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Abstract

Background: Preventable poor health outcomes associated with atrial fibrillation continue to make early detection a priority.
A one-lead mobile electrocardiogram (MECG) device given to patients with an implantable cardioverter defibrillator (ICD)
allowed usersto receive real-time ECG readings in 30 seconds.

Objective: Three caseswere selected from an institutional review board-approved clinical trial aimed at assessing mECG device
usage and satisfaction, patient engagement, quality of life (QoL), and cardiac anxiety. These three specific cases were selected
to examine avariety of possible patient presentations and user experiences.

Methods: Three ICD patients with mobile phones who were being seen in an adult device clinic were asked to participate. The
participants chosen represented individual swith varying degrees of reported education and patient engagement. Participantswere
instructed to use the MECG device at least once per day for 30 days. Positive ECGsfor atrial fibrillation were evaluated in clinic.
At follow-up, information was collected regarding their frequency of use of the mECG device and three psychological outcomes
in the domains of patient engagement, QoL, and cardiac anxiety.

Results. Each patient used the technology approximately daily or every other day as prescribed. At the 30-day follow-up, usage
reports indicated an average of 32 readings per month per participant. At 90-day follow-up, usage reports indicated an average
of 34 readings per month per participant. Two of the three participants self-reported a significant improvement in their physical
QoL from baseline to completion, while simultaneously self-reporting a significant decrease in their mental QoL. All three
participants reported high levels of device acceptance and technology satisfaction.

Conclusions: This case study demonstrates that |CD patients with varying degrees of education and patient engagement were
relatively activein their use of mMECGs. All three participants using the mECG technology reported high technology satisfaction
and device acceptance. High sensitivity, specificity, and accuracy of mECG technology may allow routine atrial fibrillation
screening at lower costs, in addition to improving patient outcomes.

(JMIR Cardio 2018;2(1):e5) doi: 10.2196/cardi0.8710
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Introduction

Background

Implantable cardioverter defibrillators (ICDs) have demonstrated
a mortality advantage in randomized clinical trials compared
with usual care and antiarrhythmic drug treatments in at-risk
patients [1]. The full suite of diagnostic capabilities of 1CDs,
such asdetection of atrial arrhythmias, provide additional value
to health care professionals. However, patients with ICDs have
not had equal access to this information. Recently, multiple
consumer products have been approved for cardiac monitoring,
including mobile phone-based systems that provide
physician-interpreted electrocardiograms (ECGs) on demand.
The overall impact and value of engaging patientsin the use of
these services continuesto emerge, but the utility of potentially
detecting theinitiation of atrial fibrillation could be significant.

Atrial fibrillation is the most common cardiac arrhythmia
worldwide and continues to be amajor burden to public health
[2]. It affectsup to 6 million American adults, which is expected
to double over the next 25 years [2]. Furthermore, atrial
fibrillation is associated with a five-times increased risk of
stroke [2] and a three-times increased risk of heart failure [3].
Approximately one of three patientswith atrial fibrillation have
“silent” or underdetected symptoms, highlighting the potential
importance of intermittent ECG data acquisition [4]. Many of
the associated poor outcomes of atria fibrillation are thought
to be highly preventable, making early identification of atrial
fibrillation a priority issue.

Patient Engagement and Self-Management

Patient engagement refers to the attitudes and behaviors of
patients, and the ways in which they interact with their own
health care management plans [5,6]. Research has shown that
patients who are more engaged in managing their health care
needs may yield more positive clinical outcomes than their
less-engaged peers [5,7]. Positive patient engagement helps
promote good health behaviors and can increase overal life
satisfaction [5,8]. Due to advances in technology, patients are
now increasing their patient engagement and self-management
through the use of health-related mobile phone-based apps.

