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This collaborative statement from the Digital Health Committee of the
Heart Rhythm Society provides everyday clinical scenarios in which
wearables may be utilized by patients for cardiovascular health and
arrhythmia management. We describe herein the spectrum of wear-
ables that are commercially available for patients, and their benefits,
shortcomings and areas for technological improvement. Although
wearables for rhythm diagnosis and management have not been
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examined in large randomized clinical trials, undoubtedly the usage
of wearables has quickly escalated in clinical practice. This document
is the first of a planned series in which we will update information on
wearables as they are revised and released to consumers.
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Introduction
Consumer and patient relationships with clinicians have
changed drastically due to the expanded use of wearable
health devices. As patients/consumers gain access to a wide
variety of over-the-counter wearable tools, they are empow-
ered by possessing, controlling, and managing their own
health data. This shift is redefining the role of consumers
and patients in driving their medical management.1,2 More-
over, the technology industry continues to invest in the ability
of consumers and patients to self-monitor their health data.
Thus, it becomes necessary to account for the patient/con-
sumer in any initiative aiming to expand and guide the use
of available wearables in daily clinical practice. On the other
hand, clinicians are facing a new and large pipeline of health
data from multitudes of wearable devices.3

This document will be annually updated with information on
the rapid technology developments to guide the use ofwearables
among consumers, patients and clinicians. We present common
clinical scenarios seen in everyday clinical practice in which the
provider will be confronted by health data obtained through
wearable devices for screening, diagnostic or monitoring pur-
poses. The documentwill also serve to help consumers, patients,
industry and clinicians update their knowledge of available and
upcoming wearable technologies and help decide which device
best fits the patient’s needs (Figure 1).

This document should be used by providers as a guide to
navigate this complex and rapidly evolving field. Due to a
lack of large randomized controlled trials, we do not make
any specific recommendations on the use of specific devices.
Clinical Scenario #1: A 76-year-old man with
diabetes, hypertension and coronary artery
disease but with no known atrial fibrillation
(AF). He has not had palpitations, but he is
worried about his risk of AF.
Many studies have shown that screening for AF in a population
with high prevalence will lead to detection of a substantial num-
ber of patientswithAF. In a Swedish systematic screening study,
individuals aged 75-76 years had 3% new AF detected using 2
weeks of intermittent electrocardiography (ECG).4 In the
mSToPS study, an ECG patch was used for up to 4 weeks in
an elderly population (mean age 72.4) and 3.9 % new AF was
detected.5 Implanted loop recorders (ILRs) with longer moni-
toring periods in an older high-risk population can detect AF
at a rate of 34.4% per person-year (95% confidence interval
[CI], 27.7–42.3).6 In contrast, detection ofAFwas low in studies



Figure 1 Wearables such as smartwatches, wristbands, rings, handhelds, chest patches and chest straps may provide real time data such as heart rate using
plethysmography, heart rhythm using electrocardiogram, blood pressure, pulse oximetry and activity/sleep.
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of younger individuals, using either single time point ECG
screening or prolonged screening using photoplethysmography
(PPG) in owners of smartwatches.7Ameta-analysis of 10 studies
found that smartphone camera applications to detect AF had
reasonably high sensitivity (94.2%), specificity (95.8%), and
negative predictive value (99.8%), but the positive predictive
value was generally low and false-positive AF results exceeded
true-positive results.8

Overall, AF detection through screening depends on the un-
derlying prevalence in the population and the method and
duration of detection. In countries with low health care con-
sumption, AF is more likely to remain undiagnosed and AF
screening efforts may lead to a higher number of diagnosed
AF patients. Traditionally, the diagnosis of AF required a
12-lead ECG.9More recent digital developments have allowed
for easier access to portable ECGs through ambulatory equip-
ment, watches with 1-lead ECGs or ECG patches. It remains
difficult to monitor the heart rhythm using an ECG for pro-
longed periods of time without an invasive device. However,
PPG-enabled devices can enable heart rhythm monitoring
for longer periods of time and allow for real time ECG capture
when prompted by the device or patient. The Apple Heart
study enrolled 419,297 participants in the USA over 8 months
to evaluate whether a PPG-enabled device could detect AF in
individuals without a known history of the disease. Once an
initial tachogram met irregularity criteria, the algorithm
scanned for PPG irregularities during periods of minimal
arm movement. If four subsequent irregular tachograms
were confirmed, the participant was notified of an irregular
pulse via a notification on the smartwatch and study app.
The positive predictive value for AF detection was 84% and
was 71% for the irregular notification algorithm and individual
tachograms.10 Advanced machine learning techniques may
improve AF detection more as deep neural networks have
shown excellent performance against gold standard 12-lead
ECG.11 Indeed, in a recent multi-center trial of 203 patients
with history of cryptogenic stroke or transient ischemic attack,
a 30-day smartphone ECG recording was superior for the
detection of AF when compared with the standard repeat 24-
h Holter monitoring.12

While wearables have potential to diagnose AF early and
prevent AF progression and complications, many uncertainties
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remain, including what patient groups to target for screening
and the need to prove that early detection of AF prevents
adverse outcomes. The ongoing HEARTLINE trial is the first
randomized trial to investigate whether detecting symptomatic
and asymptomatic AF with the use of a smartwatch device
(with combined PPG and ECG) would improve clinical AF
diagnosis, reduce hard outcomes and increase compliance
with anticoagulation therapy (NCT04276441 2020).

