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Palpitations are a common symptommanaged by general
practitioners and cardiologists; atrial fibrillation (AF) is
the most common arrhythmia in adults. The recent com-
mercial availability of smartphone-based devices and
wearable technologies with arrhythmia detection capabil-
ities has revolutionized the diagnosis and management of
these common medical issues, as it has placed the power
of arrhythmia detection into the hands of the patient.
Numerous mobile health (mHealth) devices that can de-
tect, record, and automatically interpret irregularities in
heart rhythm and abrupt changes in heart rate using
photoplethysmography (PPG)- and electrocardiogram-
based technologies are now commercially available. As
opposed to prescription-based external rhythm monitor-
ing approaches, these devices are more inexpensive and
allow for longer-term monitoring, thus increasing sensi-
tivity for arrhythmia detection, particularly for patients
with infrequent symptoms possibly due to cardiac ar-
rhythmias. These devices can be used to correlate symp-
toms with cardiac arrhythmias, assess efficacy and toxic-
ities of arrhythmia therapies, and screen the population
for serious rhythm disturbances such as AF. Although
several devices have received clearance for AF detection
from the United States Food & Drug Administration, lim-
itations include the need for ECG confirmation for ar-
rhythmias detected by PPG alone, false positives, false
negatives, charging requirements for the battery, and fi-
nancial cost. In summary, the growth of commercially
available devices for remote, patient-facing rhythm mon-
itoring represents an exciting new opportunity in the care
of patients with palpitations and known or suspected
dysrhythmias. Physicians should be familiar with the ev-
idence that underlies their added value to patient care
and, importantly, their current limitations.
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INTRODUCTION

Palpitations are a common complaint and atrial fibrillation
(AF) is the most common sustained arrhythmia in adults. Most

palpitations occur during normal sinus rhythm and AF can be
the cause of palpitations; however, it is often asymptomatic. In
contrast to the majority of palpitations which are benign in
nature, AF is associated with increased risk for thromboem-
bolic events, particularly cardioembolic ischemic strokes,
whether or not they are associated symptoms.1,2 In addition,
AF has been recognized as a contributor to other conditions,
such as dementia, heart failure, and all-cause mortality.3,4

ECG confirmation is necessary for the diagnosis of all cardiac
arrhythmias in order to assess severity, implications, and treat-
ment options. Unfortunately, for those with infrequent and
short-lived symptoms and those with paroxysmal AF with or
without symptoms, traditional short-term cardiac monitors are
ill-suited to provide this critical information. However, the
recent commercial availability of smartphone-based devices
and wearable technologies with arrhythmia detecting capabil-
ities has now placed the power of arrhythmia detection into the
hands of the patient. As a result, clinicians in all
specialties—from general practitioners to cardiac
electrophysiologists—are faced with new diagnostic, and thus
management, opportunities, and challenges. How does one
incorporate these technologies into clinical practice? Can we
trust the information from these devices? Are confirmatory
tests required? What is our responsibility to respond to a test
that we did not order? Here, we explore the landscape of
commercially available wearable technologies and
smartphone-related devices, henceforth described as “mobile
health,” or mHealth; the utility and limitations of the data
gathered; and the associated regulatory and legal implications.
Historically, pulse palpation at bedside was the first clinical

tool used in the detection of arrhythmias. The invention of the
electrocardiogram (ECG) by Einthoven in 1895 allowed for a
more nuanced understanding of rhythm disturbances. Physical
exam and ECG, unfortunately, provide only snapshots of a
patient’s heart rhythm and thus are insufficient for correlating
symptoms with possible rhythm disturbances if they occurred
infrequently or for identifying occult paroxysmal dysrhyth-
mias.5 In fact, in the early studies that form our foundation for
our current understanding of AF, the recognition of AF was
limited to scenarios where a patient was symptomatic and
sought care, at which time electrocardiogram confirmed AF,
or where a patient was asymptomatic at the time of a medical
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encounter but found to be in AF on electrocardiogram that was
obtained in response to an abnormal physical examination.6,7

