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Introduction of Wearable Device in Cardiovascular Field for 

Monitoring Arrhythmia
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There has been increasing adoption of wearable smart devices in health care field and 

they enable non-invasive continuous monitoring of various cardiac parameters. Lots 

of studies have demonstrated that ambulatory monitoring devices were able to provide 

data for reliable diagnostics for arrhythmia. Distinguishing features of wearables such 

as ubiquitous continuous monitoring make it a convincing alternative to traditional 

diagnostic devices. Additionally, this revolutionary technology does not only enhance 

the diagnostic utility of wearable devices, but has also facilitated remote health care 

using IOT (internet of things) capability. In this review, the authors aim to present the 

state of current technologic development of smart wearables for detection of arrhyth-

mia and comment on future perspectives with reviewing recent studies focused on clin-

ical utility. 
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INTRODUCTION

Various novel smart wearables have been introduced for 

monitoring biometric signals. Initially the fitness trackers 

were designed for monitoring simple biologic features such 

as physical activity and the quality of sleep, but nowadays 

the functions of smart wearables are not confined to such 

simple information. Evolution of technology has made it 

possible to collect and analyze a variety of vital physio-

logical data with clinical usages. Those information in-

clude body temperature, oxygen saturation, respiratory 

rate and heart rhythm. Among them, monitoring heart 

rhythm is a key issue drawing the attention of health care 

professions and the general public. Technologic develop-

ment has removed most of hurdles disturbing clinical ap-

plication of wearable devices in the diagnosis of arrhyth-

mia. These include the reduction of device size, improved 

energy efficiency, and a patient friendly interface. Combined 

with IOT (internet of thing) technology, a variety of smart 

wearable devices are ready for providing ubiquitous, con-

tinuous heart rhythm monitoring.

LIMITATIONS OF CONVENTIONAL DEVICES FOR 

HEART RHYTHM MONITORING

There are several conventional technologies for invasive 

and noninvasive heart rhythm monitoring such as Holter 

monitoring, external event recorders, and implantable 

loop recorders. Holter monitoring provides continuous 

multi-lead ECG recordings for 24-72 hours with excellent 

signal quality, but has the limitation of low diagnostic yield 

especially in paroxysmal arrhythmia. External event re-

corders present symptomatic ECG with improved diag-

nostic yield as assuring more than 1 months of heart rhythm 

recordings, but also have limited clinical indications be-

cause ECG recording can be performed only by a patient 

triggering the device. Therefore there is possibility of miss-

ing diagnostic ECG sequence when a patient cannot trigger 

it. Such situations include very short arrhythmic event du-

ration or arrhythmia associated with syncope. 

The implantable loop recorder is designed for continuous 

ECG monitoring for about 3-4 years. ECG recording can be 

initiated by the patient or an automatic event recording 

mechanism. It showed superior diagnostic yield, especially 

when the patient was asymptomatic during arrhythmic 
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FIG. 1. Brief diagram of Photoplethymogram (PPG) based heart 

rhythm monitoring.

event. In Cryptogenic Stroke and underlying Atrial Fibril-

lation (CRYSTAL AF) trials, implantable loop recorders 

showed superior detection rates of subclinical atrial fi-

brillation in patients with cryptogenic stroke
1
 and recent 

guidelines recommend implantable loop recorders in the 

case of cryptogenic stroke. However, it has only been ap-

plied in limited clinical settings because they require an in-

vasive procedure. 

RATIONALE FOR DETECTION OF SUBCLINICAL 

ARRHYTHMIA

The burden of arrhythmic disease among the entire pop-

ulation is growing with aging and if not properly diagnosed, 

can lead to a number of comorbidities. In terms of atrial fi-

brillation (AF) this has become the most common arrhyth-

mia disease, with comorbidities often associated with sig-

nificant socioeconomic burden such as cerebrovascular 

accident. Analysis of Korean nationwide cohort data for 10 

years by Lee et al.
2
 demonstrated that AF-related hospital-

ization and outpatient clinic visits increased 2.19- and 

3.06-fold, respectively, while the total cost increased from 

3.6 to 11.3 billion won. However, detection of arrhythmia 

has been challenging since arrhythmic events are mostly 

episodic or even asymptomatic in many cases. 

A number of studies have shown the clinical implications 

of subclinical atrial fibrillation. In the ASSERT study, sub-

clinical AF (SCAF) was common in pacemaker patients 

without prior AF and was associated with increased risk 

of ischemic stroke or systemic embolism.
3
 Recently, the 

European Society of Cardiology’s statements include a ra-

tionale for screening subclinical AF
4
 that can be summar-

ized as below. 1) Increasing prevalence of AF within an ag-

ing population 2) previously unknown AF was detected in 

about 10% of all ischemic strokes 3) a high prevalence of 

asymptomatic AF 4) the potential to prevent AF-related 

strokes with appropriate treatment 5) the increasing avail-

ability of AF detection tools.

