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BACKGROUND A smartphone-enabled device has been developed
that provides a single-lead electrocardiogram using a portable
monitor. The increase in direct-to-consumer medical devices may
lead to health disparities affecting members of socially disadvan-
taged populations.

OBJECTIVE Here we provide a single center’s experience in the use
of this device in a pediatric cardiology clinic using a loan-based pro-
gram. We also compare it to retrospective data from patients who
received a traditional nonlooping event monitor.

METHODS Forty AliveCor Kardia monitor devices were purchased
with grant support from the South Carolina TeleHealth Alliance.
The devices were provided between June 2018 and August 2019
to patients presenting to the pediatric cardiology clinic who would
have otherwise received a nonlooping event monitor. A retrospec-
tive chart review was performed for all patients who were given a
MicroER nonlooping event monitor between May and December
of 2017.
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RESULTS Over a 15-month period, 65 patients were given the smart-
phone device. A total of 692 tracings were recorded by patients with 9
abnormal recordings. Of the devices expected to be returned, 35 de-
vices have been returned to clinic (54%). Over an 8-month period,
61 patients received the traditional event monitors, accounting for
a total of 142 transmissions with 3 abnormal transmissions.

CONCLUSION Our results reveal adequate use of the device with
reliable tracings and show more frequent utilization of the
smartphone-enabled device. Utilization of these devices in a
loan-based program may improve access to care with improved
methods to ensure return of the devices.
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Introduction
With the advancement of technology in medicine there has
been an increase in the introduction of direct-to-consumer
medical devices. Many devices have focused on providing
consumers with data regarding their cardiovascular health,
including heart rate variability and single-lead electrocardi-
ography (ECG).1 These technologies have been advanced
by the introduction of wireless technologies for communica-
tion and networking (Wi-Fi, Bluetooth) as well as advances
in novel materials used for ECG sensors.2 Smartphone
ownership has also increased rapidly, with recent studies
showing that 95% of citizens under the age of 34 years in
the United States currently own a smartphone device.3 Inte-
grating new technologies into the current health environment
is essential to creating sustainable healthcare systems that
provide adequate care that includes underserved pediatric
populations.4

The AliveCor Kardia heart monitor (AliveCor, San Fran-
cisco, CA) is a small, direct-to-consumer wireless ECG
monitor that pairs with a smartphone via an app. It provides
a 30-second single-lead ECG comparable to lead 1 on a stan-
dard ECG by having the patient place a finger from each hand
on the electrodes or place the device directly on the chest. The
device has been studied as a method to evaluate palpitations
in competitive athletes during play as a means to allow them
to return to play faster.5 The Kardia monitor has also been
shown to accurately measure heart rate, rhythm, and interval
lengths when compared to 12-lead ECG.6,7 Previous studies
have also evaluated the use of the Kardia monitor in pediatric
patients with previously diagnosed arrhythmias and have
shown that the monitor provides adequate tracings to identify
tachyarrhythmias in pediatric patients.8,9 The introduction of
direct-to-consumer medical devices and their rapid develop-
ment and distribution may allow healthcare providers to ac-
cess more patient data and can aid in the diagnosis and
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KEY FINDINGS

� A smartphone-enabled monitor can be used successfully
to evaluate for arrhythmias in a pediatric cardiology
clinic as a replacement for a more traditional event
monitor.

� The use of a smartphone-enabled device resulted in a
statistically significant increase in transmission fre-
quency when compared to a more traditional event
monitor.

� The smartphone-enabled device was well accepted by
families, based on survey responses.

� A loan-based program can be used with a smartphone-
enabled monitor in a pediatric cardiology clinic but re-
quires improved methods for device return.
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management of disease. However, they also risk exacer-
bating the already present inequities in healthcare for those
who cannot afford these devices.