To improve duration of surveillance and sensitivity of ar-
rhythmia screening, provider-initiated wearable screening
tools became increasingly common.8 In parallel, for the past
few decades, commercially available fitness trackers have
become more popular. In some cases, patients reported inap-
propriate tachycardia during periods of rest, prompting med-
ical attention that confirmed true arrhythmia. This observation
prompted manufacturers to incorporate specific algorithms
into their devices capable of detecting not only rapid rates,
but also irregular rhythms regardless of heart rate. With con-
tinued technological advancements, the field of patient-
initiated heart rate and rhythm monitors has evolved into a
meaningful force in clinical care, with significant implications
for dysrhythmia identification and management.

LIMITATIONS OF TRADITIONAL CARDIAC
MONITORING FOR PALPITATIONS AND AF

The conventional approach to ambulatory rhythm monitoring
for palpitations and AF has centered on prescription-based
devices and strategies, including the Holter monitor, event
monitor, event/patch monitor, and, in some cases, implantable
cardiac monitors (ICM). All of these devices are considered in
the armamentarium of ambulatory rhythm monitors for the
following situations1: recurrent palpitations2; recurrent synco-
pe, for which dysrhythmia is considered a contributing cause3;
stroke or suspected cardioembolic event, where occult AF
could be a causal factor4; evaluation of the burden or rate
control of AF; and5 survey for adverse effects of medications.
This list is not exhaustive, but it underscores the utility of
remote rhythm monitoring, where data collected over a long
period of time can inform clinical decisions and augment data
collected during smaller “snapshots” in time, such as an out-
patient appointment or inpatient hospital stay.
For patients experiencing and practitioners evaluating pal-

pitations, the on-demand electrocardiographic tracings offered
by many commercially available mHealth technologies are
attractive. Less than half of patients presenting to the emer-
gency department with palpitations are given a cardiac diag-
nosis9,10; however, this figure may underestimate the true
burden given the limited time of screening. In the diagnostic
evaluation of palpitations, the data have shown that long
durations of rhythm surveillance are most effective in identi-
fying an arrhythmic cause, especially in patients whose symp-
toms are sporadic. The diagnostic value of a 30-day ambula-
tory rhythm monitoring in a prospective study of patients with
palpitations, syncope, or presyncope was 27.8%, only margin-
ally higher than a study of 24-h Holter monitoring in patients
with palpitations and altered consciousness (15.8%); this low
yield for arrhythmia detection has been replicated in other
studies.11–13 Studies have shown that ambulatory rhythm
monitors most frequently capture benign ventricular or atrial

ectopy, supraventricular tachycardias, or sinus rhythm during
complaints of palpitations.13,14

In general, use of these devices can be limited by the need
for physician orders, financial costs to the patient, narrow time
of rhythm surveillance, and patient compliance that is inverse-
ly proportional to the length of prescribed monitoring. Al-
though the implantable loop recorder has been shown to be
superior to traditional Holter monitors for identifying AF, this
strategy is suboptimal given its invasive nature and cost, and it
may be unnecessary in all but those at highest risk for stroke
where the diagnosis of AF would change management.15,16

Multiple prior studies have suggested that continuous, long-
term monitoring is superior to intermittent rhythm monitoring
for detecting AF events, given the often paroxysmal nature of
AF.17–19 The burgeoning data suggesting the superior sensi-
tivity of continuous monitoring, as well as the increasing
importance of providing this monitoring in an inexpensive,
accessible manner, have provided a ripe environment for
commercially available mobile health technologies.