There have been several studies for proving the efficacy 

of wearable monitoring devices in the detection of asympto-

matic AF. In the mSToPS trial, authors showed immediate 

monitoring with a home-based wearable ECG sensor patch, 

compared with delayed monitoring, resulted in a higher 

rate of AF diagnosis after 4 months.
5
 Recently mid-term da-

ta of VITAL-AF trial presented at the American Heart 

Association conference showed the feasibility of single lead 

ECG as a screening tool in the elderly primary care popu-

lation.
6
 Population based mass screening of AF have the po-

tential to relieve socioeconomic burdens that have resulted 

from AF associated comorbidity. A study for cost effective-

ness of mass screening showed 11 more life-years, and 12 

more quality-adjusted life years with screening of 1000 

individuals.
7

DIAGNOSIS OF ARRHYTHMIA IN PATIENTS WITH 

SUSPICIOUS SYMPTOM

A number of patients visited outpatient clinic and emer-

gency department because of arrhythmia associated symp-

toms such as palpitation and syncope. Unfortunately, it is 

not common to preserve diagnostic electrocardiograms in 

initial work ups. Wearable devices could be tools for ex-

tended ECG monitoring in this clinical setting. In one mul-

ticenter study of enrolled patients visiting emergency depart-

ments, a smartphone-based event recorder using AliveCore 

increased the number of patients in whom an ECG was cap-

tured during symptoms over five-fold to more than 55% at 

90 days.
8
 Most of them showed sinus rhythm during events 

but several newly detected atrial tachyarrhythmia events 

were documented in the interventional group. Wearable de-

vices also showed feasibility for detection of ventricular ar-

rhythmia and supraventricular tachycardia. In one case 

report, two cases of ventricular tachycardia were detected 

with prolonged ECG monitoring using apple watches and 

subsequent electrophysiology confirmed diagnosis that 

guided appropriate intervention.
9

PHOTOPLETHYMOGRAM BASED HEART 

RHYTHM MONITORING

There are various biometric signals used to determine 

for heart rate and regularity. The photoplethysmogram 

(PPG) is one of the most widely used techniques for heart 

rhythm monitoring and provides a simple and inexpensive 

tool for detection of arrhythmia. The PPG device has two 

components including the infrared light emitting source 

and photodetector. It measures changes of blood volume in 

capillary blood vessel below subcutaneous layer resulted 

from cardiac cycle of systolic and the diastolic phase (Fig. 1). 
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FIG. 2. Examples of patch type single 

lead ECG recording devices. ATP100 

(ATsens, Seongnam, Korea) (A), Zio 

Patch (iRhythm Technologies, San 

Francisco, CA, USA) (B), ECG recording 

from Zio patch (C).

Heart beat data can be extracted from detection of the peak 

values during pulsatile nature of blood vessels and it could 

be matched with QRS wave of electrocardiogram. Previous 

studies showed pulse detection based values were well cor-

related with information from conventional ECG monitor-

ing during both sinus rhythm and arrhythmic events.
10

 

PPG methods have lots of potential for applying to wear-

able device because they of the usually small apparatus 

size, inexpensive price, and very low electrical energy 

consumption. It has an easily modifiable nature fitting dif-

ferent shapes of devices such as wristwatch, smartphone 

camera, or fingertip detector. Indeed, most smart wear-

ables for health care are equipped with a PPG based mon-

itoring function. However, there are several major draw-

backs limiting clinical usage of PPG. Despite excellent cor-

relation with conventional ECG, PPG recordings cannot be 

used as a definite diagnostic modality because only a ECG 

recording can be accepted for diagnostic purpose. There-

fore, PPG data might be a useful screening tool with a high 

probability, but cannot justify interventions for treatment 

purposes. The other obstacles for PPG based ECG record-

ings are related with the size of the data collected. PPG de-

vices generate large amounts of data making it difficult to 

interpret the data’s entirety manually. Recent develop-

ments in artificial intelligence provide a realistic solution 

to overcoming this hurdle though. One study using a deep 

neural network technique for interpreting smartwatch 

based PPG data showed excellent sensitivity and specific-

ity compared to other AF detecting modalities.
11

 

PATCH TYPE ECG MONITORING DEVICE

Recently, several newly designed patch type, monitoring 

devices have been introduced. They have small and light 

profiled and water proof features for minimizing daily life 

interruption and guaranteed longevity during ECG mon-

itoring with efficient energy usage. They can also transfer 

data wirelessly enabling clinicians to analyze data without 

visiting the patientdirectly. 

The Zio Patch (iRhythm Technologies, San Francisco, 

CA, USA) is a single-use patch type ECG monitoring de-

vice. It can be attached to the left anterior chest and provide 

continuous ECG monitoring for more than 2 weeks (Fig. 2). 