Future Directions
While screening for AF is gaining substantial and broad interest
in the clinical community, numerous uncertainties remain. First,
it is important to define the population that should be screened
for AF. There is consensus for the need to screen patients with
embolic stroke of undetermined source and those with symp-
toms that suggest AF.13 However, it is not clear who beyond
these groups of patients should be screened for AF. Studies
have also shown that the longer monitoring periods will lead
to higher yield for AF screening.6 There is a need to define the
ideal patient population and monitoring period to identify those
who would benefit from screening for AF.Whether intervening
by initiating anticoagulationwould lead to better outcomes is yet
to be determined.14 For screening to be beneficial and justified,
evidenceof improvement inpatient care andoutcomes as a result
of earlier AF detection is needed.14 Future studies should focus
on patient populations who may particularly benefit from
screening (people .75 years and patients with risk factors for
AF) and determine the ideal monitoring period for detection of
undiagnosed AF. Second, the most accurate, user-friendly,
and cost-effective modalities should be defined. Third, more
prognostic information on subclinical AF is needed. It is not
clear if this entity portends the same risk of stroke and heart fail-
ure as clinicalAF.Finally,moredata areneededon theoutcomes
of potential interventions for subclinical AF, including anticoa-
gulation and rate and rhythm control strategies.
Incentive for Innovation
There are several incentives for innovation, including the sig-
nificance and large magnitude of the problem.15 In one study,
of the 5.3 million Americans with AF, 698,900 (13.1%) were
found to have undiagnosed AF, and this is likely the tip of the
iceberg.15 Another incentive for innovation is the potential of
early detection of AF to result in improved attention to life-
style modification and better outcomes, including reduced
risk of stroke and heart failure and prevention of cardiac re-
modeling. The potential for cost savings is noteworthy, as
with early detection and management of AF one may prevent
adverse sequelae such as stroke and heart failure.
Clinical Scenario #2: A 40-year-old man with no
past medical history presents to your clinic with
palpitations.
Palpitations may be due to changes in emotional or psycho-
logical states, prescribed or illicit drugs, excessive alcohol
use, smoking, strenuous exercise, or excessive consumption
of caffeinated drinks. Palpitations may also be due to cardiac
arrhythmias such as sinus tachycardia, premature atrial and
ventricular ectopy, supraventricular tachycardia (SVT), ven-
tricular tachycardia (VT), AF or atrial flutter.16

Wearable devices offer a unique opportunity to capture and
diagnose such arrhythmias during infrequent episodes of palpa-
tions by using one or both types of sensors: the ECG, which is a
recording of the heart electrical activity, and PPG, which uses
light to detect changes of blood volume in the microvascular
bed of tissue. As the PPG is not measuring the electrical signals
and is ameasurement of cardiacmechanical changes, it can only
be used as a proxy for the actual rhythm. It may be used as a
screening tool to identify patients at risk for having AF or
SVT, but these patients would ultimately require an ECG for
diagnosis.17–19 The frequency of the palpitations is important
in determining the monitor needed for diagnosis. Rare or
short-lasting episodes in which the patient would not have suffi-
cient time to activate a wearable device would require a physi-
cian prescribed monitor.

By analyzing the continuous heart rate recorded using the
PPG along with the data from an accelerometer, a wearable
can detect the discrepancy between user activity and heart
rate. If the heart rate changes significantly while the user is
resting, it may prompt the user to record an ECG to determine
if the change in heart rate is due to an arrhythmia (https://
support.apple.com/en-us/HT208931).18,19 Smartwatches
and consumer device grade handheld single lead ECGs
have been validated for detection of AF versus sinus rhythm.
However, they have been shown to have variable sensitivities
ranging from 54.5% to 100%.20,21 Lowres et al22 reported
98.5% sensitivity and 91.4% specificity for AF detection,
with a further study indicating sensitivity of 94.6% (95%
CI, 85.1–98.9) and 92.9% specificity (95% CI, 92.0–93.8).

A randomized trial compared symptomatic rhythmdetection
rate of smartphone based handheld ECG devices alongside
standard care versus standard care alone for 242 patients pre-
senting to the emergency department with palpitations and
pre-syncope with no obvious cause evident at initial consulta-
tion. A symptomatic rhythm was detected at 90 days in 69 par-
ticipants (n 5 124; 55.6%; 95% CI, 46.9–64.4%) in the
intervention group versus 11 (n 5 116; 9.5%; 95% CI, 4.2–
14.8) in the control group (relative risk 5.9; 95% CI, 3.3–
10.5; P,.0001). The most common symptomatic rhythms de-
tected were sinus rhythm (in 53 participants; 66.3%), sinus
tachycardia (in 19; 23.8%) and ectopic beats (in 13; 16.3%).
Some participants had more than one symptomatic rhythm re-
corded. Eighty participants had a symptomatic rhythmdetected,
with 12 of these having a symptomatic cardiac arrhythmia
(atrial fibrillation or flutter, SVT and sinus bradycardia) and
68 having sinus rhythm, sinus tachycardia or ectopic rhythm.
Rhythm classifications were confirmed by clinicians.23