COMMERCIALLY AVAILABLE MHEALTH
TECHNOLOGY

mHealth devices that are capable of heart rate and/or heart
rhythm monitoring have taken on various forms, including
smartphone apps, wrist-worn smartwatches, rings, necklaces,
clothing-embedded sensors, and patches5,20 (Fig. 1; Table 2).
mHealth technologies for detecting arrhythmias can be divid-
ed into two broad categories: ECG-based tracings and non-
ECG-based modalities.
The primary non-ECG-based modality utilized by mHealth

for arrhythmia detection is photoplethysmography (PPG). De-
vices utilize a light source and a photodetector to determine
changes in light intensity on the skin surface, correlating to
changes in blood tissue volume during different phases of the
cardiac cycle. Algorithms for AF detection were developed
after it was noted that the PPG designed for heart rate (HR)
assessment during exercise alerted some individuals of high
heart rates even when sedentary, prompting further evaluation.
Varying pulse wave intensities and intervals can signal an
inconsistent stroke volume and irregular heartbeat, respective-
ly, both of which are characteristic findings in AF.27 Studies
evaluating the accuracy of heart rate detection via PPG tech-
nology compared to ECG have shown the correlation of heart
rate assessments within just several beats per minute; this
suggests that if these devices were to capture abrupt changes
in heart rate, such that would indicate a sudden change in
rhythm, these findings could be reliable (Fig. 2A).28 Though
ECG remains the gold standard for AF diagnosis, PPG is
already present in most commercially available smartphone
and wearable mobile devices and thus offers a low-cost meth-
od for arrhythmia surveillance if not allowing for specific
arrhythmia diagnosis. Arrhythmias detected by PPG alone
should be confirmed by further ECG assessment.
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(i) AliveCor Kardia Monitor device series. This device utilizes a single-lead ECG strip that can be mounted onto the back of a phone 

case or external card. Patients place one finger from each hand on to the two electrodes on the strip, and the devices records a single-

lead ECG tracing. These devices have integrated algorithms that are able to detect the presence of AF based on the irregularity of the 

RR intervals and presence of a P-wave. Picture source: https://store.alivecor.com/products/kardiamobile

(ii) AliveCor KardiaMobile 6L. This device produces a six-lead ECG tracing by using a sensor on the back of the device that can be 

placed on the leg. It may be well suited for patients with atrial flutter, where flutter waves are better visualized in lead II. Picture 

source: https://store.alivecor.com/products/kardiamobile6l

(iii) Apple Watch. This series of wearable devices has been well studied for the detection of AF. Earlier iterations of the watch relied 

solely on PPG to detect heart rhythm irregularities, however the Series 4 and more recent iterations provide blended PPG and ECG 

capabilities. Picture source: https://www.apple.com/healthcare/apple-watch/

(iv) Fitbit Sense. This wearable device uses PPG technology to detect heart rhythm abnormalities; there are additional apps available to 

provide ECG tracings. In this picture, we see that the Fitbit Sense describes the heart rhythm as AF, normal sinus or inconclusive. 

Picture source: https://www.fitbit.com/global/us/technology/ecg

(v) Samsung Galaxy Watch. This series of wearable devices can detect irregular heart rhythms with blended PPG and ECG technology. 

Here, we see multiple screens showing the device’s prompt for the user to participate in an ECG measurement, a live tracing and an 

interpreted rhythm as sinus, respectively. Picture source: https://www.cnet.com/how-to/samsung-adds-ecg-monitor-to-galaxy-watch-3-

and-galaxy-watch-active-2/
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Figure 1 (A) Venn diagram depicting the primary mechanism of arrhythmia detection for select commercially available devices. Estimated
retail price included. (B) Images of selective devices. (i) AliveCor Kardia Monitor device series. This device utilizes a single-lead ECG strip that
can be mounted onto the back of a phone case or external card. Patients place one finger from each hand on to the two electrodes on the strip,
and the devices records a single-lead ECG tracing. These devices have integrated algorithms that are able to detect the presence of AF based on
the irregularity of the RR intervals and presence of a P-wave. Picture source: https://store.alivecor.com/products/kardiamobile, (ii) AliveCor
KardiaMobile 6L. This device produces a six-lead ECG tracing by using a sensor on the back of the device that can be placed on the leg. It may
be well suited for patients with atrial flutter, where flutter waves are better visualized in lead II. Picture source: https://store.alivecor.com/