KardiaMabile by AliveCor

For ICD patients, using a KardiaMobile by AliveCor, Inc [9]
device with the associated Kardia app has been one way that
patients are able to increase their patient engagement. The
KardiaMobile mobile ECG (mMECG) device is one of many
recently developed, noninvasive diagnostic tools. Although
using these devices does not replace the need for regularly
scheduled 12-lead ECG readings, more frequent screening
allows patients to play a more substantial role in their health
care. The KardiaMobile mECG deviceishalf the size of acredit
card and can securely attach to the back of a mobile phone or
tablet. Thisone-lead deviceiscleared by the US Food and Drug
Administration and can accurately detect atrial fibrillation in
30 seconds [4]. The instantaneous analysis of the user's ECG
reports three different outcomes: “normal,” “possible atrial
fibrillation” and “unclassified” The development of
mobile-supported health appsmay allow patientsand their health
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care providers to use medical information to improve patient
satisfaction and health security, reduce costs, and improve health
outcomes. However, no research to date has investigated usage
and satisfaction with the KardiaMobile device, or the
psychosocial correlates. The purpose of this case study is to
examine the utility and impact of mobile phone-based ECG
readings in three ICD patients who are enrolled in a clinical
study.

Methods

Patients with 1CDs were approached for study participation at
their regularly occurring device-check appointments. Three
unique cases were selected from an institutional review
board-approved clinical trial aimed at assessing KardiaMobile
device usage and satisfaction, patient engagement, QoL, and
cardiac anxiety. Thethree cases chosen were selected to examine
avariety of possible patient presentations and user experiences.
Participants were not compensated for their participation, but
they were allowed to keep their KardiaMobile devices free of
charge at the conclusion of the study period.

Thefirst participant was sel ected because they reported a high
percentage of atrial fibrillation readings in comparison to other
patients. The second participant was selected to include a
participant who reported above average QoL scores and high
overall KardiaMobile device usage. The third participant was
included because they reported low baseline QoL in both the
physical and mental health domains.

Patients were administered the Cardiac Anxiety Questionnaire
(CAQ), which is an 18-item self-report measure designed to
assess cardiac anxiety [10]. Higher mean scoresindicate greater
cardiac anxiety symptoms. Participants also compl eted the Short
Form Health Survey version 2 (SF-12v2), a 12-item
guestionnaire used to measure functional health and well-being
from a patient perspective [11]. These measures were
administered at baseline and at 30- and 90-day follow-ups. The
SF-12v2 providestwo summary scores of QoL: amental health
subscale and a physical health subscale (higher scoresindicate
greater QoL ). KardiaMobile usage reports were also collected
at the 30- and 90-day foll ow-up research appointments. Patients
were asked at the 30-day follow-up if they would like to
continue using the KardiaM obile device. Additionally, patients
self-reported on an item which stated, “1 am satisfied with my
use of the KardiaMobile device” and responded on a 5-point
Likert scale from “strongly disagree” to “strongly agree” at
each follow-up administration.

Results

Participant 1

The first participant was a married, white woman (age
approximately 60 years), who held a graduate degree and
reported an annual income of US $50,000 to US $74,000. Her
cardiac medical history included diagnoses of atrial fibrillation,
congestive heart failure, ventricular tachycardia, and
nonischemic cardiomyopathy. Her KardiaM obile usage reports
indicated that at 30-day follow-up she had used her device 34
times (0%, 0/34 normal readings,; 59%, 20/34 atrial fibrillation
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readings, 41%, 14/34 unclassified readings). She agreed to
continue using the device for an additional 60-day period, and
at the 90-day follow-up she had used the device atotal of 109
times (3.7%, 4/109 normal readings; 77.1%, 84/109 atria
fibrillation readings; 19.3%, 21/109 unclassified readings). As
shown in Table 1, participant 1 reported very strong agreement
to being satisfied with use of the device at both 30-day and
90-day follow-ups. Participant 1 reported average mental and
physical well-being across all time points. She also reported
below average cardiac anxiety acrossall time points (see Figure
1).