Recent advances in machine learning have enabled handheld
ECG devices to automatically detect premature ventricular con-
tractions and supraventricular ectopic beats in addition toAF that
contribute to a significant number of events in patients with pal-
pitations. Further research will improve detection of other

https://support.apple.com/en-us/HT208931
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rhythms such as premature atrial and ventricular beats using
PPG. However, these algorithms need to be validated in large
and diverse patients populations before clinical adaptation.24

Future Directions
Digital health technologies hold great promise for detection
of arrhythmias that may cause palpitations. There is a need
for large clinical studies that validate detection of a wide
range of arrhythmias that may be responsible for palpitations.
Although most consumer ECG devices today provide high
quality signals and with the right algorithm may be able to
detect a wide spectrum of arrhythmias, many of the devices
have only been validated for AF detection. Further algorithm
developments will increase their accuracy and reliability and
improve the clinical use of wearable devices for investigating
all arrhythmic causes of palpitations.

Incentive for Innovation
One of the incentives for innovation is to lower the false positive
rate of detection of arrhythmias while improving specificity,
especially during increased heart rate due to patient activity.
This would reduce patient anxiety prior to physician verifica-
tion, increase utilization of wearables for diagnosis of arrhyth-
mias and reduce dependency on physician prescribed ECG
patches, 24-hour Holter and ILRs for arrhythmia diagnosis.
Clinical Scenario #3: A 22-year-old woman with
no past medical history has noticed she
frequently has an elevated heart rate.
Elevated resting heart rate is a marker of increased autonomic
state or decreased vagal tone in many diseases, including hy-
perthyroidism, dysautonomia, neoplastic disease, substance
abuse, anorexia nervosa, or deconditioning.25,26 Heart rate
variability may be a marker of cardiovascular fitness
revealing a person’s flexibility between the sympathetic
and parasympathetic states, and its temporal indices have
been correlated with predictions of mortality27 and overall
general health.26–28 Many wearables are able to provide
long-term monitoring of heart rate and heart rate variability
using PPG technology over an extended period of time.29

PPG-based technology has the advantage of providing
continuous and long-term non-invasive monitoring of heart
rate through wearable or smartphone devices.19 PPG-based
monitoring can detect sporadic episodes of supraventricular
tachyarrhythmias (SVT) that are particularly frequent in the
young population (,50 years old), who also constitute the
majority of consumers in the digital health market. It is crit-
ical for providers and consumers to become familiarized with
the efficacy and reliability of different wearable devices for
the assessment of heart rate to properly integrate the biomet-
ric data into clinical care and decision-making processes.

The reliability of PPG-based devices in assessing heart rate
has been investigated inmultiple studies, comparing it to either
a 12-lead ECG, other forms of continuous ECGmonitoring, or
pulse oximeter measurements.19,24 There have been encour-
aging results regarding the accuracy of PPG-based wearable
devices for the assessment of heart rate in both controlled30–32

and free-living conditions,33–37 although several challenges
remain to achieve optimal accuracy.38 In most studies, the per-
centage of errors in heart rate measurements for wearable de-
vices did not exceed 10% compared to standard reference
tools. Most devices had a slight tendency to underestimate
heart rate measurements, within a range of 5 beats per minute.
These observations have also been confirmed in a meta-
analysis of 29 studies34 assessing the accuracy of PPG-based
heart rate measurements, suggesting careful interpretation of
PPG-measured heart rate in medical settings where high reli-
ability is required.31,39

On the other hand, testing the accuracy of PPG devices in
different real-life settings has unveiled several sources of in-
accuracy.38,40 Darker skin tones absorb more green light than
lighter ones, interfering with PPG-based mechanisms and
decreasing the accuracy of PPG-based devices in measuring
heart rate.34,41,42 Nevertheless, prospective studies and meta-
analysis have contradicted this observation, showing no sig-
nificant change in accuracy of multiple consumer grade PPG
devices across a wide range of skin tones.38 Additionally, sig-
nificant discrepancies in accuracy and consistency of heart
rate measurements exist between different wearable de-
vices.34 Moreover, physical activity can generate significant
motion artifacts, resulting in false or missing beats.43 Thus,
the accuracy of real-time heart rate monitoring decreases as
exercise intensity increases.29,30,38,44,45 In an observational
study evaluating four devices in different activity settings,
the accuracy decreased by 30% during physical activity
and all devices tended to overestimate heart rate measure-
ments during exercise.38 Cardiovascular conditions associ-
ated with low blood pressure or vasoconstriction could
decrease the accuracy of the PPG measurement. Other re-
ported sources of inaccuracy include body mass index, con-
tact pressure with the skin, larger wrists, and gender.40