products/kardiamobile6l, (iii) Apple Watch. This series of wearable devices has been well studied for the detection of AF. Earlier iterations of
the watch relied solely on PPG to detect heart rhythm irregularities, however the Series 4 and more recent iterations provide blended PPG and
ECG capabilities. Picture source: https://www.apple.com/healthcare/apple-watch/, (iv) Fitbit Sense. This wearable device uses PPG technology
to detect heart rhythm abnormalities; there are additional apps available to provide ECG tracings. In this picture, we see that the Fitbit Sense
describes the heart rhythm as AF, normal sinus or inconclusive. Picture source: https://www.fitbit.com/global/us/technology/ecg, (v) Samsung
Galaxy Watch. This series of wearable devices can detect irregular heart rhythms with blended PPG and ECG technology. Here, we see

multiple screens showing the device’s prompt for the user to participate in an ECG measurement, a live tracing and an interpreted rhythm as
sinus, respectively. Picture source: https://www.cnet.com/how-to/samsung-adds-ecg-monitor-to-galaxy-watch-3-and-galaxy-watch-active-2/
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ARRHYTHMIA DETECTION TECHNOLOGY AND
DIAGNOSTIC ACCURACY

The major devices and technologies using PPG, ECG, and
blended technologies are shown in Figure 1. The field of
ambulatory, smartphone-based PPG analysis has utilized the
device’s camera to capture a pulse waveform from the fin-
ger.29 While studies that examined the diagnostic accuracy of
PPG captured in this manner showed high sensitivity and
specificity in differentiating AF from sinus rhythm when used
in controlled environments, the primary limitations were that it
could only provide a brief snapshot of the heart rate and
rhythm and it put the onus on the user to consciously activate
the device and remain still for the required timeframe (usually
30 s).30,31

In contrast to the on-demand smartphone-based applica-
tions noted above, wearability allows for passive, frequent

sampling of the heart rhythm using PPG and, in many cases,
ECG confirmation.32 The WATCH-AF study found that a
smartwatch-based PPG monitoring system had sensitivity
and specificity for AF greater than 95% within a hospitalized
population, which matched prior studies.24,33

A later version of the Apple Watch employed a different
strategy: While the user is at rest, the watch generates a
tachogram, or plot of pulse intervals, over 60 s, and if irregu-
larity is detected in a single tachogram, it will prompt a
cascade of more frequent tachogram monitoring (Fig. 3). If
five out of six consecutive tachograms are positive for irreg-
ularity, the watch will give the wearer an irregular heart rate
notification. The performance of this feature was evaluated in
the Apple Heart Study, which was a siteless, pragmatic,
single-arm prospective observational study that enrolled over
400,000 participants over a period of 8 months. Among these
participants, 2161 (0.5%) were found to have an irregular

(A) (B)

(C)

Figure 2 Data obtained from three patients using the Apple Watch. (A) PPG data from the Apple Watch showed an abrupt increase in heart
rate (blue arrow) that was associated with palpitations. Subsequent prescription-based ambulatory monitoring revealed paroxysmal

supraventricular tachycardia with pre-excitation; the patient underwent successful ablation for Wolff-Parkinson-White syndrome. In panels
(B) and (C), ECG-rendered from the Apple Watch captured premature atrial complexes and premature ventricular complexes, respectively,

that corresponded to the times of the patients’ symptoms.

191Baman et al: Mobile Health for ArrhythmiasJGIM



pulse as detected by Apple Watch. In situations where an
irregular rhythm was detected, participants were instructed to
arrange a telehealth visit and were given an ECG patch
(ePatch) by mail to be worn for at least 7 days. Of the 450
participants who returned the ePatch, 153 (34%)were found to
have confirmed AF. The study was limited by lack of simul-
taneous ECG confirmation, and due to the paroxysmal nature
of AF, patients who may have had AF during the time of the
notification by the Apple Watch may not have had recurrence
while wearing the ePatch. Subsequent irregular heart rate
notifications were then compared to findings on the ePatch,
and the investigators reported a positive predictive value of
0.84. Another important takeaway from this study relates to
early concerns that direct-to-consumer wearable devices would
lead to over-detection and overutilization of the healthcare
system. The Apple Heart Study found a reassuringly overall
low notification rate of 0.52% that appropriately increased with
age, suggesting that the algorithm, while imperfect, is unlikely
to generate false positive notifications in low-risk individuals.
Importantly, PPG has limitations that must be acknowledged.