Participant 2

The second participant was a married, white male (age
approximately 70 years) who had completed some college and
reported an annual income of US $30,000 to US $39,999. His
medical history included atria fibrillation, coronary artery
disease, hypertension, sustained ventricular tachycardia, and
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Twiddler's syndrome. KardiaMobile usage reports indicated
that at 30-day follow-up he had used his device 37 times (89%,
33/37 normal readings; 5%, 2/37 atria fibrillaton readings; 5%,
2/37 unclassified readings). He agreed to continue using the
device for an additional 60-day period, and at the 90-day
follow-up he had used the device a total of 139 times (88.5%,
123/139 norma readings, 9.4%, 13/139 atrial fibrillation
readings, 2.2%, 3/139 unclassified readings). Participant 2
agreed very strongly to being satisfied with use of the device
at both 30-day and 90-day follow-ups. Participant 2 reported
high mental well-being and low physical well-being at baseline
(see Table1). Hisreported physical QoL increased significantly
from baseline to 30-day follow-up. His mental well-being
dropped dlightly over time; however, his score continued to
suggest good mental QoL. His score on the CAQ indicated
below average cardiac anxiety, and his score remained stable
across time points (see Figure 1).

Table 1. Outcomes following KardiaMobile usage in three patients with implantable cardioverter defibrillators.

QOutcomes Participant 1 Participant 2 Participant 3
Usage (30-day), n
Total 34 37 25
Normal 0 33 23
Atrial fibrillation 20 2 0
Unclassified 14 2 2
Usage (90-day), n
Total 109 139 61
Normal 4 123 56
Atrial fibrillation 84 13 2
Unclassified 21 3 3
CAQ 2, score
Baseline 0.94 0.83 1.56
30-day 117 1.06 2.28
90-day 0.83 0.89 217
SF-12v2 Physical ', score
Baseline 57 22 28
30-day 55 24° 31
90-day 54 35¢ 34°¢
SF-12v2 Mental ° , score
Baseline 56 72 24
30-day 58 65C 23
90-day 58 67 18°

8CAQ: Cardiac Anxiety Questionnaire. The development paper of the CAQ reported a mean total score of 1.67 (SD 0.81) in a sample of 42 cardiac

patients [10].

bSF-12v2: 12-Item Short Form Survey version 2. Mean scores on both SF-12 subscales were 50 (SD 10).

CIndicates a significant change (5 points) on an SF-12v2 subscale.
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Figure 1. Cardiac Anxiety Questionnaire scores at baseline and at 30- and 90-day follow-ups (N=3).
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The third participant was a married, African-American male
(age approximately 60 years), who had completed ahigh school
degree and reported an annual income of US $30,000 to US
$39,999. His cardiac medical history included myocardial
infarction, peripheral artery disease, ischemic cardiomyopathy,
and hypertension. KardiaM obile usage reportsindicated that at
30-day follow-up he had used his device 25 times (92%, 23/25
normal readings; 0%, 0/25 atrial fibrillation readings,; 8%, 2/25
unclassified readings). He agreed to continue using the device
for an additional 60-day period, and at the 90-day follow-up he
had used the device a total of 61 times (92%, 56/61 normal
readings, 3%, 2/61 atrial fibrillation readings, 5%, 3/61
unclassified). Participant 3 reported very strong agreement to
being satisfied with use of the device at both 30-day and 90-day
follow-ups. Participant 3 reported low QoL in both the physical
health and mental health domains, in comparison to SF-12v2
norms for US adults, across al time points (see Table 1).
Participant 3's physical QoL dightly improved from baseline
to 90-day follow-up; however, he also reported a slight decline
in mental well-being during this time period. He reported high
cardiac anxiety, which increased from baseline to 30-day
follow-up. In comparison to the CAQ devel opment norms [12],
his score at 30-day follow-up fell to the 80th percentile (see
Figure 1).

