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Wearable ECG monitoring devices

• Indication
- Screening in patients with high risk of stroke (for early detection of AF)
(including cryptogenic stroke)

- Evaluation in patients with suspected arrhythmia
(recurrent syncope or recurrent palpitation)

• Available Devices
- Single-lead ECG devices (including patch-type), Smart watch, Ring-type

- PPG-based monitoring devices

→ cannot diagnose arrhythmia because it does not detect electrical signal



Diagnosis of AF

2020 ESC Guidelines

NOT PPG-based!



JAMA 2018;320:146-55.

• Patients with increased risk for AF (median CHA2DS2-VASc 3)
• Home-Monitored group vs. Matched control group
• 2659 patients in monitored group

- Immediate group vs. 4-month delayed group

Rate of 1st diagnosis of AF

(monitored vs. control group) • Monitoring vs. unmonitored group

- higher rate of AF diagnosis

- increased initiation of anticoagulants

- more outpatient cardiology visits

• Immediate vs. delayed group

- 3.9% vs.0.9% (difference 3.0%)

Patch type ECG monitor devices



Early detection of AF: Stroke risk reduction

6-month: 9% stroke risk reduction

12-month: 18% stroke risk reduction

- via early AF detection

• Comparison remote monitor and 

routine f/u in patients with CIED

• Two-year data were entered in a 

computer Monte Carlo model

2009 J Cardiovasc Electrophysiol 20(11):1244-1251



Screening for AF: increased New AF detection

E Svennberg et al., STROKESTOP Study, 2015 Circulation

• Only 37 cases were diagnosed from 
the ECG at the index visit

• Intermittent ECG monitoring 
diagnosed 4 times as many 
individuals with New AF.



F/57, PAF with intermittent palpitation

• Initial AF → No AF detect during regular 12-lead ECG and Holter f/u, 
but patient complains intermittent palpitation Sx

→ AF detect (+) at Smart watch device (NOT PPG-based)

→ Recommend AF ablation



F/51, Recurrent syncope, dizziness

• No related ECG detect during regular 12-lead ECG and Holter f/u, 
but patient complains recurrent syncope, faintness, dizziness

→ Paroxysmal AVB (+) at Smart watch device (NOT PPG-based)

→ Recommend admission and telemetry monitoring



F/51, Recurrent syncope, dizziness

SBP 80mmHg

: Cardiogenic shock d/t Paroxysmal AVB → PM implantation



F/51, Recurrent syncope, dizziness

Ventricular 

lead

Atrial lead

Pulse generator



M/69, Dizziness, DOE

• ER adm d/t Dizziness, DOE

→ CAVB (+) at 12-lead ECG and Smart watch (NOT PPG-based)



M/54, Recurrent palpitation – Accuracy problem

• Sometimes Smart watch detected arrhythmia is not accurate.
→ Confirmation by physician should be needed.



Benefits and risks of screening for AF



Benefits and risks of screening for AF

2020 ESC AF Guideline



Current recommendation for AF Rhythm control

Eur HJ 2021;42:373-498

Recommendations Class Level

Rhythm Control therapy is 

recommended for symptom and QoL 

improvement in symptomatic patients 

with AF
I A



▪ Rhythm control :

AF Management : Rhythm control

2018 NEJM 378:417-427
2020 NEJM 383:1305-1316

→ AF RFCA improved mortality and HF admission

in AF with HF patients
(2018 CASTLE-AF trial)

→ AF Rhythm control improved MACE

(including CV mortality)
(2020 EAST-AFNET4 trial)



AF Management : Rhythm control

D Kim, PS Yang, B Joung, et al., 2021 BMJ

• National administrative claims database of Korea.

• 22,635 AF pts, treated with Rhythm control (AADs or Ablation) vs. Rate control strategies.

• 12,200 (53.9%) male, the median age 70, and median follow-up duration 2.1 years.

→ Early rhythm control was associated with a lower risk of adverse cardiovascular

events than rate control in patients with recently diagnosed AF,

but not in patients who had AF for more than one year.



Portable ECG monitoring device

www.alivetec.com/alivecor-heart-monitor

• AliveCor – KardiaMobileTM

• FDA approved (2012), OTC sales
• iOS / Android available
• Remote monitoring (AliveInsightTM)
• Fused with EMR in America
• Pioneer of mobile healthcare, most

representative device

: 처방없이 구매가능

http://www.alivetec.com/alivecor-heart-monitor


AliveCor – KardiaMobileTM

• Single channel
• 10mV peak-to-peak input dynamic range
• Frequency response : 0.5~40Hz

• Automated AF detection algorithm
- Criteria – p wave absence and R-R interval 
irregularity
- Sensitivity 71.4%, specificity 99.4%, negative 
predictive value 100%

J Am Heart Assoc 2016;5(6). pii.: e003428. 
Eur J Intern Med 2019. pii: S0952-6205(19)30421-2.