First, wrist-worn devices are quite sensitive to motion artifact.26

The AppleWatch irregular notification feature addresses this by
only sampling pulse intervals when it detects that the user is at
rest, which impairs detection of AF during periods of exercise
or arm motion. Second, device performance depends on algo-
rithm design; for example, the Apple Watch algorithm only
generates a notification if five of six tachograms meet criteria
for irregularity. However, each tachogram is triggered at 15-min
intervals, meaning that this approach would miss AF episodes
shorter than 75 min, which if recurrent throughout a given day
could still translate to a clinically meaningful AF burden. Third,
the specificity of PPG algorithms for AF detection is impaired
in the presence of another reason for an irregular pulse, such as
frequent premature atrial or ventricular contractions.34,35

ECG-based algorithms provide a heart rate measurement
and generally classify the patient’s rhythm as sinus, AF, or
inconclusive. Among commercially available smartphone-
based devices, several technology companies have created

products capable of producing a point-of-care ECG tracing,
perhaps most notably the AliveCor Kardia Monitor device
series. In a large cohort study based in Hong Kong, investiga-
tion of the Kardia single-lead ECG device found that 65% of
device-detected AF were confirmed to be accurate by a
reviewing cardiologist. In this study of over 10,000 patients
with mean age of 78 years, the number needed to screen to
make a new accurate AF diagnosis was 145 participants.36 The
sensitivity and specificity of the Kardia monitor were found to
be 99.6% and 97.8%, respectively, in the prospective, 2-cen-
ter, clinician-blinded DETECT AF PRO study.37

It is notable that the Apple Heart Study discussed above
used an earlier iteration of the AppleWatch that did not have a
built-in ECG function to allow for simultaneous rhythm con-
firmation; it only had access to PPG technology. The Apple
Watch Series 4 debuted in the fall of 2018; this model was the
first version of the AppleWatch with built-in single-lead ECG
capability enabled by the user placing their contralateral hand
on the bevel of the watch. When the watch’s PPG feature
produces an irregular rhythm notification, the user is prompted
to obtain an ECG. In a validation study, the performance of the
Apple Watch ECG and an automated app for AF detection
showed a sensitivity of 98.3% and specificity of 99.6% in
distinguishing AF from sinus rhythm, resulting in FDA clear-
ance for use in those without a known AF history (https://
www.apple.com/healthcare/docs/site/Apple_Watch_Arrhyth-
mia_Detection.pdf). Wearable devices that blend PPG and
ECG features can enable constant, passive PPG monitoring
of pulse irregularity and can then prompt the wearer to obtain
an ECG for confirmation if irregularity is detected.
ECG capability is particularly important in allowing remote

communication between patients and providers at the time of
symptom onset; real-world examples are illustrated in Figure 2.

DIAGNOSTIC CONFIRMATION

Based on studies examining the accuracy of mHealth devices
for facilitating AF detection noted above, diagnostic

Figure 3 Schematic demonstrating the algorithm used by the early version of the Apple Watch, which was featured in the Apple Heart Study.
When a user is at rest, the watch generates a 60-second tachogram. If irregularity is noted, the device will trigger subsequent tachograms; if five
of six tachograms are irregular, the user receives a notification of an irregular heart rate. Importantly, more contemporary versions of the

