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CLINICAL VIGNETTE

Wearable Devices in Arrhythmia Detection

Boris Arbit, MD and Roman Leibzon, MD

Introduction

Over the past decade, there has been an explosion of consumer
devices for health and fitness tracking. Wearable technologies
represent an important frontier in health evaluation, with the
potential to provide health data for large segments of the
population, including those not captured by conventional
monitoring techniques in otherwise healthy persons. Clinical
utility and application of the collected data for individual
patient management remain uncertain. We present a 38-year-
old male with palpitations.

Case Report

A 38-year-old male with no significant past medical history
self-referred to Cardiology for evaluation of palpitations. He
had a long history of palpitations which occurred approximately
once every few months to once a year. He described a fluttering
of his heart which lasted for a few minutes up to 30 minutes.
These symptoms were associated with mild dyspnea and mild
dizziness, but no syncope or chest pain. The patient presented
to emergency rooms in the past with palpitations however, no
arrhythmia was detected. Prior evaluation included transtho-
racic echocardiogram with normal systolic left ventricular
function, with an ejection fraction of 55-60% and no significant
valvular abnormalities. Prior seven day Holter monitor showed
normal sinus rhythm with rare premature atrial contractions and
rare premature ventricular contractions. Patient was seen in
clinic one year later and reported an increase in palpitations. He
also stated that he has purchased an Apple and was able to
record his rhythm during a recent palpitation episode (Figure
1). Patient was diagnosed with Supraventricular tachycardia
(SVT) based on Apple watch recordings. He was counseled re-
garding the condition and treatment options including abortive
maneuvers and medications.

Discussion

Wearable devices along with smartphone technology have
rapidly grown in popularity in developed nations, with the
number of connected devices expected to increase from 526
million in 2017 to over 1.1 billion worldwide in 20221

Currently the two most clinically pertinent technologies use
photoplethysmography (PPG) and portable single-lead ECG.
PPG involves optical technology to assess variations in blood
volume within the microvasculature,? effectively measuring
each heart beat as a pulse. Accuracy is often limited by anatomi-

cal factors including location, ambient lighting, movement, skin
color and conductivity. Fingertip PPG is highly accurate, with
meta- analysis demonstrating a mean difference of 0.32 beats
per minute (99% CI, — 1.25 to 0.60) compared with ECG.2 PPG
may be built into smartphones (using a light beam and a
camera) or featured within wrist-worn or heart rate tracking
devices. These are reasonably accurate, with correlation coef-
ficients > 0.93 and mean absolute percentage errors ranging
from 3.3% to 6.2%.*

The most prominent devices among consumers to use a built-
in electrode system to create a single-lead ECG are the Apple
Watch Series 5 (Apple Inc, Cupertino, CA)) and the AliveCor
Kardia device (AliveCor Inc, Mountain View, CA). A Lead |
electrocardiogram recording is created through a circuit
between the detector on the watch back and the digital crown
using an Apple Watch (Apple Inc.). Patient wears the watch on
one hand and touches the crown of the watch with a contra-
lateral hand, creating a vector.

Wearable technology has been adopted by consumers as means
for tracking heart rate. Initially, relevant clinical uses were
similar to conventional ambulatory ECG monitors and included
measuring adequate rate control in atrial fibrillation (AF), and
aiding the diagnosis of bradyarrhythmia or tachyarrhythmia.
However, the clinical value of these devices has significantly
grown with use of advanced algorithms and deep neural
networks. These have allowed for detection of highly clinically
relevant arrhythmias such as AF. Atrial fibrillation is a common
arrhythmia, with an estimated prevalence of >3% among
adults.® It is associated with increased morbidity and mortality
with a 5-fold increased risk of stroke.® Subclinical AF (SCAF)
represents approximately a third of the total AF population” and
is associated with an increased risk of stroke.®

A University of California, San Francisco group published a
multinational cardiovascular remote cohort study using an algo-
rithm created from 9750 participants wearing smartwatches that
recorded heart rate data. The deep neural network exhibited a C
statistic of 0.97 (95% CI, 0.94-1.00; P<.001) to detect AF
against the reference standard 12-lead ECG-diagnosed AF in
the external validation cohort of 51 patients undergoing cardio-
version; sensitivity was 98.0% and specificity was 90.2%.° The
largest study using a wearable PPG to detect AF has been the
Apple Heart Study which used a self-enrolled cohort of 419,297
people. The aim of the study was to identify irregular pulses on



PPG, and the diagnosis of AF with a confirmatory ECG patch.
A total of 450 ECG patches were included based on PPG analy-
sis by doctors, with AF documented in 34% of these patients.
In patients > 65 years of age, the rate of irregular heartrate
notification was 3% with a positive predictive value for a final
diagnosis of AF of 84 (95% Cl, 0.76 to 0.92).2° REHEARSE-
AF Study was a one-year randomized controlled trial of twice-
weekly monitoring with AliveCor Kardia device.!* The study
enrolled 1001 patients (500 iECG, 501 routine care). Nineteen
patients in the iECG group were diagnosed with AF over the
12-month study period versus 5 in the routine care arm (hazard
ratio, 3.9; 95% confidence interval=1.4-10.4; P=0.007).1*

As we analyze the accuracy of wearable devices to detect sub-
clinical atrial fibrillation, it is important to acknowledge the
fundamental gaps that remain in our understanding of the
disease. At this time, the minimum burden of AF that is associ-
ated with an increase in stroke risk, and the strategy for using
oral anticoagulation is not clear.!> We look forward to the
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publication of ongoing studies such as ARTESIA (Apixaban for
the Reduction of Thrombo-Embolism in Patients with Device-
Detected Sub-Clinical Atrial Fibrillation) trial'® and the large
scale follow-up to the REACT.COM (Rhythm Evaluation for
Anticoagulation With Continuous Monitoring) trial** to further
our understanding of this area.

Conclusion

Wearable devices have rapidly grown in popularity in
developed nations. Numerous trials have shown the ability of
these consumer devices to accurately detect arrhythmias. Our
patient is an example of positive use of this data to improve the
care of the patient. However, it is important to appreciate the
limits of this technology. Further advancements of current
hardware and software technology will likely advance the use
of wearable devices and assist in arrhythmia detection in the
future.
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Figure 1.
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