will be collected as part of the interview and there is the possibility that emotional
distress or depression will be identified. There is no risk of extreme stress as a result of participants
answering these questions. All study staff interacting with participants will be trained to detect when a
participant is feeling uncomfortable and will re-iterate that the participant can stop an interview at any time
and can refuse to answer any question for any reason.

Another risk to participants will be the possibility of a breach in confidentiality. However, we will try our
best to protect participants’ confidentiality to minimize the risk (see data safety plan). All participant data
will be held behind secured firewalls at UMMS. As noted in Section 12, ECG and pulse data from all
smartphones and watches, as well as ECG data from the Cardiac Insight cardiac monitors, will be sent to a
secure server managed by UConn’s information technology services. The data will not be transmitted with
participant name, DOB, or MRN.

Access to databases will be restricted to only authorized personnel. We will utilize all electronic data
capture procedures and, therefore, no paper records will be kept long-term. Any paper records (such as
medical record information) that are needed for the study will be destroyed immediately following entry
into electronic databases. All consent and other forms that are required to be kept will be kept in a locked
file cabinet in locked study offices.

17. Potential direct benefit to subjects

There are no direct benefits to the subjects.

18. Vulnerable populations

We will not be targeting vulnerable populations; all participant must have capacity to be able to consent.
Please see the protocol for determination process of capacity to consent.

Providers may be seen as a vulnerable population and we will have a protocol in place for recruiting them to
minimize the potential for undue influence. Please, refer to section 24. Local Recruitment Methods to review
this protocol.

19. Multi-site research

NA. Not a multi-site study

20. COMMUNITY-BASED PARTICIPATORY RESEARCH*
NA. This study is not a community-based research.

21. SHARING OF RESEARCH RESULTS WITH SUBJECTS*
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Study results will not be directly shared with participants unless a rhythm abnormality is diagnosed based on
their AliveCor ECG or Cardiac Insight patch monitor results. See section 11. Procedures involved (Part II,
specifically) for the protocol involving the PI having to contact a participant or participant’s clinician about
an abnormal rhythm when detected.

22. SETTING

Research assistants will enroll participants with a history of stroke and/or TIA from among those presenting
for a clinic visit or to the inpatient service or who have a CHA,DS,-VASc score > 3. Embedding this project
in the UMMMUC neurology and cardiology inpatient and ambulatory clinics will facilitate recruitment.”® In
the stroke clinic alone, four neurologists see over 500 patients with cryptogenic stroke/TIA yearly. Dr. Majaz
Moonis (Co-I) has had high success conducting research within this clinic.

We will also enroll up to 10 UMMMC providers (half cardiologists or neurologists, half nurses/nurse
practitioners) with experience treating patients with cryptogenic stroke who need AF monitoring.

We will be holding focus groups in a comfortable conference room at UMMS. Any questionnaires, exams,
interviews or study appointments will be completed in a private, comfortable room in the UMMS Clinical
Trials Center located in the ACC Building. If this center is not available, we will have another private and
comfortable area for participants to complete all study protocols here at the UMMS University campus.

During COVID-19 restrictions, questionnaires and study appointments will be completed via a phone call or
a secure teleconferencing system, like Zoom, whichever is more convenient for the participant.

23. RESOURCES AVAILABLE

The study will be led by investigators with extensive experience working with stroke and AF
patients. All neurologists/cardiologists, and research coordinators/staff will ensure that regulatory
paperwork, such as consent forms and patient confidentiality, are used appropriately.

All recruitment and training will be conducted by trained personnel who are certified according to
our study protocols, which include procedures for recruiting study participants in the clinical
environment. Modeled on the PI’s ongoing studies, our medical records review protocol uses
“gold standard” medical records review methods, and requires each abstractor to satisfactorily
complete 10 practice cases before certification. We will have ongoing data quality control checks
via audited interviews and medical records abstracted in duplicate for 5% random samples. If
error rates are too high, we will retrain staff and increase quality control sampling until errors
decline to an acceptable level. We will continue our ongoing quality control measures with
dynamic range and consistency checks, missing data surveillance, and error tracking.

Rhythm diagnoses will be determined based on self-initiated or auto-triggered ECG tracings from
the gold-standard Cardiac Insight patch monitor. Two readers, blinded to the determination of the
automated rhythm analysis, will review all time-stamped monitor recordings and code sinus
rhythm, AF, or other arrhythmias using standard criteria. In cases where there is disagreement
between the 2 primary interpreting cardiologists with respect to thythm, a 3™ physician will
review the tracing to obtain consensus.

Personnel Resources are as follows:
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The PI: Will be responsible for the direct efforts of the research project and meeting with research
coordinators/mangers weekly during the study period. In addition, the PI will adjudicate ECG
recordings and, if arrhythmias are detected, will notify the participants’ treating clinicians.

Co-I’s: Will provide study management, quality assurance, staff oversight, study progress,
diagnostic adjudication, data presentation, and preparation of quarterly and annual progress
reports. The Co-Is will be available after hours to support research coordinators.

Project Manager: This individual will not be primarily responsible for study enrollment, but will
instead take an administrative role and have prior experience managing research staff and
overseeing day to day operations and enrollment activities of this research project. She will
supervise study progress (enrollment, chart reviews, etc.), maintain records of such progress, and
communicate any concerns with the Co-PI’s. She will arrange regular meetings with the Co-PI’s
and the research staff.

Research Coordinators: These individuals will be required to have at least an associate’s degree
and 6 months of either clinical research or patient care experience as they will be responsible for
direct participant enrollment/consent and assisting with chart reviews. They will have completed
their CITI certification. They will be trained by the PI’s and/or project manager to learn the
medical terminology, chart review methodologies, enrollment protocols, and how to interact with
clinical staff. In addition, they will also be trained to enter clinical data into a custom REDCap
database. The coordinators will be responsible for contacting any potential provider participants
and recruiting them.

Biostatistician: There is a budgeted position for a statistician to work on this project. This
individual will be responsible for reviewing the study’s data calculations and power calculations
that are needed to achieve the goal of this study.

Research Staff/Research Assistants (RA): We will develop a manual of operations (MOO) for
this study and require that all staff are familiar with this study. We will train all staff on enrollment
procedures and will observe 3 enrollments prior to having them work independently to approach
patients. The RAs will also be responsible for assuring the proper protocol is followed for the
audio recordings obtained in any focus group/interview.

Educating Clinical staff: The study protocol will be vetted with attending neurology/cardiology
physicians and staff (residents, nurses, and MD faculty) in several ways. As part of our monthly
faculty meetings, the PI will present the study to faculty and provide study updates and
opportunities to ask questions.

Independent Data Monitor: This person will be responsible for reviewing smartwatch adherence
data. The monitor will be an independent party who is not from UMMS, who is classified as non-
investigator personnel, and who is familiar with the data safety monitoring plan.

Engineers and app programmers: Will be present at the Hack-a-thon event to work with
patients and providers on implementing real time edits to the app as suggestions are mentioned
throughout the event. The UConn team has ceded to UMass IRB in order to be able to participate
in research activities with UMMMC patient participants.
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If study staff who have primary affiliations outside of UMMS will interact with subjects or access private
identifiable information about them, they will either obtain their own IRB approval or we will work with the
UMMS IRB to establish a reliance agreement for UMMS to serve as the Reviewing IRB. Collaborators from
UConn and Northeastern University have already completed this paperwork.

24. Local Recruitment Methods

Part I: Trained research assistants (RAs) will screen the UMMMC neurology and cardiology rosters for
patients, then will send introductory letters to eligible patients who meet inclusion criteria and are free of any
exclusion criteria. Letters of introduction to the study (Patient FG Invitation in eIRB submission) will be sent
to eligible patients 5-7 days before their scheduled clinic visits with an opt-out phone number for patients
who do not wish to be approached for study participation. Dr. Keaney, Chief, Cardiovascular Medicine, will
sign this letter. RAs will approach patients in the UMMMC out-patient clinics. If patients are interested and
deemed capable (using the capacity assessment), then they may be enrolled in the study by signing the IRB-
approved informed consent form. Caregivers who accompany a loved one to clinic will also be approached
for consent to participate in focus groups. Before approaching patients and their caregivers, RAs and study personnel
will be trained on how to explain all of the study’s components to potential participants.