Circulation 2017;136(19):1784-1794.

• Participants > 65yrs with CHA2DS2-VASc ≥ 2, no prior AF
• twice/wk check for 12 weeks vs. Routine Care

• AF detection rate
19 vs. 5 patients (HR 3.9, p=0.007)

AliveCor – KardiaMobileTM



Benefits and risks of screening for AF

2020 ESC AF Guideline



• Product in Korea (Boryung)
• Single channel
• 30sec / 24hr mode
• 99g, 24hr battery
• Approved as “의료기기”
• 시중가 27만원~

www.boryungconsumer.co.kr

Other portable devices : ER-2000

J Arrhythmia 2015;31(4):201-209

http://www.boryungconsumer.co.kr/


AF detection by ER-2000



J Arrhythm 2015;31:201-9.

Atrial fibrillation Narrow QRS tachycardia PVC during SR

Feasibility of ER-2000 – Arrhythmia detection



Wearable ECG monitor devices (국내 available)

대웅 (Seers tech.) - 모비케어

삼진 (삼성SDS software) - S-Patch

드림텍 –카데아솔로

ATP-C100 에이티센스

유한 (휴이노)
– MEMO Patch

동아에스티 (MEZOO)

- 하이카디

스카이랩스 – CART (반지형)



MyDiagnostick
OMRON HeartScan

Dimetek Dicare micro 
Ambulatory ECG recorder

ReadMyHeart InstantCheck PC-80 MD100E
(Printing) EKG/ECG-80A

EPI MiNi

Other portable devices



Report: Detect AF and other arrhythmias



2022.2/1 장시간 심전도기록 검사 급여개정안



NEJM 2019;381:1909-1917

• Predictive value of app. Detecting
irregular pulse (possible AF)

• 419,297 without AF & Apple iPhone app users

[study design]

• Positive predicted value – 0.84 (95% CI, 0.76-0.92)

• Of 1376 notified participants who returned a 90-day survey, 57% contacted 
health care providers outside the study.

Apple Heart Study

Irregular pulse 
notification by app. 

(PPG based)

2160/419,297 (0.52%)

Telemedicine initiation 
ECG patch was mailed

Analyze returned 
patches (after m. 13 days)

34% were AF

PPG-based app.→Patch type ECG monitor devices



Validation of an algorithm for continuous monitoring of AF using a smartwatch (Samsung Galaxy Watch Active 2)

2021 Heart Rhythm 18:1482-1490

Validation of an algorithm for AF detection: PPG-ECG

n=204

→ (smart watch) PPG-algorithm can estimate AF burden.



2019 JACC 74(19):2365-2375

PPG-based app. : Hwawei Heart Study

• Positive predictive value of PPG 91.6% (95% CI 91.5%-91.8%)
• Within 14 days, 70.8% of AF episode were found

→ Smart device-based PPG monitoring could be a feasible approach for AF screening.
(but, PPG-based device only cannot diagnose cardiac arrhythmias)



Efficacy of long-term ECG monitor for detection of 
drug-refractory AF   (11day Patch vs. 24hr Holter)

• Study inclusion:
- Documented diagnosis of paroxysmal AF
- Currently receiving anti-arrhythmic drug (AAD)

therapy (Class Ic or Class III)
- Sinus rhythm at outpatient clinic visit after AAD therapy

• 59 Patients underwent 11day ECG patch monitor (AT-Patch®, ATsens Co., Ltd) and 
24hr Holter simultaneously, while the AAD therapy was continued.

→ Detection rate of drug-refractory AF/AT was compared between the two devices.

Y Choi, YS Oh, et al., Unpublished data

< Detection rate of arrhythmias > < Temporal distribution of AF/AT detection >

→ Extended rhythm monitoring can lead 3-fold higher
detection compared to 24hr Holter



• ECG ITSELF is mandatory to diagnose arrhythmia (NOT PPG-based).

• Home-based, user-owned, self-applied wearable ECG devices improve the 
diagnosis of arrhythmia (esp. AF in recent papers)
→ select device type: Continuous monitoring type (Patch, Holter), 

Event-recording type (Watch-type)

• Feasibility is not bad, but confirmation by physician is needed.

• Various types of devices
• Portable ECG monitoring devices - KardiaMobile, ER-2000,…

• Patch type ECG devices – MEMO Patch, MobiCare, S-Patch, AT-patch, CardeaSolo, …
• Watch type ECG devices – KardiaBand, Apple watch, MEMO watch,…
• App based AF detection technology – photoplethysmography, mechanocardiography

• New technology is promising in the field of arrhythmia

Summary



경청해 주셔서 감사합니다..
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