Apple Watch include both PPG (shown here) and ECG (not shown here) features.
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confirmation of AF by a physician is still needed, particularly
for devices that rely solely on PPG. While medical-grade
monitoring is required in devices where PPG alone is used, a
device-rendered ECG strip of AF is likely sufficient to make a
diagnosis of AF if confirmed by a physician. Blended tech-
nologies that utilize both PPG and ECG provide an innovative
way to facilitate early AF detection, but the approach is still
limited. First, charging requirements prevent uninterrupted con-
tinued use and many patients choose not to wear these devices
during sleep. Second, the user must consciously activate the
ECG, which could be problematic for confirming episodes if
such alerts are ignored. Third, while software within these
devices can read the ECG as normal rhythm or AF, these
recordings can be inaccurate and it is incumbent on a medical
provider to confirm these findings. Last, the technology does
not currently offer information on quantifying AF burden or
duration, which may be important in some scenarios.
If device-based ECG confirmation is not available, diagnos-

tic confirmation is recommended using a conventional, contin-
uous ECG monitor based on the frequency of episodes. While
these medical-grade technologies have high accuracy and can
quantify AF burden and duration, the delay between detection
of AF using mHealth and application of a provider-ordered
monitor may result in missed confirmation of AF, especially if
the episodes are infrequent. The use of these time-limited con-
tinuous monitors is appropriate if knowledge of a patient’s AF
burden and/or duration would impact clinical decision-making.
Regardless, physician adjudication is needed to ensure accura-
cy. This can translate to a significant amount of data generated
by mHealth that will require physician interpretation, although
efforts to apply machine learning to this problem are ongoing.38

Table 1 presents the current FDA clearances for these devices in
detecting heart rhythm irregularities Table 2.

PRIMARY CARE PERSPECTIVE

As these devices become increasingly common, it can
be expected that the primary care practitioner will face
questions regarding AF screening, diagnosis, and man-
agement. In light of the aforementioned uses and limi-
tations, when is it appropriate to recommend a commer-
cially available heart rate or rhythm monitor for AF
screening? For a screening tool to be effective, it must
be inexpensive, easy to use, and available; carry mini-
mal risk; and be focused on an at-risk population. Fur-
thermore, the disease itself must be serious, the preva-
lence must be high, and there must be data supporting
the use of early intervention prior to the onset of a
major adverse event. Though AF screening in a high-
risk population appears to fulfill these requirements,
there are no consistent recommendations on AF screen-
ing beyond the use of the physical exam and there are
no specific recommendations on the use of mHealth for
this purpose.39,40 Completed and ongoing studies, in-
cluding the Huawei Heart Study and Heartline Study,
are examining the use of these technologies for AF
screening41 (ht tps : / / c l in ica l t r ia ls .gov/c t2 / show/
NCT04276441).
In contrast to a formalized screening program, a far

more common scenario is when an asymptomatic patient
with no prior history of AF presents to care with an
mHealth device that suggests a new diagnosis of AF.
Figure 4 proposes an algorithm for clinical response; it
should be noted that the most important step is confir-
mation that the AF diagnosis is true. This can be done
by close review of the device-rendered ECG strips, ECG

Table 1 Uses for Commercially Available Ambulatory Rhythm Monitoring, with Indications for deVices Whose Use Is Cleared by the United
States Food and Drug Administration (FDA)

Uses FDA clearance FDA-approved devices

Detection of atrial fibrillation Yes 1. AliveCor Heart Monitor1

2. AliveCor KardiaMobile original and 6L1,2

3. AliveCor KardiaBand (accessory for Apple Watch or iPhone/iPad)3

4. Irregular Rhythm Notification feature on Apple Watch4

5. ECG app on Apple Watch5

6. ECG app on Fitbit Sense6

7. ECG Monitor app on Samsung devices, including Galaxy Watch 37

QTc monitoring Yes AliveCor KardiaMobile 6L8

Potential clinical implications for which further research is needed:
• Evaluate heart rate control in the setting of AF
• Assessment of rhythm control in the patient managed with anti-arrhythmics or post-AF ablation
• Targeted use of “pill-in-pocket” anticoagulation
• Targeted use of “pill-in-pocket” anti-arrhythmic medications
• Evaluation of QRS prolongation in the setting of anti-arrhythmic medication loading