Additionally, the assessment of heart rate during tachyar-
rhythmia episodes seems to be more challenging. Sequeira
et al46 measured heart rate during paroxysmal SVT episodes
using 4 different devices (Apple Watch, Polar A360 , Garmin,
Fitbit). During short runs of SVT (,60 seconds), all devices
demonstrated a high error rate in detecting the sudden eleva-
tion in heart rate. Only two devices, Apple Watch and Polar
A360, showed an acceptable accuracy in detecting episodes
of SVT that were longer than 60 seconds. The SAFETY study
investigating the Polar H7, an electrode-based chest strap,
found it to be reliable in detecting AF with .95% specificity
and specificity.47 In another study, smartwatch and wristband
wearables were tested on 102 hospitalized patients and demon-
strated a strong accuracy in estimating heart rate during sinus
rhythm and atrial flutter, but underestimated heart rate during
AF episodes when compared to continuous ECG.48
Future Directions
The cost of heart rate sensors has markedly dropped in the past
decade, with the raw component pricing of light emitting di-
odes and photodiodes in bulk allowing creation of near-
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disposable devices. As the cost of complete monitoring de-
vices drops to allow more ubiquitous use, numerous creative
screening and diagnostic applications are likely, and physi-
cians should be prepared to evaluate previously asymptomatic
individuals with abnormal readings. The detected elevated
heart rate may be a “surrogate marker” for an underlying con-
dition, and real time or early detection may enable prompt
treatment of the root cause of the inappropriate tachycardia.
Incentive for Innovation
Notably, all previously mentioned data explored the accuracy
of heart rate measurements in relatively healthy participants
who were presumably in sinus rhythm. Data evaluating wear-
ables usage for abnormalities in heart rate and heart rate vari-
ability with cardiovascular conditions are scarce.39

Moreover, there have been no large clinical trials evaluating
the clinical implications of high heart rates detected on a
wearable device in real-life settings. Thus, more research is
needed to determine how to interpret the data and how these
data can be utilized for early prevention or to improve cardio-
vascular health in patients with cardiovascular disease.
Clinical Scenario #4: A 65-year-old man with
hypertension and now 3 months post–
pulmonary vein isolation for paroxysmal AF.
Patient wants to stop oral anticoagulant (OAC)
after shared decision making if no prolonged AF
episodes post-ablation.
While many patients may be eager to discontinue anticoagu-
lation in the setting of an effective rhythm control strategy, to
date there are no completed randomized trials assessing the
risks and benefits of anticoagulation cessation following
AF ablation. Upcoming clinical trials, such as Higher Risk
Patients Post-Catheter Ablation for Atrial Fibrillation
(OCEAN) trial (NCT02168829), will help us better our un-
derstanding of what to do with anticoagulation after AF abla-
tion. The ideal option for monitoring using wearables post-
AF ablation is dependent, in part, on the sensitivity of the
monitoring technique for the minimum duration of AF that
may be associated with stroke. Duration of AF in hours,
not minutes, appears to be associated with stroke.49–54

While ILRs would provide sensitivity for AF episodes as
brief as 2 minutes in duration, the cost and invasive nature
limit their routine use for this indication. Daily ECG
checks with wearable technologies have an estimated
sensitivity of only 50%55 and are likely to detect only very
prolonged episodes of AF. A wearable device capable of pas-
sive AF surveillance with PPG and ECG confirmation of the
suspected episodes would be a reasonable choice to provide
ongoing surveillance for recurrence of AF. When compared
with ILRs, sensitivity and specificity for AF detection from
these wearables can exceed 95%.56 A previous study per-
formed simultaneous comparison between ILR and a PPG
smartwatch with ECG confirmation and demonstrated a
sensitivity of 97.5% for AF episodes .1 hour.57 This sug-
gests that wearables may be a viable alternative to ILRs or
event monitors for screening of AF and may be utilized in
monitoring for recurrence of AF after ablation.

Guidelines state that decisions regarding continuation of
OAC more than 2 months post-ablation should be based on
a patient’s stroke risk profile and not on the apparent success
or failure of the ablation procedure.58 Shared decision mak-
ing is required to discuss the benefits and risks of anticoagu-
lation discontinuation in the post-ablation setting.59,60 The
recommendation against anticoagulation discontinuation is
based, in part, on the modest long-term success rate of abla-
tion, the high burden of asymptomatic AF following inter-
vention, and the uncertain role of atrial myopathy that may
promote thromboembolic events in the absence of AF.61

However, given the high prevalence of asymptomatic AF
following ablation, anticoagulation cessation based on symp-
tom resolution alone fails to account for the high proportion
of asymptomatic AF episodes and may expose the patient to a
risk of cardioembolic events.62

Retrospective cohort studies of anticoagulation cessation
post-ablation have found conflicting results. In a study of
6886 post-ablation patients from a US administrative claims
database, only 31.3% of patients remained on OAC 12months
post-procedure. The risk of cardioembolism beyond 3 months
was increased with OAC discontinuation among high-risk pa-
tients, those with a CHA2DS2VASc score of 2 or more (hazard
ratio 2.48 [95% CI, 1.11–5.52]; P ,.05), but not in low-risk
patients, CHA2DS2VASc score 0–1.63 Similar results were
seen in a Swedish registry of 1175 post-ablation patients fol-
lowed for at least a year. Of these, 30.6% discontinued antico-
agulation treatment during the first year. In patients with a
CHA2DS2VASc score of 2 or more, those who discontinued
anticoagulation treatment had a higher rate of ischemic stroke
compared with those continuing anticoagulation [1.6% per
year vs 0.3% per year] (P5 .046). Patients with a
CHA2DS2-VASc score of 2 or more or those who had previ-
ously experienced an ischemic stroke displayed a higher risk
of stroke if anticoagulation treatment was discontinued (hazard
ratio, 4.6; 95% CI, 1.2–17.2; P5 .02; and hazard ratio, 13.7;
95% CI, 2.0–91.9; P5 .007, respectively). In contrast, in a
study of 3355 post-ablation patients, no difference in stroke
rate was observed in the 2692 whose anticoagulation was dis-
continued, including the 40% with CHADS2 score .2.53