We will give the Hack-a-thon Fact Sheet (see Fact Sheet: Patient and Provider Hack-a-thon in e[RB submission) to all focus
group participants. We will also ask participants at the focus groups to fill out a form to indicate if they would like to be
contacted about participating in the Hack-a-thon (see Hack-a-thon Contact Info sheet in our eIRB submission). A study staff
member will call participants who indicate they are interested in participating in the Hack-a-thon, and to disclose that
participants have the right to opt-out of this event.

Ten providers will be identified from the UMMMC neurology and cardiology groups for focus group or
interview participation. We will approach physicians and advanced care nurses via email or telephone (see
Provider email and telephone invitation script with this IRB submission). Providers will be given an IRB-
approved Fact Sheet (in e[RB submission). The study coordinator, not the PI or Co-Is, will recruit providers
affiliated with UMMMC to minimize the potential for undue influence. The study coordinator will explain
to providers that their decision to participate or to not participate in the study will not affect their employment
status at UMMMC.

Part II: We will use a rolling enrollment and randomization design with a goal of 90 participants completing
the Aim 2 intervention and 30 participants completing the Aim 2 control group procedures (up to n=120 in
the trial). To enroll patients who are admitted to UMMMC, RAs with access to the UMMMC neurology
inpatient roster and cardiology/neurology ambulatory clinic schedules will screen the rosters daily to identify
potentially eligible patients. We will screen any patient admitted with stroke or TIA to the neurology service
(identified from the inpatient neurology roster admitting diagnosis) or presenting with a complaint potentially
related to stroke (e.g., facial droop) and evaluated by the stroke service. For potentially eligible participants
in whom the diagnosis of stroke/TIA is suspected (e.g., focal weakness), but not yet listed as a diagnosis, a
neurology consultation note or history and physical examination documenting stroke/TIA will be needed to
confirm eligibility. We will also screen cardiology patient rosters for any ambulatory patients who could have
a CHA,DS,-VASc score > 3 by looking at their medical problem list or provider notes.

Patients who are admitted to the neurology/cardiology units at UMMMC will be considered eligible to
participate if they meet all of our inclusion criteria and are free of exclusion criteria. They will be approached
by the study staff before they are discharged from their inpatient stay. The study staff will approach the
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patient’s clinical team prior to entering the patient’s hospital room for approval to approach the patient for
this study. Study staff will present information to the patient about the study, including the randomization
process, and will perform an assessment of the patient’s capacity for informed consent. Study staff will
demonstrate the features of the Cardiac Insight monitor, smartwatch, and smartphone/app and then allow the
patient to ask questions about the devices. We will involve family who are present in the patient’s room to
answer their questions about the study. Patients will be given the opportunity to consider participating in the
study until their day of discharge from the hospital. If the patient consents to participate, study staff will
administer the baseline questionnaire. Study staff will also place the cardiac monitor on the participant’s
chest by following the Cardea Solo Quick Start Guide (submitted to eIRB). We are not altering usual care,
and the devices should not be uncomfortable to wear. The participant will be given guidance on how to use
the devices and the process for baseline compensation. We anticipate the explanation of the study and consent
procedure in the inpatient cohort will take < 30 minutes.

Research assistants will also screen ambulatory patients with a history of stroke or TIA in their problem list
or medical history. For ambulatory patients, letters of introduction to the study will be sent to eligible patients
5-7 days before their scheduled clinic visit with an opt-out phone number for patients who do not wish to be
approached for study participation. We have successfully used a similar approach in other studies. This
invitation letter is enclosed in our application packet.

The consent will include permission for follow-up contacts and medical record review, and will also request
access to identified proxies, who would be able to help us contact patients in the event they change practices
and do not follow up at UMMMC. We will offer modest incentives for recruitment and retention in
Pulsewatch: T-shirts and/or bags and/or pens with Pulsewatch logos offered at recruitment and mailed during
follow-up.

All participants will be brought back for a study visit approximately 14 days after enrollment. This visit will
take place in a research area that is private and comfortable. There, participants will return both of their patch
monitors, smartwatch, and smartphone, and will complete a questionnaire. From the 120 participants in both
the Aim 2 intervention and control groups, we will randomly select up to 60 participants to be offered an
opportunity to self-monitor at home using the Pulsewatch smartwatch/smartphone for 30 days, as well as the
AliveCor ECG recording device. The 60 participants who are randomized into the control arm of Aim 3 will
not be offered the opportunity to self-monitor with any device. At the completion of the 30 days, participants
in Aim 3’s intervention group can either return for a follow-up visit to return all equipment and complete the
44-day follow-up questionnaire, or can return their devices through a prepaid package and complete the 44-
day follow-up questionnaire over the phone. Participants in Aim 3’s control group will have a choice to
complete their 44-day follow-up questionnaire either in person or over the phone. All participants coming
back for an exit interview in Part II of the study will be sent a Fact Sheet reviewing all the details of the
process (Fact Sheet: Part II Exit Interviews in eIRB submission). Upon receipt of the study equipment and/or
the 44-day questionnaire, the study team will compensate the participants.

Compensation will be given as an incentive. All patients and caregivers who participate will be compensated
for their time and efforts in the study as shown in the table below. Providers will not be compensated for
participating.

Participant Sub-groups Compensation Time Earned
Amount

Part I: Focus Group $60.00 gift card After completing the focus group
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Care-givers $60.00 gift card After completing the focus group
Part I: Hack-a-thon $15/hour gift card After completing the Hack-a-thon event
Aim 2: Control group $100.00 gift card After completing the baseline interview
$100.00 gift card After completing the 14-day follow-up visit
Aim 2: Intervention group $100.00 gift card After completing the baseline interview
$100.00 gift card After completing the 14-day follow-up visit
$60.00 gift card Participants who complete exit interviews in
Part II
Aim 3: Control group $50.00 gift card After completing the 44-day follow-up
questionnaire
Aim 3: Intervention group $50.00 gift card After returning the study devices and
completing the 44-day follow-up
questionnaire

Before the focus groups or the Hack-a-thon are held, we will inform all participants that they will receive
parking passes if they park in the Visitor Parking Lot to attend these events. Valet parking uses a different
voucher that our study is not purchasing at this time.

To help with participant retention, the study team may contact participants by phone or mail to remind them
of upcoming visits or to check in and see how participants are doing, particularly in Part II. The study team
may also contact participants by phone or mail if it implements the adaptive design (due to low rates of AF)
in which participants are asked to extend wearing the devices for longer than the initial 14-days. Any letters
will be submitted to the IRB as a Modification for review and approval prior to use.

COVID-19 Modified Local Recruitment Methods

During COVID-19 restrictions, we will screen both the cardiology and neurology ambulatory care clinics to
identify eligible patients. When eligible patients are identified, they will be sent our COVID-19 modified
patient invitation letter 7-14 days prior to their scheduled appointment. As with our normal, IRB-approved
patient invitation letter, there will be a number listed for the patient to opt-out of being contacted for the
study. A day prior to their scheduled appointment, a study team member will contact the potential participant
to assess interest in the study. If the potential participant agrees to participate, we will follow the consent and
enrollment procedures outlined in Section 11: Procedures Involved.

25. LOCAL NUMBER OF SUBJECTS
There will be a total of up to 170 participants in this study.
Part I: Up to 40 out-patient stroke participants or caregivers and 10 providers.