This device received FDA approval in 2011 and has been 

prescribed to more than 400,000 patients so far. It has sev-

eral clinical indications. One of them is detection of atrial 

fibrillation without symptoms. Monitored individuals, com-

pared with non-monitored controls, had higher rates of AF 

diagnosis, greater initiation of anticoagulants, but also in-

creased health care resource utilization at 1 year.
10

 There 

are also small numbers of developing patch type devices in 

Korea trying to enter medical system. One of patch type 

ECG monitoring devices named the ‘ATP100’ (ATsens, 

Seongnam, Korea) showed eligibility for continuous ECG 

monitoring in a small study with comparable accuracy com-

pared to conventional devices.
12

PATIENT TRIGGERED SINGLE LEAD ECG

Several wearable devices have been introduced for pa-

tient triggered single lead ECG. For ECG recordings, two 

different polarities should be connected with a device. In 
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FIG. 3. Result of mass screening per-

formed in single center for detecting at-

rial fibrillation with single lead ECG de-

vice (not published).

FIG. 4. Examples of ECG recording from 

Kardia Band (AliveCor, Mountain View,

California). Recording of normal sinus 

rhythm (A) and atrial fibrillation (B) in 

smartwatch and conventional ECG.

the case of AliveCor Kardiamobile (AliveCor, San Francisco, 

USA), a patient puts two fingers from each hand on pocket 

sized device. With minimal training, most individuals can 

easily make a single lead ECG recording for 30 seconds 

which can be transmitted to the application installed on a 

smartphone. It has an automatic detection algorithm for 

diagnosis of AF with excellent sensitivity (96.6%) and spe-

cificity (94%).
13

 When pa atient delivered their ECG record-

ing, health care professions could make clinical decisions 

based on the data. It is very useful for mass screening of 

AF. In one series of mass screenings for 2,049 community 

dwelling adults, 28 newly identified AF patients were dis-

covered and followed up on by medical clinic visit (Fig. 3).

Single lead ECG devices can be applied to the wristbands 

of smartwatches. Kardia Band (AliveCor, Mountain View, 

California) was introduced as FDA cleared Apple Watch ac-

cessory (Apple,Cupertino, California). Patients can record 

30 seconds of an ECG by just putting their thumb on the 

wristband (Fig. 4). An automated algorithm differentiated 

AF with 93% of sensitivity and 84% of specificity.
14

 in the 

REHEARSE-AF Study, 1001 patients were enrolled and 

tested the feasibility of the Kardia Band in mass screening 

of AF and it showed superior detection of AF compared with 

conventional monitoring.
15

A HYBRID APPROACH USING PPG AND PATIENT 

TRIGGERED ECG RECORDING

There are pitfalls in both of PPG based devices and pa-

tient triggered ECG devices. PPG based devices can pro-

vide continuous ambulatory heart rhythm recording and 

increase the chance to detect asymptomatic arrhythmia, 

but diagnosis should be confirmed by checking the ECG by 

visiting clinic. In contrast, patient triggered ECG devices 

can offer confirmative diagnostic recordings, but the lack 

of a continuous monitoring feature limits utility for the di-

agnosis subclinical arrhythmia. There have been trials for 

filling these gaps by combining these device together. In 

one study, participants without atrial fibrillation used a 

smartphone (Apple iPhone) application to engage in mon-
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itoring. If a smartwatch based irregular pulse notification 

algorithm identified possible atrial fibrillation, an ECG re-

cording was performed with a mailed ECG patch. 2161 

among all of 419,297 enrolled patient received notification, 

Patch type single lead ECG detected AF in significant pro-

portions.
16

 Other studies using smartwatches (Galaxy Gear-

fit) and Alivecor Kardiamobile also made diagnoses of AF 

with 93.7% of sensitivity and 98.2% of specificty.
17

WEARABLE DEVICES AS A DECISION MAKING 

TOOL

Tracings from wearable rhythm devices suggestive of ar-

rhythmias could initiate further diagnostic evaluation and 

detection by wearable devices of various arrhythmia as has 

been described above, but, to date, they have not been en-

dorsed as a diagnostic rhythm detection approach by the 

Heart Rhythm Society or American and the European Soci-

eties of Cardiology. Furthermore, therapeutic interventions 

based on wearable device have not been approved. An on-

line survey conducted by questioning physicians showed 

that majority of participants expect these devices to facili-

tate diagnostics and arrhythmia screening, but fear data 

overload and expect scientific society recommendations on 

the use of these wearables.
18

 Accumulation of data from on-

going studies will likely provide evidence of a potential sup-

porting role of wearable data as a decision making tool and 

will change the consensus about legal issues.

CONCLUSION

The introduction of smart wearable devices shows a 

promising future for early detection and treatment of ar-

rhythmic disease. Furthermore it has the potential for re-

lieving the massive socioeconomic burden that is con-

sequence of lethal arrhythmia. However, there are several 

remaining obstacles delaying widespread clinical appli-

cations. Those include technical issues or legal issues about 

telemedicine. The advancement of technology based on 

clinical trials and the careful resolution of legal regulation 

about privacy issues are necessary for the continued, fu-

ture evolution of smart wearables but their potential as a 

medical resource are undeniable. 
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