1https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cfm?start_search=1&productcode=DXH&knumber=&applicant=
ALIVECOR%2C%20INC%2E
2https://www.alivecor.com/press/press_release/fda-grants-first-ever-clearance-for-six-lead-personal-ecg-device/
3https://www.accessdata.fda.gov/cdrh_docs/pdf17/K171816.pdf
4https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN180042.pdf
5https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN180044.pdf
6https://www.businesswire.com/news/home/20200914005215/en/
7https://www.accessdata.fda.gov/cdrh_docs/pdf20/K201168.pdf
8https://www.alivecor.com/press/press_release/new-fda-guidance-allows-use-of-kardiamobile-6l-to-measure-qtc-in-covid-19-patients/

193Baman et al: Mobile Health for ArrhythmiasJGIM

at the time of the medical encounter if cardiac auscul-

https://clinicaltrials.gov/ct2/show/NCT04276441
https://clinicaltrials.gov/ct2/show/NCT04276441
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cfm?start_search=1&productcode=DXH&knumber=&applicant=ALIVECOR%2C%20INC%2E
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cfm?start_search=1&productcode=DXH&knumber=&applicant=ALIVECOR%2C%20INC%2E
http://www.alivecor.com/press/press_release/fda-grants-first-ever-clearance-for-six-lead-personal-ecg-device/
http://www.accessdata.fda.gov/cdrh_docs/pdf17/K171816.pdf
http://www.accessdata.fda.gov/cdrh_docs/reviews/DEN180042.pdf
http://www.accessdata.fda.gov/cdrh_docs/reviews/DEN180044.pdf
http://www.businesswire.com/news/home/20200914005215/en/
http://www.accessdata.fda.gov/cdrh_docs/pdf20/K201168.pdf
http://www.alivecor.com/press/press_release/new-fda-guidance-allows-use-of-kardiamobile-6l-to-measure-qtc-in-covid-19-patients/


BILLING FOR MONITORING TECHNOLOGY AND
INCORPORATING PATIENT MONITORING DATA INTO

EHR

The increased integration of mHealth into screening and early
identification of patients at risk of AF has significant implica-
tions for reimbursement and overall billing strategies. The
European Health Economic Trial on Home Monitoring in
ICD Therapy (EuroEco) suggested that follow-up costs for

Figure 4 Proposed management schema for the management of new subclinical AF as recognized by mobile health technology.

Table 2 Validation Studies for Selected Ambulatory Rhythm Monitoring Technologies for Atrial Fibrillation

Device n Setting Comparator Sensitivity
(%)

Specificity
(%)

Hand-held ECG devices Zenicor21 100 Outpatient cardiology
clinic

12-lead ECG
interpreted by
cardiologist

96 72

MyDiagnostick22 192 Outpatient cardiology
clinic

12-lead ECG
interpreted by
cardiologist

100 96

Omron HCG-80123 999 Primary care practices 12-lead ECG
interpreted by
cardiologist

94.4 94.6

Merlin ECG event
recorders23

999 Primary care practices 12-lead ECG
interpreted by
cardiologist

93.9 90.1

PPG Apple Watch24 51 Recruited patients
undergoing cardioversion

12-lead ECG
interpreted by
cardiologist

98.0 90.2

Smartphone ECG device AliveCor Kardia
Mobile25

204 Recruited patients 12-lead ECG
interpreted by
cardiologist

98 97

Smartwatch with combined
ECG and PPG features

Samsung Simband
2.026

40 Recruited patients from
outpatient clinic

Holter monitor 98.2 98.1
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tation is suggestive of AF, or follow-up with ambulatory
rhythmmonitoring, such as those described above. Subclinical
AF as detected by implantable cardiac devices, such as pace-
makers and defibrillators, has previously been shown to be
associated with increased rates of stroke; thus, by extrapolat-
ing this data, it would be reasonable to consider therapy to
reduce thromboembolic stroke risk in those found to have
mHealth-detected AF and with associated risk factors, per
CHA2DS2-VASc scoring.