In this study we evaluate a loan-based program to provide
the smartphone-enabled device to families during routine
management of patients presenting to our outpatient clinics
with concerns for arrhythmia. We also will compare the de-
vice use to a more traditional nonlooping event monitor in
a similar patient population.
Methods
In order to evaluate the use of the novel smartphone-enabled
device, we conducted a retrospective single-center case-con-
trol study. The Institutional Review Board at the Medical Uni-
versity of South Carolina (MUSC) approved this retrospective
study. Forty Kardia Monitor devices were purchased with
grant support from the South Carolina TeleHealth Alliance.
Beginning in June 2018, we provided the Kardia tele-ECG de-
vices on a loan basis to patients at no charge in our outpatient
pediatric cardiology clinics. The device was set up in the clinic
and the patients were instructed on its use and assisted in the
download of the smartphone app as well as set-up of an online
account. A postmarked envelopewith postage was provided to
allow the family to return the device and a survey after
completing a prespecified interval. The survey (Figure 1)
included questions on the ease of setting up the device as
well as its use. Patient selection was based on clinician prefer-
ence and was used in place of more traditional event monitors.
Patient transmissions were automatically uploaded to Alive-
Cor’s secure, encrypted servers and available for review on
AliveCor’s website. All patients given the Kardia monitor be-
tween June 2018 and August 2019 were included in the retro-
spective review. All transmissions were reviewed by 1 of 2
board-certified pediatric electrophysiologists. Data regarding
patient demographics, past medical history, presenting
complaint, and results of transmissions was collected. A retro-
spective chart review was performed between May and
December 2017 prior to the use of the Kardia monitor. The
time period selected for the traditional event monitor was prior
to the use of the Kardia monitor in order to obtain a represen-
tative sample of controls without confounding the results
owing to selection bias. All patients who received the Mi-
croER event monitor (Instromedix, San Diego, CA) within
the study period were included. Data regarding patient demo-
graphics, past medical history, presenting complaint, and re-
sults of transmissions were collected from the electronic
medical record. Demographic and clinical indication data
were presented as frequencies for categorical variables. Trans-
mission frequency data were presented as median with 25%
and 75% interquartile range (IQR). Descriptive and c2 ana-
lyses were performed where appropriate. The significance
level was set at an alpha level of P � .05. A Mann-Whitney
test was performed for continuous variables.
Results
A total of 126 patients were included in the study. Of these,
65 were given the smartphone-enabled device between June
2018 and August 2019. Patients ranged between 3 months
and 49 years of age (average 15 years of age); 48% were
male and 89.2% white (Table 1). Of the patients given the
smartphone-enabled device, 12 (18.5%) had a history of
structural heart disease, with 4 of those 12 having a previ-
ously diagnosed arrhythmia. An additional 15 (23.1%) pa-
tients without structural heart disease also had a previously
diagnosed arrhythmia. The remaining 38 patients (58.5%)
had no history of structural heart disease or arrhythmia. Indi-
cation for the device included a history of palpitations, chest
pain, or syncope (Table 1).

A total of 692 transmissions were received from the
smartphone-enabled devices. Of the 692 submitted transmis-
sions, 688 (99.4%) were deemed to be of adequate quality,
with 683 (98.7%) normal and 9 (1.3%) abnormal transmis-
sions, all with supraventricular tachycardia (SVT). Among
the 9 abnormal transmissions, 3 transmissions were in 2 pa-
tients without a history of arrhythmia or congenital heart dis-
ease that presented for palpitations. The remaining 6
abnormal transmissions were in 3 patients, 2 with known his-
tory of SVT and 1 with congenital heart disease without a his-
tory of arrhythmia. Infrequent atrial and ventricular ectopy as
well as 1 patient with paced rhythm were included in the
normal transmissions. Of the submitted transmissions, 57
(8.2%) also included voice recordings associated with symp-
toms. The number of transmissions per patient ranged be-
tween 0 and 94 transmissions, with a median of 4 and IQR
of 1–16 (Figure 2). Fourteen (21.5%) patients submitted no
transmissions.

The comparison group included 61 patients who were pro-
vided the traditional event monitor. Patient ranged between 1
month and 57 years of age (average 13 years of age); 41%
were male and 78.7% white (Table 1). Three (4.9%) patients
had a history of structural heart disease and 11 (18%) patients
without structural heart disease had a previously diagnosed
arrhythmia. The remaining 47 patients (77%) had no history



Table 1 Demographics and indication of study population and
control group

Characteristic Kardia monitor MicroER P value

Male/female 31/34 25/36 .57
Race (%) .27

Kardia Device Survey

Questions Strongly 
Disagree

Disagree Neutral Agree Strongly 
Agree

The device was easy to set up

It was easy to record ECG tracings

It was easy to transmit ECG strips to 
my doctor

The device was easy to carry with me

The device was not disruptive to my 
work/school day

I would buy a device like this

I consider myself good at using new
technology

Overall I was happy with this device

Figure 1 Survey provided to families who received Kardia monitor (AliveCor, San Francisco, CA).
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of structural heart disease or arrhythmia. The most common
indication was palpitations (Table 1).