Discussion

The current case series demonstrated that ICD patients with
varying degrees of education and patient engagement were
relatively active in their use of mobile phone-based ECGs. At
baseline, patients were asked to use the KardiaMobile device
at least once per day. Across patients presented, each patient
used the technology approximately daily or every other day. At
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the 30-day follow-up, usage reports indicated an average of 32
readings per month per participant. At 90-day follow-up, usage
reports indicated an average of 34 readings per month per
participant. All three participants exhibited high level s of device
acceptance, but the appraisals associated with usageislikely to
be different for each individual user. Patients with ICDs may
benefit from increased access to cardiac technical information
because it is available to them, or patients may fed
overburdened. For instance, cardiac anxiety, which waselevated
in participant 3, is associated with excessive symptom
monitoring, and increased access through mobile monitoring
could maintain problematic checking behaviors and other
symptoms of anxiety in some patients [13]. However, patients
who experience cardiac anxiety maintained by the avoidance
of heart-related stimuli could benefit from exposure related to
mobile monitoring. Nonetheless, patient engagement in this
new technology appears to be high and associated with limited
negative effects.

Other psychological factors associated with KardiaM obile usage
should be explored further. High usage may be be driven by the
novelty of the product and positive feelings associated with the
ability to self-monitor (ie, posivite reinforcement). However,
high usage in some individuals could be driven by negative
reinforcement (ie, when a behavior is strengthened because it
provides escape from aversive stimuli) through excessive
reassurance-seeking behaviors. Excessive reassurance seeking
(eg, excessively seeking attention of family members to
physiological symptoms due to fear of dysfunction) provides
feelings of relief in the short term, but may sustain fears and
anxiety about health in the long term [10]. KardiaMobile use
and other patient-centered technologies have the potential to
serve as a real-time reassurance mechanism, but providers
should pay attention to problematic excessive use patterns that
could be maintaining health anxiety.
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There were severa limitations associated with the current study.
Patients with |CDs are inherently reliant on their implantable
devices dueto the nature of their disease state, which may have
increased mECG device acceptance. Additionally, the opt-in
nature of the research may have led to an overestimation of
technology satisfaction. Although KardiaMobile has been
clinically validated for general population use, the overal utility
of MECG devicesislargely unknown in patients with diagnosed
conditions. Itislikely that patientswith known symptomswould
have increased motivation for symptom monitoring. However,
the mECG device used in this study has been validated as a
diagnostictool, butitsclinical utility for continued management
and monitoring of treatment effect has not been investigated.
Mobile ECG devices have been marketed toward users with
previously undetected symptoms, and “silent” sypmtoms of
atrial fibrillation occur in approximately one in three patients
with atria fibrillation [4].

Patients are increasingly being asked to be key shareholders of
their health care teams, and condition-specific medical
technology is now allowing patients to monitor signs and
symptoms from the comfort of their own homes. KardiaMaobile
is one example of how the patient engagement movement is
allowing users to become more involved by putting ECG
technology in the hands of the person most affected. However,
hypervigilance and checking behaviors have been shown to be
associated with an inflated sense of responsibility, which is a
potential risk for mMECG users[14]. Although it is still unclear
whether or not this novel technology has positive or negative
effects on cardiac-related anxiety or physical/mental health
components, the most significant findings of this report show
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that despite a number of differences in background and
presentation of illness, all three users reported high levels of
technol ogy satisfaction using the KardiaM obile device. Ongoing
registry research will provide additional information.

Finally, the effect of increased patient engagement with specific
medical technology on physician well-being should be
considered because these devices could be perceived as an
additional burden. Driven by ever-increasing expectations and
responsibilities, occupational burnout rates are high among
cardiologists, and successful mitigation of burnout will require
adaptations by providers, patients, and health care systems[15].
Critical evaluation of thistechnology by patients and providers
isneeded, and the consequences rel ated to tasking patientswith
dataacquisition and symptom interpretation requires thoughtful
consideration before clinical implementation. Employment of
new technology will be most successful when providers are
able to see these adaptations not as additional clinical duties,
but as part of their overall mission to provide patient-centered
care.