5,42–45



providers were similar, regardless of whether the patient was
seen remotely or in clinic. Despite the necessary structural
reorganization to accommodate remote visits, the cost of
healthcare both for the payers and for the providers was
statistically similar. Additionally, the study found that partic-
ipants monitoring their symptoms from home had numerically
fewer hospitalizations and shorter length of stay.46

As healthcare, particularly in the space of arrhythmia man-
agement, is increasingly delivered remotely, there is a clear
need to revise the billing system. The conventional billing
strategy for discrete events proves less favorable. Instead,
one group suggested a subscription-based system that gives
patients a 1-year access to hardware, software, and other
services to monitor and analyze continuous input from de-
vices. This strategy would compensate providers for caring for
patients remotely and enable patients to continue receiving
accurate and timely interpretation of results.47

In addition to billing, an emerging challenge is incorpora-
tion of an increasing burden of remote data into a patient’s
electronic health records. Provider experience with CIEDs
could shed insight into this transition. CIEDs currently trans-
mit data from a single patient to a remote transceiver and
ultimately the manufacturer’s server. Individual practices are
able to access the server in order to analyze the patient data,
and these data reports can be uploaded into a patient’s chart.
Unfortunately, many current EHR systems do not permit
patients to send attachments; as a result, patients often use
non-HIPAA-compliant means of communication, including
email, to share personal health information. One potential
solution would be a secure cloud-based design to store patient
data and for providers to them access directly.

LEGAL CONSIDERATIONS FOR PHYSICIANS USING
SCREENING PROGRAMS

While monitoring patients can potentially detect latent cardio-
vascular risk factors, there are several legal responsibilities
that must be addressed to ensure that patients and providers
are providing cost-effective and safe care. Since monitoring
technologies are becoming increasingly accessible to the
masses, the focus is shifting from physicians administering
screening tests to patients individually sharing personal health
data with their medical teams. As a result, physicians must
balance this increasing influx of data with efficient data review
and effective follow-up. While the traditional medicolegal
framework has not been adapted for managing this new source
of patient-driven data, it is recommended that providers adhere
to clear practices to reduce the risk of litigation and improve
patient outcomes: clear communication with patients, timely
follow-up with data, and clear counseling.48 The medicolegal
ramifications of a missed diagnosis of AF that was captured on
mHealth or, yet worse, a cardioembolic stroke that occurred
while off anticoagulation in a patient in whom AF was detect-
ed on mHealth are unclear at this point.

A PROMISING FUTURE: OPPORTUNITIES BEYOND AF
DETECTION

While it is clear that increased AF burden is associated with
higher risk of systemic embolism, most of the prior studies
establishing this pattern were performed in patients with car-
diac implantable electronic devices (CIEDs), rather than com-
mercially available mHealth technologies.34,42–44,49–52 The
clinical implications for mHealth-detected AF, as compared
to conventionally detected AF, are not yet known. Other
theoretical uses for mHealth include targeted, or “pill-in-pock-
et,” anticoagulation53,54; QTc monitoring in patients taking
QT-prolonging medications55; on-demand rhythm control
with pill-in-pocket anti-arrhythmic medications56; and evalu-
ation of long-term rate control in AF. At this current time,
these uses are largely investigative, except for those outlined
in Table 1. The possibilities in this space are incredible, but
further rigorous investigation is needed to clarify their clinical
utility.

CONCLUSIONS

Commercially available mHealth technologies are becomingly
increasingly more common, and clinicians now face the chal-
lenge of interpreting their data and deciding how to incorpo-
rate these data into a particular patient’s medical profile. There
are many possible uses for these data, including evaluation of
on-demand ECG strips at time of palpitations and screening
for subclinical AF; however, incorporation of these data into
clinical decision-making models is in its relative infancy.
Further studies are needed to define how to use these data in
an evidence-based manner.
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