Given the high recurrence rate of AF post-ablation and the ten-
dency for recurrences to be asymptomatic in nature, long-term
monitoring would be appropriate if anticoagulation discontin-
uation were to be considered.
Future Directions
Current wearable devices provide information on the pres-
ence or absence of AF. In the future, wearable technologies
that provide information on AF duration and burden could
prove useful in assessing stroke risk and effectiveness of
treatment measured by AF burden reduction. In addition, cus-
tomizable software balancing sensitivity and specificity in a
population with known AF will likely improve device
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accuracy. Prospective trials assessing the feasibility of tar-
geted, time-delimited non-vitamin K antagonist oral antico-
agulant using AF-sensing wearables could potentially limit
OAC usage while still maintaining stroke prevention.

Incentive for Innovation
Discontinuation of OAC after AF ablation happens
frequently in clinical practice and is often driven by patient
demands despite a lack of consistent data supporting its
safety. Conversely, chronic anticoagulation for patients
with infrequent episodes of AF either spontaneously or as
the result of an effective rhythm control strategy including
antiarrhythmic drugs or ablation exposes the patient to the
untoward effects of the drugs during prolonged periods of si-
nus rhythm when stroke risk appears to be low. Wearable de-
vices today are most often used for AF screening.
Improvement in device capabilities and rigorous clinical trial
data establishing the utility of these devices in a population
with known AF would expand their use and potentially
improve patient outcomes. This strategy would reduce health
care costs given the economic burden of OAC and associated
bleeds, thus making payment for wearable devices of interest
to payors and patients. The utilization of wearable technolo-
gies to assess the presence and treatment impact on AF-
related comorbidities (e.g., hypertension, obstructive sleep
apnea [OSA], poor sleep, and inactivity) may also prove use-
ful in both primary and secondary AF prevention.
Clinical Scenarios #5A and 5B: A 64-year-old
man with symptomatic paroxysmal AF,
creatinine clearance of 50 milliliters/minute,
prior coronary stenting who has been
satisfactorily treated with dofetilide 250
micrograms every 12 hours for the past 3
months. He is not interested in catheter
ablation. Pre-treatment QTc was 410 ms; 12
lead ECG last week showed a QTc of 480 ms.
Open-ended QT monitoring was prescribed using
“wearable” technology with a plan for weekly
transmission of a resting single-lead rhythm
strip via electronic medical record.
A 25-year-old woman with genotype positive/
phenotype negative long QT syndrome (LQTS)
(KCNH2; has a sister with clinical LQTS) suffers
from schizophrenia, for which risperidone has
been the only effective and tolerated drug.
Open-ended QT monitoring was prescribed using
“wearable” technology with a plan for weekly
transmission of resting single lead rhythm strip
by patient via electronic medical record.
Currently, the BioTel mobile cardiac outpatient telemetry
(MCOT) device has been Food and Drug Administration
(FDA) cleared for QTc monitoring (https://www.
accessdata.fda.gov/cdrh_docs/pdf15/K153473.pdf), and
Kardia has been approved for QTc monitoring in COVID-
19 patients. The ECGs generated by “wearable” devices
that generate one or more limb lead ECG recordings might
permit assay of the static QT interval with reasonable accu-
racy.64 In a small group of patients with persistent AF treated
with dofetilide, there were no significant differences between
ECG obtained through handheld ECG devices and QTc ob-
tained from a 12 lead ECG.65 Advanced machine learning
techniques such as deep learning can significantly improve
the performance of QTc measurement in handheld ECG re-
corders and help their wide adoption for measurement of
QTc interval. Deep learning enabled QTc interval measure-
ments derived from handheld mobile ECG recorders have
been shown to yield similar results to QTc measurements us-
ing 12 lead ECGs annotated by human experts (20.45 6
24.73 ms vs 110.52 6 25.64 ms).64

The performance of smartwatch ECG for measurement of
QT depends on several factors, including ECG tracing quality,
T-wave amplitude and recording lead. There are several strate-
gies that have been suggested to improve the accuracy of QT
measurement using smartwatch ECGs. Identifying the best
smartwatch position using T-wave mapping at
baseline can improve accuracy. Further, the lead recorded by
smartwatches (lead I) may be suboptimal for measuring the
QT interval, and other leads can be reproduced by placing
the smartwatch on the left ankle or chest.66 QT interval mea-
surement from smartwatch equivalents of lead I with the watch
on the left wrist, lead II with the watch on the left ankle, and a
simulated lead V6 with the watch on the left lateral chest
showed a median absolute error in QT of 18, 20 and 16 ms,
respectively, compared to QT measurements from a 12 lead
ECG.67 Although there has been initial study on use of smart-
watches for QT measurement,68 there is a need for larger
studies to validate the findings in diverse patient cohorts
with different clinical indications for QT monitoring.
Future Directions
It is reasonable to anticipate greater accuracy in QT interval
measurement using devices that incorporate simultaneous
multi-lead vector acquisition. It will be important to demon-
strate accuracy of QT analysis using serial measurements of
the QT interval in individuals and among different popula-
tions and clinical indications. The ability to perform serial re-
cordings may permit dynamic QT assessment and assess QT
“trajectory,” which may improve safety. There is also a need
for clinical trials to establish the safety of these devices for
monitoring QT intervals in clinical scenarios where close
monitoring of QT interval is paramount, for instance, during
drug initiation or loading. Termination or reduction of the
dose of the drug based on the QT interval is achieved by an
active intervention such as reduction of dosage or cessation
of a drug or temporary pacing. It is therefore reasonable
that, at least in “high risk” scenarios, an ambulatory QT
monitoring strategy without defibrillation backup would
not be utilized for initial administration of the drug. It remains