TheKardiaMobile device by AliveCor isanovel way for cardiac
patients to monitor and track their own ECG recordings and
share them with their medical providers. Thistechnology may
not be indicated for all patients, especialy for users with
preexisting cardiac-related anxiety. However, there is
preliminary data to suggest that many users would have high
technol ogy satisfaction using the device. Asadvancesin mobile
technology continueto evolve the landscape of health care, ICD
patients are encouraged to work collaboratively with their
providers to answer the question, “Is smartphone ECG
technology the ‘smart’ option for me?’

Acknowledgments

Grant funding for this research was provided by Medtronic Inc.

Conflictsof Interest

SFS has received honoraria/consulting fees and research grants from Medtronic and Zoll Medical. All funds are directed to East
Carolina University. All the other authors declare that they have no competing interests.

References

1. Bardy G, LeeK, Mark D, Poole JE, Packer DL, Boineau R, Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT)
Investigators. Amiodarone or an implantable cardioverter-defibrillator for congestive heart failure. N Engl JMed 2005 Jan
20;352(3):225-237. [doi: 10.1056/NEJM0a043399] [Medline: 15659722]

2. LowresN, Redfern J, Freedman SB, Orchard J, Bennett AA, BriffaT, et a. Choice of Health Options In prevention of
Cardiovascular Events for people with Atrial Fibrillation (CHOICE-AF): A pilot study. Eur J Cardiovasc Nur 2014 Sep
03;15(1):39-46. [doi: 10.1177/1474515114549687] [Medline: 25187121]

3.  Stewart S,Hart CL, Hole DJ, McMurray JJ. A population-based study of the long-term risks associated with atrial fibrillation:
20-year follow-up of the Renfrew/Paidey study. Am JMed 2002 Oct;113(5):359-364. [doi: 10.1016/S0002-9343(02)01236-6]

[Medline: 12401529]

4.  WilliamsJ, Pearce K, Bennet |, Williams J, Manchester M. The effectiveness of amobile ECG device in identifying AF:
sensitivity, specificity and predictive value. Br J Cardiol 2015 Oct 01;113(5):359-364. [doi: 10.5837/bjc.2015.013]

5. Bardlo S, Triberti S, GraffignaG, Libreri C, Serino S, Hibbard J, et al. eHealth for patient engagement: a systematic review.
Front Psychol 2015;6:2013 [FREE Full text] [doi: 10.3389/fpsyg.2015.02013] [Medline: 26779108]

6.  Menichetti J, Libreri C, Lozza E, Graffigna G. Giving patients a starring role in their own care: a bibliometric anaysis of
theon-going literature debate. Health Expect 2016 Jun;19(3):516-526 [FREE Full text] [doi: 10.1111/hex.12299] [Medline:

25369557]

http://cardio.jmir.org/2018/1/e5/

JMIR Cardio 2018 | vol. 2 |iss. 1|e5|p. 5
(page number not for citation purposes)


http://dx.doi.org/10.1056/NEJMoa043399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15659722&dopt=Abstract
http://dx.doi.org/10.1177/1474515114549687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25187121&dopt=Abstract
http://dx.doi.org/10.1016/S0002-9343(02)01236-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12401529&dopt=Abstract
http://dx.doi.org/10.5837/bjc.2015.013
https://dx.doi.org/10.3389/fpsyg.2015.02013
http://dx.doi.org/10.3389/fpsyg.2015.02013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26779108&dopt=Abstract
http://europepmc.org/abstract/MED/25369557
http://dx.doi.org/10.1111/hex.12299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25369557&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Kropp et al

7.

10.

11.

12.

13.

14.

15.