Part II: Up to 120 participants, including 30 in the Aim 2 control group and 90 in the Aim 2 intervention
group. Of the 120 participants in both the Aim 2 intervention and control groups, 60 will be invited to
participate in the intervention arm of Aim 3 and use the devices for 30 days. At the 14-day follow-up visit,
the other 60 participants randomized into the control arm of Aim 3 will be invited to complete a questionnaire
in person or over the phone at the end of 30 days.
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In order to obtain 170 participants who complete the research, we may over enroll or replace participants
who drop out.

Adaptive enrollment design (Part 2): If we struggle to identify sufficient numbers of eligible participants
from the inpatient stroke service or clinics over the first 6 months of enrollment (<50% targeted enrollment),
we will employ an adaptive design and approach patients presenting to UMMMC out-patient and in-patient
cardiology and/or neurology clinics who have high risk for atrial fibrillation and stroke on the basis of a
CHADSVASC score >=2. Furthermore, If we struggle to enroll a sufficient number of participants from the
UMMS University campus, we will recruit at the stroke treatment centers at UMass Memorial - Health
Alliance Hospital in Leominster, MA, and at UMass Memorial - Marlborough Hospital in Marlborough, MA.
The PI has actively sought approval from these sites to approach patients from these locations in order to
meet study enrollment goals.

26. CONFIDENTIALITY

Trained RAs will use Subject IDs for all the data collected from participants to limit the use of the
participants’ personal information. Information will be collected via the UMass EHR system for screening
and basic demographic information. The data collected at the focus groups/exit interviews will be recorded
but then transcribed later and the recording will be deleted. Please refer to section 13 for more details
regarding confidentiality of data and management.

The audio recordings of the focus groups/exit interviews will be deleted after the recording has been
transcribed and checked for quality. The transcription will be kept in the secure database of REDCap.

27. PROVISIONS TO PROTECT THE PRIVACY INTERESTS OF SUBJECTS

All PIs and research assistants/coordinators will complete CITI training to understand the necessary measures
to protect personal identifiers and reinforce the importance of sound ethics in conducting this research study.
The study team will also search for the best and most private setting in the UMMMC environment to help
participants feel at ease with the study and explain that their information will be protected. Participants will
also be told they have the right to refuse to answer any questions they feel uncomfortable answering or/and
the right to refuse to be in this study.

a. PI- Will have ongoing access to REDCap clinical data for data integrity and
Q/A checks.

b. RAs/Research coordinators will have access only to EHR data, and study data they are entering
into REDCap.

c.  We will request a waiver of HIPAA authorization in order to do preliminary EHR and clinical
record searches to determine if patients are eligible for study enrollment based on our inclusion
and exclusion criteria. A signed HIPAA form will be obtained once a patient is enrolled and able
to sign the form.

d. A biostatistician/database manager will be given access to clinical data that does not readily
identify subjects by name for data analysis.

e. Independent monitor will review deidentified safety, adverse events, and study reports (see
DSMP)

28. COMPENSATION FOR RESEARCH-RELATED INJURY
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This study involves research procedures that are considered minimal risk; no funds have been set
aside.

29. ECONOMIC BURDEN TO SUBJECTS

There is no economic burden to subjects because of participating in this research. Study funds will be
providing all of the devices at no cost to participants.

30. CONSENT PROCESS

Prior to enrolling participants, the study team will have a training session. This training session will focus on
all study aspects but particularly to ensure that all study staff are familiar with and will follow HRP-802
INVESTIGATOR GUIDANCE: Informed consent. We will be obtaining IRB-approved informed consent
and HIPAA authorizations from all patients who are participants in Part I and Part II of this study. Participants
who are caregivers and providers will receive a fact sheet instead of signing an informed consent form - this
recommendation for the IRB is because the study team does not need any health record information from
these participants to take part in our study procedures.

It is important to obtain HIPAA authorization from the patients who become participants in order for the
study team to have access to certain aspects of their EHR. Information such as demographics (age and sex),
related medical information like family history, current and past medications or therapies, and information
from physical examinations will help the team understand the type of population in this study. For example,
medical notes on physical exams can describe how much patients may be able to move their arms; this will
help us assess if we should approach patients who have very limited arm movement since our study asks
participants to wear a watch. In addition, this information will help us capture the severity of our participants’
physical and medical limitations. We will also need this information for patient participants in the focus
groups because we would like to be able to compare these participants to the Part II participants who will be
using the Pulsewatch System.

After RAs identify a potential participant and explain the study, RAs will ask the potential patient participant
to read, sign, and date the consent form. If a caregiver is present, then a fact sheet may be given to them
regarding more information about participating in the focus groups. If patients or caregivers want more time
to decide whether to participate in the study, RAs will provide them with the study phone number (774-455-
3799) on which they can call us. Part I and Part II of the study will have a separate consent form because
each part requires different types of participation. In part I, we will have a consent form for eligible patients
to participate in the focus groups.

The research coordinator will be responsible for contacting providers who have expressed interest in this
study. The coordinator will inform all potential provider participants that this study is completely voluntary
and will not affect their status as employees of UMMMC or UMMS. If providers wish to opt-out, they may
directly contact that study team and/or coordinator.

In Part II, we will have one consent form that outlines the randomization trial method and what patients will
be required to do to participate in the study.

We will only use IRB-approved stamped consent forms.
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During COVID-19 restrictions, since we will not be meeting the patients in person to obtain their informed
consent form and HIPAA authorization signature, we will instead send them a COVID-19 specific informed
consent form. This form will be extensively reviewed with the patient over the phone to obtain their informed
consent, and their acknowledgement to disclose protected health information.

31. PROCESS TO DOCUMENT CONSENT IN WRITING

Written informed consent will be given to participants who are patients (not caregivers or providers, who
will receive a Fact Sheet). All study staff members who a part of this study will be trained properly and have
a complete understanding of all study related documentation in order to help answer any questions
participants may have. The approaching staff member will assess the capacity of the patients to consent; we
have submitted to the IRB a “Capacity for Informed Consent” form that can be used. We anticipate that due
to the study selection criteria (older patients), some patients will not be able to provide informed consent.
Thus, all patients will be assessed for their understanding of the study, the risks and benefits associated with
the study, the voluntary nature of participation, and the confidential nature of all study data. If patients answer
3 or more questions out of 8 incorrectly, they will be deemed unable to provide informed consent and
excluded. Safeguards will be put into place to protect the rights of cognitively impaired participants.

For caregivers and providers, we will obtain informed consent via an unsigned fact sheet given to them prior
to study visits.

All participants who sign the consent form will be given a copy to keep for their own records. The study team
will keep the original copy of the signed consent forms in a locked cabinet in a locked room. The study team
will also make another copy and send it to UMMMC Medical records to be kept on file for each patient who
participates in the research.

Please see Section #30: Consent Process for information regarding consenting patients during COVID-19
restrictions.

To minimize patient burden during this time, we are requesting a waiver of documentation of written consent
for subjects. We attest that all of the following are true:

e  The research involves no more than minimal risk to the subjects.

e The research involves no procedures for which written consent is normally required outside of the
research context, and all study activities are conducted over the telephone or Zoom.

e  Subjects will be provided a written statement including the elements of consent (described on the
COVID Informed Consent Form).