https://www.accessdata.fda.gov/cdrh_docs/pdf15/K153473.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf15/K153473.pdf
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to be demonstrated whether and how the use of a wearable
ambulatory QT monitoring strategy for previously loaded
drugs fares against current care paradigms. Wearables can
provide real time QT monitoring that potentially allows for
continuation of drugs in the setting of metabolic decline
(e.g., glomerular filtrate rate) beyond the time that they are
discontinued in current practice, which may otherwise have
adverse clinical repercussions.
Incentive for Innovation
Clinical safety and efficacy of wearable QT monitoring stra-
tegies need to be established through rigorous clinical trials in
diverse populations with different clinical indications. Other
considerations that may stymie the development of wearable
QT monitoring strategies may also include medicolegal risk
and lack of financial models that incentivize the clinicians
and patients to adopt these technologies.
Clinical Scenarios #6A and 6B: A 64-year-old
man who is a marathoner training for a race
develops intermittent, sudden palpitations
associated with shortness of breath.
A 25-year-old woman who is a competitive track
and field athlete wants to optimize her cardiac
performance during training.
For the competitive athlete, digital health has the potential to
impact training and performance, preparticipation evalua-
tion, and assessment of symptoms potentially associated
with cardiovascular disease. Recent advances in wearables
allow athletes and their sports medicine trainers and clini-
cians to monitor movement, workload, performance, and
endurance through specific biometrics such as heart rate,
heart rate variability, activity levels, oxygen saturation, and
sleep.69–71 Digital health technology permits personalized
data collection via wearable sensors, wristbands, or chest
patches and can provide real time physiological and action
monitoring with position specific patterns in movement,
performance optimization, caloric expenditure, altitude,
mileage, steps, pace and screening for potential injury.
Some commercially available global position systems can
even monitor a full team. Unfortunately, evidence for their
utilization is still limited.72,73

Arrhythmias that may be detected during exercise may
include AF, VT, SVT, premature atrial or ventricular beats,
and change in QT interval with exercise. Capture of these ar-
rhythmias may be helpful in management of patients with car-
diac disease such as hypertrophic cardiomyopathy,
arrhythmogenic right ventricular cardiomyopathy or LQTS.74

Global positioning system technologies in wearables can
track external workload metrics such as resistance, duration,
and speed. While measuring training volume and perfor-
mance can guide training, the same measurements can also
guide pre-competition tapering of training. Furthermore,
measuring cadence, stride length, and contact time with sur-
faces provides biomechanical load data that can be used to
prevent injuries. Accelerometers, inertia sensors, and insole
pressure measurement systems imbedded in wearables can
provide biomechanical data. Average, heart rate variability,
activity levels, oxygen saturation, and sleep assessments
can be combined with the above performance metrics to opti-
mize running performance.69,73

Conventional options to capture arrhythmias that are com-
mon include a patch based ECGmonitor; rarely is ILR used.72

Wearables offer form factors that may be more conducive to
capturing arrhythmia given the practicalities around training.
Heart rate trends recorded from a watch and tabulated on an
app may identify higher ranges higher than normal and, if
correlating with symptoms, may be suggestive of an
arrhythmia.75 Graphical representation on smartphone apps
may be akin to heart rate trends seen on telemetry units in
the hospital. For those with clear symptoms in the absence
of syncope or significant lightheadedness/dizziness, ECG
capable wearables provide important adjunctive rhythm in-
formation.
Future Directions
More evidence and standardization of data are needed for
guidance of how sensors and monitors can be used for risk
optimization of training and performance while minimizing
risk of injury. Limited evidence is available on how heart
rate and heart rate variability can be clinically used for
various sports having different cardiopulmonary demands
and differences that may be seen in athletes of varied ages,
gender and race who may have underlying cardiovascular
conditions.
Incentive for Innovation
More research is necessary to personalize heart rate expecta-
tions and recommendations and heart rate variability in
various sports and at certain levels of activity based on age,
gender, race, cardiovascular fitness and exercise capacity.
Form factors need to be compatible with sport and take into
consideration athlete comfort and stability and not impose
risk for injury to the wearer and others on the court or field.74