A total of 142 transmissions were sent. Of the 142 trans-
missions, all but 1 was interpretable. Three transmissions
(2.1%) were abnormal and showed SVT. Two were from pa-
tients with no history of arrhythmia or congenital heart dis-
ease and 1 was from a patient with history of SVT. The
number of transmissions per patient ranged between 0 and
22 transmissions, with a median of 1 and IQR of 0–2
(Figure 2). Twenty-four (39.3%) patients submitted no trans-
missions.

There was no statistically significant difference in sex,
age, race, or ethnicity between the 2 groups (Table 1). There
was a significantly higher prevalence of arrhythmia moni-
toring in the smartphone-enabled device group when
compared to the traditional event monitor. Those who
received the smartphone-enabled device transmitted tracings
significantly more frequently than those who received the
traditional event monitor, P , .001.

Of the patients who performed the survey (38%), all either
agreed or strongly agreed that the smartphone-enabled device
was easy to set up and use and were overall happy with the
device. No respondents strongly disagreed or disagreed
with any survey questions (Figure 1).
White 58 (89.2%) 48 (78.7%)
Black 6 (9.2%) 11 (18%)
Other 1 (1.5%) 2 (3%)

Ethnicity (%)
Non-Hispanic 62 (95.4%) 57 (93.4%) .63
Hispanic 3 (4.6%) 4 (6.6%)

Mean age (SD) 15 (9) 13 (8) .15
Indication (%)
Palpitations 44 (67.7%) 52 (85.2%) .004
Arrhythmia monitoring 17 (26.2%) 2 (3.3%)
Chest pain 3 (4.6%) 5 (8.2%)
Syncope 1 (1.5%) 2 (3.3%)

SD 5 standard deviation.
Discussion
Concern for primary arrhythmia is a common cause for
referral to pediatric cardiology, with studies showing an inci-
dence of 24.4 per 100,000 live births.10 SVT is the most com-
mon arrhythmia found in the pediatric population, with the
majority secondary to the presence of an accessory
pathway.11 Multiple studies have been performed to evaluate
the effectiveness of ambulatory ECG monitoring in the
pediatric population. In 1 single-center study with 495 pedi-
atric patients, 48% of patients with a transtelephonic ECG
monitor had a useful diagnosis, with the remainder of patients
failing to submit a single eligible recording.12

The diagnostic yield of an ambulatory ECG monitor is
dependent on both the ability to detect abnormal rhythms
and the ability to exclude arrhythmia in the presence of symp-
toms for which the patient was referred. Our study population
had a significantly better diagnostic yield, with only 21.5% of
patients not submitting a transmission compared to 39.3% of
patients who were given the traditional event monitor. This
may be related to selection bias, as patients were not
randomly selected to receive the monitor over other more
traditional forms of ambulatory ECG monitoring and, as
such, may be more likely to submit transmissions. The
increased transmission rate may also be related to the fact
that the smartphone-enabled device is easier to carry and is
linked to the smartphone, which is likely always carried



Figure 2 Number of transmissions in those given traditional event monitor MicroER (Instromedix, San Diego, CA) compared to those given smartphone-
enabled device Kardia monitor (AliveCor, San Francisco, CA). Median number of transmissions in MicroER group, with median of 1 and interquartile range
(IQR) of 0–2, compared to Kardia group, with median of 4 and IQR of 1–16, showing higher transmission frequency in Kardia group (P , .001).
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with the patient. There were a total of 5 patients with SVT in
the study group and 3 patients in the traditional event monitor
group. The increased transmission frequency in the Kardia
group, with the majority being normal transmissions, resulted
in a decreased percentage of abnormal results (1.15%) when
compared to the traditional event monitor group (2%). While
an increased transmission frequency may aid in the diag-
nostic yield of ambulatory monitors, it could also result in
larger volumes of data that physicians and care teams must
evaluate.