32. DRUGS OR DEVICES

This study will use only commercially available devices (Samsung gear, Android smartphones) or FDA
approved devices (AliveCor Kardia Mobile device and app). Part II participants will use the AliveCor
Kardia Mobile devices and smartphones that will only run the AliveCor app (FDA approved for single-lead
ECG recording) and the Pulsewatch app. A gold-standard, commercially available (Cardiac Insight Cardea
Solo) monitoring technology will be deployed and used by all Part II participants. We have enclosed a copy
of the FDA approval letter for both AliveCor and Cardiac Insight into this submission. In addition, we have
also enclosed a copy of detailed information regarding these devices for any review.
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The mobile device application (Pulsewatch App) that will be developed in this study at the end of Part I is
not commercially available nor FDA approved. This application (Abbreviated IDE) is only to be used with
participants of this study. For this reason, we would like to document the following:

i. The device is not a banned device;
ii. The device is not intended as an implant that presents a potential for
serious risk to the health, safety, or welfare of a subject;
iii. The device is not purported or represented to be for a use in supporting or
sustaining human life that presents a potential for serious risk to the
health, safety, or welfare of a subject;
iv. The device is not for a use of substantial importance in diagnosing, curing,
mitigating, or treating disease, or otherwise preventing impairment of
human health that presents a potential for serious risk to the health, safety,
or welfare of a subject; and
v. The device does not otherwise present a potential for serious risk to the
health, safety, or welfare of a subject.
vi. The device will be labeled in accordance with 21 CFR 812.5.
vii. The Pl as sponsor will
1. Comply with the requirements of 21 CFR 812.46 with respect to
monitoring investigations
2. Maintain the records required under 21 CFR 812.140(b) (4) and (5)
and make the reports required under 21 CFR 812.150(b) (1)
through (3) and (5) through (10)
3. Ensure that participating investigators maintain the records
required by 21 CFR 812.140(a)(3)(i) and make the reports required
under 21 CFR 812.150(a) (1), (2), (5), and (7)
4. Comply with the prohibitions in 21 CFR 812.7 against promotion and other
practices
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CHAPTER III: USABILITY OF A SMARTWATCH FOR ATRIAL
FIBRILLATION DETECTION IN OLDER ADULTS AFTER STROKE

APPENDIX

CONTENTS

- Device use guide provided to all participants upon enrollment (p. 144 — 148)
- Supplemental table: Participant demographics by high vs low usability (p. 149 — 150)
- Supplemental table: Qualitative scheme for in-depth usability interviews (p. 151 — 153)
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User guide for participants:

Pulsewatch Phone:

gt ) / Power Button
+ Hold down button to power phone on or off

Volume Buttonsi 9 . 22 -
s O + Press button once to lock or unlock the phone while on

FileTransfer-
Receiver Pulsewatch

: These are the only apps that are a part
Home Button: Press this button to return to of the Pulsewatch system.
your main screen (shown in picture).

If your phone does not have this button, it will
have a white square at the bottom of the
screen. That is your home button.

File Transfer-Receiver App: This is the app that allows the data from
» the watch to connect to the phone.

-If your phone turns off, please open this app when you turn the phone

FileTransfer- back on.
Receiver

Pulsewatch App: This is the app that will show you your heartrate
data. Open this app to view your history for 24 hours, 7 days, or 1
month. This app will also allow you to log a symptom and see your
results from the watch.

Pulsewatch -Please open this app at least once a day.
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&I 5T
If you see that your data is not in your Pulsewatch app,
but you have been wearing the watch, the Bluetooth
8 G may be turned off.

'\ To find this screen (left), simply scroll down from the top
S Androld System o of the screen with your finger.

Wi-Fi networks available

Tap 1o view availoble netwerks If the icon is blue, it means it is on.

1:30 Tue, December 10 Q 2%

Notification settings  Clear Ifitis gray, it is turned off.

To turn it on, just click on the icon, then click “done”

Although connecting to Wifi may be helpful, it is not
mandatory to do.

@ To connect to your home wifi, click on the wifi symbol,
and the box, shown in the picture to the left, will appear
below it. Click this to find your home wifi connection.

Using the Pulsewatch App:

This is the main Pulsewatch

Screen that you see when you
open the app.

PULSEWVATCH

? My Preferences: These are already set by the research staff
for you.
MY PREFERENCES . _ o
Pulse Check Instructions: This shows a list of simple steps
PULSE CHECK to check your own pulse.
INSTRUCTIONS

My History: This shows you your data points within 24 hours,
MY HISTORY 7 days, or 1 month. It also shows whether your heart rates
were normal or if atrial fibrillation was detected.

RESULTS . o .
Results: This screen shows you all your data points in a list
GET INFO form the newest date to the oldest. This screen also allows you
To get help about the study call tolog a symptom.
Get Info: This will give you more information about atrial
fibrillation and strokes.
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24 HOURS 7 DAYS 1 MONTH

This is the My History screen:

Pulsewatch

The 24 HOURS, 7 DAYS, and 1 MONTH tabs at the
top allow you to pick which time periods you want to
review.

ooop_ 8
03.08]
0B:50}
1231

The green dots represent normal heart rhythms. Red
dots represent abnormal heart rhythms. The pie chart
in the middle shows your percentage of normal versus
atrial fibrillation (afib) data points.

AFib vs Normal
Last updated at: 11/20/2019 1532
BACK
] o £
Pulsewatch Sl E
This is the Results screen:
HEART RATE PULSE CHECK STATUS
77 "
Heart Rate Key:
Slow < 60 bpm
Fast>100 bom When you press “select” you may log a symptom, or
Symptom Tracker SELECT you can add your own notes to “additional notes” and
ADDITIONAL NOTES save it.
SAVE Here is where you can view all your past data points. It
View Saved Data GO <« starts with your newest and ends with the oldest data.

:‘:;—'U?:E";:;’;S o B This is where you can log a symptom for a previous
Last updated at:11/20/2019 1542 day if you were not able to do so on that day. It gives
BACK \ you a calendar and a clock to enter the date and time
the symptom occurred.



Pulsewatch Watch:

\- *—— Back Button: Use this to return to the
X previous screen viewed.

Power Button and Home Button: Hold
down this button to turn the watch on
and off. Once the watch is on, this button
takes you to the main screen of apps on
the watch.

Be sure to keep the watch snug on your wrist so that it can accurately take your heartrate.

If the watch ever detects your heart rhythm to be in afib, it will ask you to stay still to get a better read. If
it detects you may be in afib, the screen will turn blue. Please tap the screen to acknowledge the
notification and your screen will turn orange. Your screen will stay orange unless it detects that your
heart has returned to normal rhythm. Then it will turn back to . Please see pictures below for an
example of how your watch will look during normal and potentially abnormal conditions. Do not worry if
your watch turns blue, these are still investigational devices and may not be 100% accurate. Certainly
give us a call if you have any questions.

Abnormality Acknowledged
detected ' /

9:16™ . 9:17A
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Charging Your Devices:

Your Pulsewatch system has two charging cords and a dock for the watch (as
pictured below). One cord is for the phone, the other cord is for the watch but they
are the same cords.

To charge your phone, insert the cord into the
plug at the bottom of the phone as shown in
the picture to the left. To be sure it is
charging, look for the battery symbol to pop
up, also shown in the picture. Your phone will
charge whether it is turned on or off. If your
phone will not turn on, it is probably dead,
and charging it should help.

To charge the watch, place it on the charging dock with the face of the watch on the outside of the
dock. Be sure that the other cord is plugged into the back of the dock properly. When the watch is
charging, the percentage of the charge will appear on the screen, as well as a lightning bolt.

See pictures below for guidance.

M\
41D

o=

POWER SAVE MODE: When your watch

is low on battery, it will ask you to go into

Power Save Mode. Click NO, as this turns
off the sensors that collect your data.

This is the watch charging dock

The Pulsewatch team appreciates your effort in this study and thanks you for your participation. If you have
any questions, comments or concerns about your Pulsewatch system, please feel free to contact our team
at (774) 455-3799 and we will be happy to assist you with any issues you may face during this study.