Greene J, Hibbard JH. Why does patient activation matter? An examination of the relationships between patient activation
and health-related outcomes. J Gen Intern Med 2012 May;27(5):520-526 [FREE Full text] [doi: 10.1007/s11606-011-1931-2]
[Medline: 22127797]

Barello S, Graffigna G. Patient engagement in healthcare: pathways for effective medical decision making. Neuropsychol
Trends 2015;17:53-65. [doi: 10.7358/neur-2015-017-bar]

AliveCor. KardiaMobile URL: https://www.alivecor.com/ [accessed 2017-12-20] [WebCite Cache ID 6vrEHXpNS]

Eifert GH, Thompson RN, Zvolensky MJ, Edwards K, Frazer NL, Haddad JW, et a. The cardiac anxiety questionnaire:
development and preliminary validity. Behav Res Ther 2000 Oct;38(10):1039-1053. [Medline: 11004742]

Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and preliminary tests of
reliability and validity. Med Care 1996 Mar;34(3):220-233. [Medline: 8628042]

Halldorsson B, Salkovskis P. Why do people with OCD and health anxiety seek reassurance excessively? An investigation
of differences and similarities in function. Cognit Ther Res 2017;41(4):619-631 [FREE Full text] [doi:
10.1007/s10608-016-9826-5] [Medline: 28751797]

Aikens JE, Zvolensky MJ, Eifert GH. Differential fear of cardiopulmonary sensationsin emergency room noncardiac chest
pain patients. J Behav Med 2001 Apr;24(2):155-167. [Medline: 11392917]

Belayachi S, Van der Linden M. The cognitive heterogeneity of obsessive-compulsive checking. J Cognit Educat Psychol
2017 Feb 01;16(1):9-22. [doi: 10.1891/1945-8959.16.1.9]

Michel J, Sangha D, Erwin J. Burnout among cardiologists. Am J Cardiol 2017 Mar 15;119(6):938-940. [doi:
10.1016/j.amjcard.2016.11.052] [Medline: 28065490]

Abbreviations

CAQ: Cardiac Anxiety Questionnaire

ECG: electrocardiogram

ICD: implantable cardioverter defibrillator
MECG: mobile electrocardiogram

QoL: quality of life

SF-12v2: 12-Item Short Form Survey version 2

Edited by G Eysenbach; submitted 10.08.17; peer-reviewed by M Mirro, J Redfern, | Kedan; comments to author 25.11.17; revised
version received 22.12.17; accepted 03.01.18; published 21.02.18

Please cite as:

Kropp C, EllisJ, Nekkanti R, Sears S

Monitoring Patients With Implantable Cardioverter Defibrillators Using Mobile Phone Electrocardiogram: Case Sudy
JMIR Cardio 2018;2(1):€5

URL: http://cardio.jmir.org/2018/1/e5/

doi: 10.2196/cardio.8710

PMID: 31758776

©Caley Kropp, Jordan Ellis, Rajasekhar Nekkanti, Samuel Sears. Originally published in IMIR Cardio (http://cardio.jmir.org),
21.02.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Cardio, is properly cited. The complete bibliographic information, alink to
the original publication on http://cardio.jmir.org, as well as this copyright and license information must be included.

http://cardio.jmir.org/2018/1/e5/ JMIR Cardio 2018 | vol. 2 |iss. 1| €5 | p. 6

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/22127797
http://dx.doi.org/10.1007/s11606-011-1931-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22127797&dopt=Abstract
http://dx.doi.org/10.7358/neur-2015-017-bar
https://www.alivecor.com/
http://www.webcitation.org/

                                            6vrEHxpNS
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11004742&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8628042&dopt=Abstract
http://europepmc.org/abstract/MED/28751797
http://dx.doi.org/10.1007/s10608-016-9826-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28751797&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11392917&dopt=Abstract
http://dx.doi.org/10.1891/1945-8959.16.1.9
http://dx.doi.org/10.1016/j.amjcard.2016.11.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28065490&dopt=Abstract
http://cardio.jmir.org/2018/1/e5/
http://dx.doi.org/10.2196/cardio.8710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758776&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