For example, for contact sports, arm bands and vests with
pouch form factors would be less likely to risk injury and
damage than rings and watches or wristbands. Furthermore,
more information is needed for clinicians to understand,
analyze and determine how to utilize these data for risk strat-
ification of arrhythmias such as sudden cardiac death.
Clinical Scenario #7: A patient with OSA, a
known risk factor for AF, is counseled about risk
reduction and is actively working on weight loss
and continuous positive airway pressure (CPAP)
therapy. Various options for screening for and
diagnosis of OSA, as well as monitoring response
to therapy in this setting, are summarized.
OSA is associated with an increased risk of pulmonary and
systemic hypertension, heart failure, stroke, bradycardia



Table 1 Available wearable technology

Device

Measurements (HR, ECG,
Activity Hours,
Temperature, Pulse
Oximetry)

ECG Recording
Duration

Regulatory Decisions/FDA
Approval Battery Life

Autodetect or
Patient Triggered Wear Location

Connectivity
(Bluetooth, WiFi,
Cellular) Compatible OS

AliveCor Kardia mobile ECG 30 seconds FDA cleared Connected to
smartphone

Patient triggered Handheld Bluetooth iOS, Android

Apple watch (Series 6) HR
ECG
Activity
Temperature
Pulse oximetry

30 seconds Heart-tracking features are
cleared by the FDA but the
oxygen monitor is not

Charging Patient triggered Wrist Wi-Fi, Bluetooth iOS

Beurer ME 90 ECG 30 seconds FDA cleared Battery Patient triggered Handheld Bluetooth N/A
Bittium Faros ECG

HRV
180 days FDA cleared and CE marked Rechargeable battery N/A Patch to the anterior

chest or electrode
USB download N/A

Cardiac Designs ECG Check ECG 30 seconds FDA cleared and CE marked Rechargeable battery Patient triggered Handheld Cloud server or email N/A
CardiBeat and HeartCheck ECG

Pen
ECG 30 seconds FDA cleared and CE marked AA battery Patient triggered Handheld Information

unavailable
CardioComm Solutions

HeartCheck
ECG 30 seconds FDA cleared AA battery Patient triggered Handheld

COALA ECG Yes, 2 leads FDA cleared Rechargeable via
charging station
using wall adapter
or USB

Patient triggered Handheld Wi-Fi, Bluetooth iOS

Eko DUO ECG Yes, single lead, 15,
30. 60, 120
seconds

FDA cleared Charging Patient triggered Handheld Wi-Fi, Bluetooth iOS, Android

Fitbit (Sense) HR
ECG
Activity
Pulse oximetry
Temperature

30 seconds FDA cleared Charging Patient triggered Wrist Wi-Fi, Bluetooth iOS, Android

Garmin Pulse oximetry
Hydration
HR

No N/A N/A N/A Wrist Wi-Fi, Bluetooth iOS, Android

Huawei (GT2 Pro) HR
ECG
Activity
Pulse oximetry
Temperature

Information
unavailable

National Medical Products
Administration’s Class II
medical device registration
certificate (Chinese)

Charging Unavailable Wrist Bluetooth Android, ECG function is not
compatible with iOS,
Windows

MyDiagnostick ECG 60 seconds Not cleared Charged by USB Patient triggered Handheld USB connection by
the physician

N/A

Omron HCG-801 ECG 30 seconds FDA cleared Battery Patient triggered Handheld PC download N/A
Oura ring HR

ECG
HRV
Skin temperature
Activity
Respiratory rate

Continuous FDA cleared and CE marked Battery N/A Chest Bluetooth iOS

Qardiocore Activity
HR
HRV
Temperature

No Not cleared Charging Autodetect Finger Bluetooth iOS, Android
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Samsung (Galaxy 3) HR
Pulse oximetry
Activity
ECG

30 seconds Cleared Charging Patient triggered Wrist Wi-Fi, Bluetooth iOS, Android

Smartphone ECG Devices
VitalPatch 7-day patch Body temperature

ECG
HR
HRV
Accelerometer
Body temperature

Vivalink 96-hour ECG patch ECG
HR
RR
Accelerometer

96 hours to 7 days FDA cleared Battery Unavailable Patch to the anterior
chest

N/A N/A

Whoop HR
Respiratory rate

Information
unavailable

FDA cleared Charging Autodetect Wrist Bluetooth iOS, Android

Withings Move ECG https://
www.withings.com/move-
ecg

ECG
Activity

30 seconds ECG monitor of Move ECG has
received a CE marking,
following the medical
device directive. Withings
is working with the FDA to
receive medical clearance.

Battery Patient triggered Wrist Bluetooth iOS, Android

Withings ScanWatch https://
www.withings.com/
scanwatch

HR
ECG
Activity
Pulse oximetry

30 seconds The Scan Monitor of the
ScanWatch has received a
CE marking for HR, ECG and
SpO2 features following
the medical device
directive. Withings is
working with the FDA to
receive medical clearance.

Charging Autodetect, patient-
triggered

Wrist Bluetooth iOS, Android

Xiaomi (Amazfit
Smart Watch 2)

HR
ECG
Activity

60 seconds Not cleared Charging Patient triggered Wrist Wi-Fi, Bluetooth iOS, Android

Zenicor ECG 30 seconds Zenicor’s system solution is CE
marked Class IIa, and
Zenicor Medical Systems
AB is certified according to
ISO13485.