Demographics

Age, mean (SD)
Female
Race
White
More than one race
Black
Asian/Pacific Islander
Other
Hispanic/Latino
Married/living as married
Education
Less than high school
High school degree or equivalent
College degree
Post-graduate degree
Income
Less than $50,000
$50,000 - $99,999
More than $100,000
Stroke history
Stroke
Transient ischemic attack
Residual neurological deficits
Other medical history
Congestive heart failure
Cardiac arrhythmias
Valvular disease
Hypertension
Hyperlipidemia
Sleep apnea
Chronic lung disease
Diabetes
Vascular disease
Renal disease
Major bleeding
Prior myocardial infarction
Prior percutaneous coronary
intervention
Medication use
Anticoagulation
Anti-hypertensive
Anti-platelet
Statin
Vital signs on enrollment
Body mass index, mean (SD)
Systolic blood pressure, mean (SD)

High usability
n=37

66.9 (9.4)

15 (41%)

33 (89%)
2 (5%)
1 (3%)
1 (1%)
1 (3%)
0 (0%)
26 (70%)

4 (11%)

12 (32%)
11 (30%)
10 (27%)

12 (35%)
7 (20%)
16 (46%)

27 (73%)
12 (32%)
9 (24%)

4 (11%)
6 (16%)
3 (8%)
30 (81%)
31 (84%)
11 (30%)
2 (5%)
11 (30%)
7 (19%)
1 (3%)

2 (5%)

7 (19%)

4 (11%)

4 (11%)

21 (57%)
32 (86%)
35 (95%)

33.9(30.4)
131.6 (17.5)

Low usability
n =32

63.34 (8.6)

13 (41%)

27 (84%)
2 (6%)
0 (0%)
1 (3%)
2 (6%)
1 (3%)
22 (71%)

0 (0%)
14 (46%)
13 (42%)
4 (13%)

8 (27%)
15 (50%)
7 (23%)

26 (81%)
8 (25%)
5 (16%)

1 (3%)

4 (13%)
4 (13%)
23 (72%)
25 (81%)
9 (28%)
3 (9%)

7 (22%)
9 (28%)
1 (3%)

1 (3%)

6 (19%)

2 (6%)

6 (19%)

16 (50%)
28 (88%)
29 (91%)

31.7 (13.0)
129.7 (17.1)

p-value

0.11
0.99
0.63

0.28
0.24
0.14

0.08

0.42
0.50
0.37

0.22
0.66
0.55
0.37
0.74
0.88
0.53
0.46
0.37
0.92
0.64
0.99

0.50

0.32
0.57
0.90
0.53

0.71
0.65
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Diastolic blood pressure, mean (SD)

Heart rate, mean (SD)
Psychosocial characteristics
Alcohol use
Cognitive impairment
Depressive symptoms
None/Minimal
Mild
Moderate
Moderately severe
Severe
Anxiety symptoms
None/Minimal
Mild
Moderate
Severe
Technology engagement
Device ownership
Tablet computer
Smartphone
Smartwatch
Basic cell phone
App use frequency (excluding
messaging/calling)
Daily
A few days a week
At least once a week
Less than once a week
Once a month
Never

74.2 (8.0)
68.9 (10.3)

5 (14%)
14 (38%)

22 (59%)
10 (27%)
3 (8%)
1 (3%)
1 (3%)

30 (81%)
4 (11%)
2 (5%)

1 (3%)

25 (68%)
29 (78%)
10 (27%)
12 (32%)

20 (61%)
5 (15%)
4 (12%)
1 (3%)

2 (6%)

1 (3%)

76.9 (8.8)
75.2 (16.6)

0 (0%)
15 (47%)

18 (56%)
10 (31%)
3 (9%)
1 (3%)
0 (0%)

24 (75%)
4 (13%)
3 (9%)

1 (3%)

22 (69%)
27 (84%)
8 (25%)

13 (41%)

21 (72%)
3 (10%)
0 (0%)

1 (3%)

1 (3%)

3 (10%)

0.18
0.062

0.031
0.45
0.90

0.92

0.92
0.53
0.85
0.48
0.34
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Coding scheme for qualitative interviews:
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Code

‘ Description

Example quote

Observation section (patient performs action described, results are '"completed", "completed with assistance'", and '"not
completed" - no formal thematic coding)

watch_wear

Was the participant able to put on the watch
unassisted and secure the watch band such that the
watch back is in contact with the wrist?

watch_charge

Was the participant able to place the watch on the
charger such that the indicator light is on and the
watch is charging?

phone use

Did the patient use the phone app at all?

symptom_tag

If the patient used the phone app, were they able to
tag any potential symptoms they may be
experiencing?

data_check

If the patient used the phone app, were they able to
check their own heart rate and rhythm in the results
screen?

Semi-structured interview section

Challenges faced in device use

challenge none

Participant encounted no challenges in using the
devices

challenge battery

Short battery life was an annoyance to use for
participant

"T had it on for like four hours and it said
it was low"

challenge recoding

Participant's data wasn't recorded because of
technical challenges

enjoy_simple

Participant mentioned the app was simple to use

"I actually like it a lot because it was very
simple. I'm not good with technology so it
was nice and simple for me"

enjoy comfort

The watch was comfortable to wear, and participant
liked features such as adjustable watch band
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enjoy_other features

Participant mentioned that they enjoyed other
features of the watch that is NOT the rhythm
monitoring app, for example, physical activity
notifications, checking weather, etc

discomfort watchband

The watchband was not comfortable for the
participant

discomfort_sleep

The participant had trouble going to sleep with the
watch on

"I am not used to wearing watches and I
wanted to keep it on as long as possible so
when I slept in it was kind of a weird
feeling"

familiarity tech

Participant has experience with and is comfortable
using technology

"I’ve used computers all of my life and I
am not unfamiliar"

familiarity smartwatch

Participant owns and/or is familiar with
smartwatches already

"I am pretty consistent for like I have had
a Fitbit for like four years so I am used to
wearing it at night."

Need / desire for support

help_home

Participant has someone at home to help with device
use if needed

"My husband [could help me]"

help occasional

Participant sometimes has someone at home to help
with device use if needed

"My daughter when she comes over"

help_pamphlet

Participant indicated that a guide/pamphlet/handout
with the information on the devices would have
been useful

"For someone like myself, it would have
been nice to have a little brochure that had
some common questions like if your
watch goes black or if you need to reboot
check connections and then tell you how
to do it"

help critical

A specific tech support person helping the
participant was critical to their successful use (could
be person at home or study staff if they called us
often)

"[Study coordinator name] was totally
crucial, especially when, you know, [the
screen] went black"

help unneeded

Participant mentioned that they didn't need help

Motivation
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motivation_health

General health is the participant's main motivation
for using the devices

"Mainly to keep up on my health"

motivation_security

A sense of security from being monitored motivates
the participant to use

"The fact that someone else could see it
and if anything was wrong, they could
immediately spot it"

motivation social

Participant was motivated to use device by social
interactions

"And does it have [an interactive/social
element]? You know, you can get in a
group [with the Apple Watch]. I’'m highly
motivated because my two nephews and I
are in a group"

motivation_feedback

Participant was motivated to wear the watch more
because of realtime feedback from the system (i.e.
looking at their own health data)

"It is interesting apple watches will
prompt you to stand where the Fitbit
prompts you to move"

Comparisons to other devices

compared_comfort

Watch was more comfortable compared to
traditional cardiac monitors

“The one I had before had to hook up all
these wires and my skin got burned and
all this stuff. But um I think [the watch]
was easier”

compared_feedback

Participant mentioned that they enjoyed seeing real-
time feedback, which traditional monitors are
unable to provide

compared_discrete

Similar to comfort, but participant mentions
watches being much more discrete when they go
out, instead of having many wires hanging out

Recommendations/Desired
additional characteristics

additional features

Participants indicated that additional features
beyond rhythm monitoring may be helpful

"I mean if your goal is to have an app that
is all-encompassing to have, you know,
step tracker and some of that other
features, that would be great."

passive use

Participants indicated the rhythm monitoring
functionality needs to be very passive, and
minimally salient for them during daily use

"It needs to be super passive. It needs to
be a set it forget it."
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Chapter IV: ADHERENCE TO SMARTWATCH-BASED ATRIAL
FIBRILLATION MONITORING IN OLDER ADULTS AFTER STROKE