Previous studies in adults have shown that the Kardia
monitor can be used effectively to evaluate patients present-
ing with palpitations in the outpatient setting.13,14 A study
performed in pediatric patients presenting with palpitations
showed a greater diagnostic arrhythmia yield using the Kar-
dia monitor than a standard event recorder.15 Our data show
similar results, with over half of patients presenting with pal-
pitations in both study groups and nearly 75% of those with
palpitations submitting recordings in the smartphone-enabled
device group vs 62% in the traditional event monitor group.

At a cost of $89.00, the AliveCor Kardia monitor is avail-
able as a direct-to-consumer medical device. A more recent
device has also been released by AliveCor that allows for a
6-lead ECG recording at a cost of $149.00. These devices
are significantly less expensive than many more conventional
forms of ambulatory ECG devices and could allow for
decreased healthcare-related costs for many common presen-
tations in the pediatric cardiology outpatient visit. Other
forms of ambulatory monitoring also require costly analysis
systems, while the Kardia monitor review system is $15.00
per patient for the month. The Kardia monitor does not
require frequent maintenance and has a reported battery life
of 12 months. During our study we have not had any Kardia
monitors that have required maintenance or battery replace-
ment. A case study by the York Health Economics Con-
sortium16 to evaluate cost effectiveness of the use of the
Kardia monitor in the diagnosis of atrial fibrillation in adults
found a cost savings of £968 per patient per year from a Na-
tional Health System perspective.

However, direct-to-consumer medical devices create an
environment that may allow for health disparities affecting
members of socially disadvantaged populations who do not
have the same access to these devices. Our approach hoped
to provide a framework that can allow for improved access
to such devices that are deemed clinically beneficial to these
populations. The devices used in this study were purchased
using grant funding and provided to patients as a loan with
instruction to return the devices after use. This method allows
for the reuse of a small batch of devices with multiple patients
at a small initial cost. The subsequent reuse of the devices
also decreases the cost associated with outpatient rhythm
monitoring and can provide significant cost savings for this
patient population.

Given the need for device reuse, device return is an impor-
tant aspect of the loan-based program, and this study attemp-
ted to evaluate postmarked envelopes as a means of device
return. Of the 65 patients included in the study 35 (54%) re-
turned the device. All patients also received 1 reminder call
and an e-mail to have them return the device after their period
of monitoring was complete. A return rate of 54% would not
be financially sustainable, and this reveals one of the major
barriers to successful implementation of this program in a
general pediatric cardiology clinic. A successful loan-based
program would need improved methods to assist in the return
of the device or methods to offset the cost of lost devices. One
method may be the scheduling of a follow-up appointment
after completion of the study period to discuss the results
of the monitor as well as return the device. This can create
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an incentive for the patient to return to the clinic to receive his
or her results and improve device return. Charging the fam-
ilies for devices that are not returned may also improve de-
vice return and would also offset the financial burden of a
poor device return rate. This method is commonly used for
other event monitors that also face similar problems with de-
vice return. Patients who lose the MicroER event monitor are
charged $120 by the company, a fee that serves to improve
device return and offset the cost of lost devices.

The survey results show that the device was well accepted
by the patients and their families, with all respondents stating
that they agreed or strongly agreed that the smartphone-
enabled device was easy to set up and use and were overall
happy with the device.

Conclusion
This study is the first to evaluate the use of a smartphone-
enabled device in a loan-based program as a replacement of
more commonly used ambulatory rhythmmonitoring devices
in a pediatric cardiology clinic setting. Our results show that
the device provides tracings of adequate diagnostic quality
and can be used successfully in the pediatric cardiology clinic
setting for the evaluation of arrhythmias. Our data also shows
improved diagnostic yield of the smartphone-enabled device
when compared to a more standard nonlooping event
recorder, with a statistically significantly increased number
of transmissions in the smartphone-enabled device group.
Our results showed that inadequate device return is one of
the primary barriers to successful implementation of a loan-
based program and that strategies to mitigate poor return
are required to implement such a program in the outpatient
setting.
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