Battery Patient triggered Handheld Web-based service,
Zenicor-ECG
Doctor System

N/A

Physician Prescribed Devices
BardyDx CAM Patch ECG Up to 14 days of

extended Holter
monitoring

FDA cleared and CE marked 14 days Autodetect, patient
triggered

Patch to the anterior
chest

Sent to physician N/A

BioTel Heart ePatch ECG ePatch 1-channel 14
days

ePatch 3-channel 5
days

FDA cleared and CE marked 14 days Autodetect, patient
triggered

Patch to the anterior
chest or electrode

Sent to physician N/A

BioTel Heart MCOT ECG Up to 30 days of near
real-time
continuous
monitoring

FDA cleared Rechargeable sensor
and gateway

Autodetect, patient
triggered

Patch to the anterior
chest or
electrodes or
electrode

4G data networking
Sent to physician

N/A

(Continued )
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and AF.76 OSA is suspected when patients report tiredness,
daytime sleepiness, and unrestful sleep and when they are
told they snore or stop breathing while asleep. Polysomnog-
raphy or sleep study is the gold standard diagnostic test
and includes recording of brain waves with electro-
encephalograms, oxygen saturation and breathing, leg move-
ment and ECG. Sleep studies are typically performed at dedi-
cated sleep centers but can also be performed at home. CPAP
is the usual therapy of choice to reduce hypoxia and alleviate
symptoms. The severity of OSA can vary within the individ-
ual patient from one sleep period to another, which is a lim-
itation of overnight sleep studies. Studies from patients with
pacemakers show a wide range of variability in abnormal
sleep indices, with a clear association between the severity
of OSA and the burden of AF.77

Instead of undergoing a formal sleep study, apps and wear-
ables now offer feedback on sleep and oxygenation to patients
from their phone, ring, wristband or watch.
Some smartwatches such as the Apple Watch, Fitbit Sense,
Samsung Galaxy Watch 3 and Withings Scanwatch offer a
blood oxygen app that uses the photodiodes on the back of
the device to measure oxygen levels. There are several avail-
able apps for smartphone andwearable devices that guide sleep
hygiene, such as when one would like to sleep and wake up,
and also apps that leave the phone’s microphone on while
one sleeps to notate when one may be having an apneic event
and gasping for air, with a sensitivity of 88.3% and specificity
of 80.0%.78 Past studies have examined the relationship of
bedtime regularity and resting heart rate monitoring by digital
wristband and showed that going to bed 30 minutes later than
one’s normal bedtime was associated with a significantly
higher resting heart rate throughout sleep that persisted into
the following day, demonstrating that proper sleep habits
may affect cardiovascular health.79,80 Wearables can measure
how much time you spend in various sleep phases and even
give sleep quality scores based on duration of sleep,movement
disturbances and heart rate.81 In a recent study of patients with
OSA, a smartwatch provided acceptable heart rate measure-
ment on telemetry.82 More definitively, in a study evaluating
the incidence of AF in patients with severe OSA, implantable
loopmonitors diagnosedAF in 20%of study participants,83 af-
ter an average monitoring period of 11 months.
Future Directions
Wearable technologies, using sensors on the wrist, chest
straps, rings, and smartphones, have been used to track rest
and sleep as part of a package to monitor activity and fitness,
and have an important role to play not only in diagnosingOSA
and tracking sleep patterns but also in diagnosing AF and
other arrhythmias that are prevalent in this population. These
technologies can also be used in surveillance and evaluation
of response to therapy, such as CPAP, in these patients. It is
unclear if other recorded bio-signals such as skin temperature
and skin conductance may further advance the staging of
sleep.84 However, recent evaluations of these sleep technolo-
gies suggest there is significant room for improvement
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because of the high degree of variability in the accuracy of
these technologies, as they displayed lower error and bias
values when quantifying sleep/wake states compared to sleep
staging duration, which seems to be lacking in accuracy.84,85

Collaboration with and inclusion of recommendations from
sleep experts may be helpful in developing further applica-
tions and understanding how to analyze data recorded.

Incentive for Innovation
There is a wide range of variability in reported sensitivity and
specificity in OSA diagnosis using currently available tech-
nology compared to standard polysomnography.86 This pro-
vides a continuous incentive for improvement of the
diagnostic accuracy of existing or development of alternative
approaches in wearable tools. In addition, with higher AF risk
in the OSA population, adjunctive or concomitant arrhythmia
monitoring in a longitudinal fashion, extended over a longer
duration, is key in diagnosing and identifying parametric pro-
files that characterize patients at risk for this arrhythmia.87
Concluding Remarks
Wearables are now available to consumers in many forms,
such as watches, wristbands, rings, chest straps, and patches,
and are able to provide thewearer with vital health information
in real time and, at times, a cursory diagnosis. This document
may serve as a guide for clinicians to traverse the growing and
upcoming digital technologies that are available to patients for
procurement. More research is needed to determine how these
devices can be used in adults and perhaps even expanded to ad-
olescents and children. Naturally, as more patients adopt the
usage of these technologies into their lives for fitness and
health monitoring of their heart rate, heart rhythm, blood pres-
sure, oxygenation, activity, and sleep, it is critical for us as cli-
nicians to understand how data from wearables can be
incorporated into a patient’s electronic medical record, reduce
hospitalization, or improve preventative care.
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