APPENDIX

CONTENTS

- Supplemental table: GBTM model selection based on BIC (p. 155)



Supplemental table — GBTM model selection based on BIC

155

Footnote: Models were evaluated with a range of two to three subgroups and evaluated for model
fit. This was done by incrementally increasing each model by one subgroup and evaluating model

fit statistics (BIC) as well as graphical display. Ultimately the 3-group model highlighted in green
was chosen based on fit statistics and other considerations outlined in text (Chapter IV)

Number | Trajectory shapes (order of | BIC (participants) | BIC (observations)
of groups | trajectory curves)
2 00 -1601.45 -1608.26
2 01 -1578.42 -1586.92
2 02 -1577.60 -1587.81
2 11 -1538.93 -1549.13
2 12 -1543.77 -1555.67
2 22 -1531.97 -1545.57
3 000 -1536.15 -1546.35
3 011 -1468.32 -1481.93
3 012 -1466.68 -1481.99
3 022 -1460.52 -1477.53
3 111 -1467.96 -1483.26
3 112 -1467.40 -1484.40
3 121 -1459.21 -1476.22
3 122 -1457.21 -1475.91
3 210 -1458.91 -1474.21
3 211 -1458.28 -1475.28
3 212 -1457.21 -1475.91
3 221 -1462.59 -1481.29
3 222 -1458.61 -1479.02




10.

1.

12.

13.

156

REFERENCES

January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS Guideline
for the Management of Patients With Atrial Fibrillation. Journal of the American
College of Cardiology. 2014;64(21):el. doi:10.1016/j.jacc.2014.03.022

Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, incidence, prognosis, and
predisposing conditions for atrial fibrillation: population-based estimates. Am J
Cardiol. 1998;82(8A):2N-9N.

Lau Y-F, Yiu K-H, Siu C-W, Tse H-F. Hypertension and atrial fibrillation:
epidemiology, pathophysiology and therapeutic implications. J Hum Hypertens.
2012;26(10):563-569. doi:10.1038/jhh.2011.105

Lavie CJ, Pandey A, Lau DH, Alpert MA, Sanders P. Obesity and Atrial Fibrillation
Prevalence, Pathogenesis, and Prognosis: Effects of Weight Loss and Exercise.
Journal of the American College of Cardiology. 2017;70(16):2022-2035.
doi:10.1016/j.jacc.2017.09.002

Sieck S. The Economic Impact of Atrial Fibrillation in the US. In: Short Stay
Management of Atrial Fibrillation. Contemporary Cardiology. Humana Press, Cham,;
2016:27-40. doi:10.1007/978-3-319-31386-3 3

Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in
adults: national implications for rhythm management and stroke prevention: the
AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA.
2001;285(18):2370-2375.

Krahn AD, Manfreda J, Tate RB, Mathewson FA, Cuddy TE. The natural history of
atrial fibrillation: incidence, risk factors, and prognosis in the Manitoba Follow-Up
Study. Am J Med. 1995;98(5):476-484. doi:10.1016/S0002-9343(99)80348-9
Stewart S, Hart CL, Hole DJ, McMurray JJV. A population-based study of the long-
term risks associated with atrial fibrillation: 20-year follow-up of the Renfrew/Paisley
study. Am J Med. 2002;113(5):359-364.

Ott A, Breteler MMB, Bruyne MC de, Harskamp F van, Grobbee DE, Hofman A.
Atrial Fibrillation and Dementia in a Population-Based Study: The Rotterdam Study.
Stroke. 1997;28(2):316-321. doi:10.1161/01.STR.28.2.316

Andersson T, Magnuson A, Bryngelsson I-L, et al. All-cause mortality in 272,186
patients hospitalized with incident atrial fibrillation 1995-2008: a Swedish nationwide
long-term  case-control  study. Eur Heart J. 2013;34(14):1061-1067.
doi:10.1093/eurheartj/ehs469

Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel WB, Levy D. Impact
of atrial fibrillation on the risk of death: the Framingham Heart Study. Circulation.
1998;98(10):946-952.

Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation: a major contributor to stroke in
the elderly. The Framingham Study. Arch Intern Med. 1987;147(9):1561-1564.
Miller PSJ, Andersson FL, Kalra L. Are Cost Benefits of Anticoagulation for Stroke
Prevention in Atrial Fibrillation Underestimated? Stroke. 2005;36(2):360-366.
doi:10.1161/01.STR.0000153002.56324.8¢



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

157

Steger C, Pratter A, Martinek-Bregel M, et al. Stroke patients with atrial fibrillation
have a worse prognosis than patients without: data from the Austrian Stroke registry.
Eur Heart J. 2004;25(19):1734-1740. doi:10.1016/j.€hj.2004.06.030

Shukla A, Curtis AB. Avoiding permanent atrial fibrillation: treatment approaches to
prevent disease progression. Vasc Health Risk Manag. 2013;10:1-12.
doi:10.2147/VHRM.S49334

Savelieva I, Camm AJ. Clinical relevance of silent atrial fibrillation: prevalence,
prognosis, quality of life, and management. J Interv Card Electrophysiol.
2000;4(2):369-382.

Friberg L, Hammar N, Pettersson H, Rosenqvist M. Increased mortality in
paroxysmal atrial fibrillation: report from the Stockholm Cohort-Study of Atrial
Fibrillation (SCAF). Eur Heart J. 2007;28(19):2346-2353.
doi:10.1093/eurheartj/ehm308

Jaakkola J, Mustonen P, Kiviniemi T, et al. Stroke as the First Manifestation of Atrial
Fibrillation. PL0S One. 2016;11(12). doi:10.1371/journal.pone.0168010

Lubitz SA, Xiaoyan Y, McManus DD, et al. Stroke as the Initial Manifestation of
Atrial Fibrillation. Stroke. 2017;48(2):490-492.
doi:10.1161/STROKEAHA.116.015071

Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy to prevent
stroke in patients who have nonvalvular atrial fibrillation. Ann Intern Med.
2007;146(12):857-867.

Gage BF, Cardinalli AB, Albers GW, Owens DK. Cost-effectiveness of Warfarin and
Aspirin for Prophylaxis of Stroke in Patients With Nonvalvular Atrial Fibrillation.
JAMA. 1995;274(23):1839-1845. doi:10.1001/jama.1995.03530230025025

Burn J, Dennis M, Bamford J, Sandercock P, Wade D, Warlow C. Long-term risk of
recurrent stroke after a first-ever stroke. The Oxfordshire Community Stroke Project.
Stroke. 1994;25(2):333-337. doi:10.1161/01.str.25.2.333

Lin H-J, Wolf PA, Kelly-Hayes M, et al. Stroke Severity in Atrial Fibrillation: The
Framingham Study. Stroke. 1996;27(10):1760-1764.
doi:10.1161/01.STR.27.10.1760

Penado S, Cano M, Acha O, Hernandez JL, Riancho JA. Atrial fibrillation as a risk
factor for stroke recurrence. The American Journal of Medicine. 2003;114(3):206-
210. doi:10.1016/S0002-9343(02)01479-1

Kim AS. Medical Management for Secondary Stroke Prevention. Continuum
(Minneap Minn). 2020;26(2):435-456. doi:10.1212/CON.0000000000000849

Galli A, Ambrosini F, Lombardi F. Holter Monitoring and Loop Recorders: From
Research to Clinical Practice. Arrhythm Electrophysiol Rev. 2016;5(2):136-143.
doi:10.15420/AER.2016.17.2

Zimetbaum P, Goldman A. Ambulatory Arrhythmia Monitoring: Choosing the Right
Device. Circulation. 2010;122(16):1629-1636.
doi:10.1161/CIRCULATIONAHA.109.925610

Ackermans PAJ, Solosko TA, Spencer EC, et al. A user-friendly integrated monitor-
adhesive patch for long-term ambulatory electrocardiogram monitoring. J
Electrocardiol. 2012;45(2):148-153. doi:10.1016/j.jelectrocard.2011.10.007



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

158

Sanna T, Diener H-C, Passman RS, et al. Cryptogenic Stroke and Underlying Atrial
Fibrillation. New England Journal of Medicine. 2014;370(26):2478-2486.
doi:10.1056/NEJMoal313600

Gladstone DJ, Spring M, Dorian P, et al. Atrial Fibrillation in Patients with
Cryptogenic Stroke. New England Journal of Medicine. 2014;370(26):2467-2477.
doi:10.1056/NEJMoal311376

Srinivasulu A, Sriraam N. An Engineering Perspective of External Cardiac Loop
Recorder: A  Systematic Review. Journal of Medical Engineering.
doi:10.1155/2016/6931347

Barrett PM, Komatireddy R, Haaser S, et al. Comparison of 24-hour Holter
Monitoring with 14-day Novel Adhesive Patch Electrocardiographic Monitoring. The
American Journal of Medicine. 2014;127(1):95.e11-95.¢17.
doi:10.1016/j.amjmed.2013.10.003

Silveira I, Sousa MJ, Antunes N, et al. Efficacy And Safety Of Implantable Loop
Recorder: Experience Of A Center. J Atr Fibrillation. 2016;9(2).
doi:10.4022/jafib.1425

Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for the management
of atrial fibrillation developed in collaboration with EACTS. European Heart
Journal. 2016;37(38):2893-2962. doi:10.1093/eurheartj/ehw210

Anderson M, Perrin A. Technology use among seniors. Pew Research Center:
Internet, Science & Tech. Published May 17, 2017. Accessed March 7, 2018.
http://www.pewinternet.org/2017/05/17/technology-use-among-seniors/ (Archived
by WebCite® at http://www.webcitation.org/76MCU1vnu)

Baig MM, Gholamhosseini H, Connolly MJ. A comprehensive survey of wearable
and wireless ECG monitoring systems for older adults. Med Biol Eng Comput.
2013;51(5):485-495. doi:10.1007/s11517-012-1021-6

Cajita M1, Gleason KT, Han H-R. A systematic review of mHealth-based heart failure
interventions. J Cardiovasc Nurs. 2016;31(3):E10-E22.
doi:10.1097/JCN.0000000000000305

McManus DD, Chong JW, Soni A, et al. PULSE-SMART: Pulse-Based Arrhythmia
Discrimination Using a Novel Smartphone Application. J Cardiovasc Electrophysiol.
2016;27(1):51-57. doi:10.1111/jce.12842

McManus DD, Lee J, Maitas O, et al. A novel application for the detection of an
irregular pulse using an iPhone 4S in patients with atrial fibrillation. Heart Rhythm.
2013;10(3):315-319. doi:10.1016/j.hrthm.2012.12.001

Patel S, Park H, Bonato P, Chan L, Rodgers M. A review of wearable sensors and
systems with application in rehabilitation. Journal of NeuroEngineering and
Rehabilitation. 2012;9:21. doi:10.1186/1743-0003-9-21

Lakkireddy DR, Chung MK, Gopinathannair R, et al. Guidance for Cardiac
Electrophysiology During the Coronavirus (COVID-19) Pandemic from the Heart
Rhythm Society COVID-19 Task Force; Electrophysiology Section of the American
College of Cardiology; and the Electrocardiography and Arrhythmias Committee of
the Council on Clinical Cardiology, American Heart Association. Heart Rhythm.
Published online April 1, 2020. doi:10.1016/j.hrthm.2020.03.028



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

159

Lu T-C, Fu C-M, Ma MH-M, Fang C-C, Turner AM. Healthcare Applications of
Smart Watches. Appl Clin Inform. 2016;7(3):850-869. doi:10.4338/ACI-2016-03-
RA-0042

Farr C. Baby boomer flummoxed by Fitbit and Apple Watch. Published October 25,
2017. Accessed December 8, 2018. https://www.cnbc.com/2017/10/24/baby-
boomer-flummoxed-by-fitbit-and-apple-watch.html

Fowler GA. Review | The Apple Watch faces its toughest challenge yet: Grandma
and  Grandpa. @ Washington = Post.  Accessed  December 8,  2018.
https://www.washingtonpost.com/technology/2018/10/03/apple-watch-faces-its-
toughest-challenge-yet-grandma/

Campbell O. Designing For The Elderly: Ways Older People Use Digital Technology
Differently. Smashing Magazine. Published 34:23 + UTC . Accessed December 8,
2018. https://www.smashingmagazine.com/2015/02/designing-digital-technology-
for-the-elderly/

Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide Epidemiology of Atrial
Fibrillation: A Global Burden of Disease 2010 Study. Circulation. 2014;129(8):837-
847. doi:10.1161/CIRCULATIONAHA.113.005119

Orchard J, Lowres N, Freedman SB, et al. Screening for atrial fibrillation during
influenza vaccinations by primary care nurses using a smartphone electrocardiograph
(IECG): A feasibility study. Eur J Prev Cardiolog. 2016;23(2 suppl):13-20.
doi:10.1177/2047487316670255

Lowres N, Neubeck L, Salkeld G, et al. Feasibility and cost-effectiveness of stroke
prevention through community screening for atrial fibrillation using iPhone ECG in
pharmacies. Thromb Haemost. 2014;111(6):1167-1176. doi:10.1160/TH14-03-0231
Lau JK, Lowres N, Neubeck L, et al. iPhone ECG application for community
screening to detect silent atrial fibrillation: A novel technology to prevent stroke.
International Journal of Cardiology. 2013;165(1):193-194.
doi:10.1016/j.ijcard.2013.01.220

Perez MV, Mahaffey KW, Hedlin H, et al. Large-Scale Assessment of a Smartwatch
to Identify Atrial Fibrillation. New England Journal of Medicine. 2019;381(20):1909-
1917. doi:10.1056/NEJMo0al1901183

Guo Y, Wang H, Zhang H, et al. Mobile Photoplethysmographic Technology to
Detect Atrial Fibrillation. Journal of the American College of Cardiology.
2019;74(19):2365-2375. doi:10.1016/j.jacc.2019.08.019

Avram R, Ramsis M, Cristal AD, et al. Validation of an algorithm for continuous
monitoring of atrial fibrillation using a consumer smartwatch. Heart Rhythm.
Published online April 8, 2021. doi:10.1016/j.hrthm.2021.03.044

Gibson CM, Korjian S. Announcing the HEARTLINE Trial: A Randomized Control
Trial of up to 180,000 patients to Assess the Effectiveness of the Apple Watch and
Educational Initiatives to Reduce Death, MI and Stroke. Presented at the: American
College of Cardiology 68th Annual Scientific Session 2019; March 16, 2019; New
Orleans, LA.

Fitbit Heart Study. Fitbit Health Solutions. Accessed May 20, 2020.
https://healthsolutions. fitbit.com/heartstudy-info/



55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

160

Brooke J. SUS: A Quick and Dirty Usability Scale. Vol 189. Taylor & Francis; 1995.
Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal Cognitive Assessment,
MoCA: A Brief Screening Tool For Mild Cognitive Impairment. Journal of the
American Geriatrics Society. 2005;53(4):695-699.
doi:https://doi.org/10.1111/5.1532-5415.2005.53221.x

Pendlebury ST, Welch SJV, Cuthbertson FC, Mariz J, Mehta Z, Rothwell PM.
Telephone Assessment of Cognition After Transient Ischemic Attack and Stroke.
Stroke. 2013;44(1):227-229. doi:10.1161/STROKEAHA.112.673384

Ding EY, Han D, Whitcomb C, et al. Accuracy and Usability of a Novel Algorithm
for Detection of Irregular Pulse Using a Smartwatch Among Older Adults:
Observational Study. JMIR Cardio. 2019;3(1):e13850. doi:10.2196/13850

Liang J, Xian D, Liu X, et al. Usability Study of Mainstream Wearable Fitness
Devices: Feature Analysis and System Usability Scale Evaluation. JMIR mHealth and
uHealth. 2018;6(11):e11066. doi:10.2196/11066

Reeder B, David A. Health at hand: A systematic review of smart watch uses for
health and wellness. J Biomed Inform. 2016;63:269-276.
doi:10.1016/}.jbi1.2016.09.001

Laborde C, Cenko E, Mardini M, Ranka S, Rashidi P, Manini T. Older Adults’
Satisfaction and Compliance of Smartwatches Providing Ecological Momentary.
Innov Aging. 2020;4(Supplement_1):799-799. doi:10.1093/geroni/igaa057.2898
Manini TM, Mendoza T, Battula M, et al. Perception of Older Adults Toward
Smartwatch Technology for Assessing Pain and Related Patient-Reported Outcomes:
Pilot Study. JMIR Mhealth Uhealth. 2019;7(3). doi:10.2196/10044

Galarnyk M, Quer G, McLaughlin K, Ariniello L, Steinhubl SR. Usability of a Wrist-
Worn Smartwatch in a Direct-to-Participant Randomized Pragmatic Clinical Trial.
DIB. 2019;3(3):176-184. doi:10.1159/000504838

Turakhia MP, Shafrin J, Bognar K, et al. Estimated prevalence of undiagnosed atrial
fibrillation in the United States. PLOS ONE. 2018;13(4):e0195088.
doi:10.1371/journal.pone.0195088

Alkhouli M, Algahtani F, Aljohani S, Alvi M, Holmes DR. Burden of Atrial
Fibrillation-Associated Ischemic Stroke in the United States. JACC Clin
Electrophysiol. 2018;4(5):618-625. doi:10.1016/j.jacep.2018.02.021

Ruff CT, Giugliano RP, Braunwald E, et al. Comparison of the efficacy and safety of
new oral anticoagulants with warfarin in patients with atrial fibrillation: a meta-
analysis of randomised trials. Lancet. 2014;383(9921):955-962. doi:10.1016/S0140-
6736(13)62343-0

Subbiah R, Gula LJ, Klein GJ, Skanes AC, Yee R, Krahn AD. Syncope: Review of
Monitoring Modalities. Curr Cardiol Rev. 2008;4(1):41-48.
doi:10.2174/157340308783565447

Zuckerman B. De Novo Clearance for “ Study Watch” (K182456). Published online
December 20, 2018. Accessed June 4, 2020.
https://www.accessdata.fda.gov/cdrh_docs/pdf18/K182456.pdf



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

161

Krueger AC. De Novo Clearance for “Irregular Rhythm Notification Feature” (DEN
180042). Published online September 11, 2018. Accessed December 7, 2018.
https://www.accessdata.fda.gov/cdrh_docs/pdf18/DEN180042.pdf

Smith A. Older Adults and Technology Use. Pew Research Center: Internet, Science
& Tech. Published April 3, 2014. Accessed February 15, 2017.
http://www.pewinternet.org/2014/04/03/older-adults-and-technology-use/
Post-Stroke Rehabilitation Fact Sheet | National Institute of Neurological Disorders
and Stroke. Accessed July 6, 2021. https://www.ninds.nih.gov/Disorders/Patient-
Caregiver-Education/Fact-Sheets/Post-Stroke-Rehabilitation-Fact-Sheet

Schorr EN, Gepner AD, Dolansky MA, et al. Harnessing Mobile Health Technology
for Secondary Cardiovascular Disease Prevention in Older Adults: A Scientific
Statement From the American Heart Association. Circulation: Cardiovascular
Quality and Outcomes. 2021;14(5):e000103. doi:10.1161/HCQ.0000000000000103
Zotz N, Saft S, Rosenlohner J, Bohm P, Isemann D. Identification of Age-Specific
Usability Problems of Smartwatches. In: Miesenberger K, Kouroupetroglou G, eds.
Computers Helping People with Special Needs. Lecture Notes in Computer Science.
Springer International Publishing; 2018:399-406. doi:10.1007/978-3-319-94274-
2 57

Khakurel J, Knutas A, Melkas H, Penzenstadler B, Fu B, Porras J. Categorization
Framework for Usability Issues of Smartwatches and Pedometers for the Older
Adults. In: Antona M, Stephanidis C, eds. Universal Access in Human-Computer
Interaction. Methods, Technologies, and Users. Lecture Notes in Computer Science.
Springer International Publishing; 2018:91-106. doi:10.1007/978-3-319-92049-8 7
Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16(9):606-613.

Spitzer RL, Kroenke K, Williams JBW, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092-1097.
doi:10.1001/archinte.166.10.1092

O’Cathain A, Murphy E, Nicholl J. Three techniques for integrating data in mixed
methods studies. BMJ. 2010;341:¢4587. doi:10.1136/bmj.c4587

Keogh A, Dorn JF, Walsh L, Calvo F, Caulfield B. Comparing the Usability and
Acceptability of Wearable Sensors Among Older Irish Adults in a Real-World
Context: Observational Study. JMIR mHealth and uHealth. 2020;8(4):e15704.
doi:10.2196/15704

Farivar S, Abouzahra M, Ghasemaghaei M. Wearable device adoption among older
adults: A mixed-methods study. Int J Inf Manage. 2020;55:1022009.
doi:10.1016/j.ijinfomgt.2020.102209

Miyasaka Yoko, Barnes Marion E., Gersh Bernard J., et al. Secular Trends in
Incidence of Atrial Fibrillation in Olmsted County, Minnesota, 1980 to 2000, and
Implications on the Projections for Future Prevalence. Circulation. 2006;114(2):119-
125. doi:10.1161/CIRCULATIONAHA.105.595140

Liao J, Khalid Z, Scallan C, Morillo C, O’Donnell M. Noninvasive Cardiac
Monitoring for Detecting Paroxysmal Atrial Fibrillation or Flutter After Acute



82.

83.

84.

85.

86.

87.

162

Ischemic Stroke: A Systematic Review. Stroke. 2007;38(11):2935-2940.
doi:10.1161/STROKEAHA.106.478685

Ziegler PD, Glotzer TV, Daoud EG, et al. Detection of Previously Undiagnosed Atrial
Fibrillation in Patients With Stroke Risk Factors and Usefulness of Continuous
Monitoring in Primary Stroke Prevention. American Journal of Cardiology.
2012;110(9):1309-1314. doi:10.1016/j.amjcard.2012.06.034

Seet RCS, Friedman PA, Rabinstein AA. Prolonged Rhythm Monitoring for the
Detection of Occult Paroxysmal Atrial Fibrillation in Ischemic Stroke of Unknown
Cause. Circulation. 2011;124(4):477-486.
doi:10.1161/CIRCULATIONAHA.111.029801

Vogels EA. About one-in-five Americans use a smart watch or fitness tracker.
Published  online  January 9, 2020. Accessed June 16, 2021.
https://www.pewresearch.org/fact-tank/2020/01/09/about-one-in-five-americans-
use-a-smart-watch-or-fitness-tracker/

Sun J-H, Tan L, Yu J-T. Post-stroke cognitive impairment: epidemiology,
mechanisms  and  management. Ann  Transl Med.  2014;2(8):80.
d0i:10.3978/j.issn.2305-5839.2014.08.05

Nagin DS. Group-Based Trajectory Modeling: An Overview. ANM. 2014;65(2-
3):205-210. doi:10.1159/000360229

Buck BH, Hill MD, Quinn FR, et al. Effect of Implantable vs Prolonged External
Electrocardiographic Monitoring on Atrial Fibrillation Detection in Patients With
Ischemic Stroke: The PER DIEM Randomized Clinical Trial. JAMA.
2021;325(21):2160. doi:10.1001/jama.2021.6128



