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Occult atrial fibrillation (AF) timeline 

Joseph Walker Keach et al. Heart 2015



At least a third of patients with AF are 

asymptomatic.

Only a fifth of symptomatic AF patients will have 

symptoms temporally related to their AF episodes

Hindricks G, et al. Perception of atrial fibrillation before and after radiofrequency catheter 

ablation: relevance of asymptomatic arrhythmia recurrence. Circulation 2005;112:307–13.

Quirino G, et al. Diagnosis of paroxysmal atrial fibrillation in patients with implanted pacemakers: 

relationship to symptoms and other variables. Pacing Clin Electrophysiol 2009;32:91–8.

Silberbauer J, et al. Electrophysiological characteristics associated with symptoms in pacemaker 

patients with paroxysmal atrial fibrillation. J Interv Card Electrophysiol 2009;26:31–40. 

증상 없는 심방세동의 빈도는??



 Cryptogenic stroke population

 Intracardiac device population

 Elderly population

ESC guideline: 2016

High risk for asymptomatic AF



Current guideline of Screening

ECS guideline 2016



Current guideline of Screening

Recommendations Class Level

Opportunistic screening for AF is recommended by pulse taking or ECG rhythm strip in 

patients >65 years of age.

I B

In patients with TIA or ischemic stroke, screening for AF is recommended by short-

term ECG recording followed by continuous ECG monitoring for at least 72 hours.

I B

It is recommended to interrogate pacemakers and ICDs on a regular basis for atrial high 

rate episodes (AHRE). Patients with AHRE should undergo further ECG monitoring to 

document AF before initiating AF therapy.

I B

In stroke patients, additional ECG monitoring by long-term noninvasive ECG monitors 

or implanted loop recorders should be considered to document silent atrial fibrillation.

IIa B

Systematic ECG screening may be considered to detect AF in patients aged >75 

years, or those at high stroke risk.

IIa B

KHRS AF Guideline Working Group, Korean Cir J 2018



Extended monitoring of high risk patients

 Repeated daily ECG recordings increased the detection 

of silent, asymptomatic paroxysmal AF in an unselected 

Swedish population aged >75 years. 

 Several patient-operated devices and extended 

continuous ECG monitoring using skin patch recorders 

have been validated for the detection of paroxysmal AF. 

Engdahl J, et al. Circulation 2013.

Kaleschke G, et al. Europace 2009.

Tieleman RG, et al. Europace 2014.

Barrett PM, et al. Am J Med 2014.





Extended screening with ILR 

in Cryptogenic stroke patients 

J Brachmann, et al. Circ AE 2016



Handheld ECG

 In 2007, the launch of the Apple iPhone. 

 In 2008, Dr David Albert created the AliveCor.

 In 2014, AliveCor announced that more than one million 

ECGs had been recorded using their devices.

 In 2017, FDA cleared the Kardia Band, lets you see the 

actual ECG.

Orchard J, et al. Aust Fam Physician. 2014

Orchard J, et al, Eur J Prev Cardiol. 2016

Lau JK, et al. Int J Cardiol. 2013



REHEARSE-AF study

J Halcox, Circ 2017



J Halcox, Circ 2017

Study Population

Individuals >65 years of age 

CHADS-VASc score ≥2

not in receipt of OAC therapy without a known diagnosis of AF 

permanent cardiac pacing implantation were recruited.

 Study group

Single lead ECG recorded with the AliveCor device (iECG)

twice-weekly recording and transmission of a 30-second single-lead 

iECG trace to a secure server

 Control group

Routine care was done and followed up as normal by their general 

practitioner.



REHEARSE-AF study

J Halcox, Circ 2017



Results

Kaplan-Meier plot showing the estimated detection probabilities for atrial 
fibrillation (AF) in each study arm over the 52 weeks of the trial

P=0.004



Results

Predictors of AF

J Halcox, Circ 2017



almost 4-fold increase of a diagnosis of AF of 

a year 

a cost of $10780 (£8255) per additional AF 

diagnosis.

J Halcox, Circ 2017



JACC 2018



STUDY population. 

Consecutive patients with a diagnosis of AF who 

presented for scheduled elective cardioversion.

Inclusion

age 18 to 90 years

willing to wear the KB before and after CV. 

excluded all patients with an implanted pacemaker or 

defibrillator.

JACC 2018



Methods

JACC 2018



Kardia Band



Methods

JACC 2018

• pre-CV ECG followed immediately by KB recording. 

• post-CV ECG was then obtained along with another KB recording. 

• The KB tracing was automatically analyzed using the KB algorithm. 

• This algorithm measures rhythm and P-wave

irregular rhythm and P wave absence in real time  “possible AF.” 

regular rhythms with P waves  “normal” 

rates <50 or >100 beats/min or if the recording is noisy or shorter 

than 30 s  “unclassified”



JACC 2018



JACC 2018



Results

JACC 2018

Sensitivity of 93% (63 of 68; 95% confidence interval: 86% to 99%), 
specificity of 84% (37 of 44; 95% confidence interval: 73% to 95%), 

and k coefficient of 0.77 (95% confidence interval 0.65 to 0.89)



Results

Unclassified KB Readings

JACC 2018

Sensitivity of 100% (14 of 14; 95% confidence interval: 77% to 100%) 
specificity of 80% (20 of 25; 95% confidence interval: 64% to 96%)

k coefficient of 0.74 (95% confidence interval: 0.54 to0.95)



Results

JACC 2018

The accuracy of the KB algorithm for the detection of AF 

was comparable to ILR results.



Circ EP 2019

Smartwatch Performance for the Detection 

and Quantification of Atrial Fibrillation

• SmartRhythm 2.0, a convolutional neural network, was trained 

on anonymized data of heart rate, activity level, and ECGs from 

7500 AliveCor users. 

• 24 patients with ICMs and a history of paroxysmal AF who 

simultaneously wore the AFSW with SmartRhythm 0.1 software. 

• The primary outcome was sensitivity of the AFSW for AF 

episodes ≥1 hour. 

• Secondary end points included sensitivity of the AFSW for 

detection of AF by subject and sensitivity for total AF duration 

across all subjects. 

• Subjects with >50% false-positive AF episodes on ICM were 

excluded.



Circ EP 2019



Circ EP 2019

The ICM detected 82 episodes of AF ≥1 hour with a 

total duration of 1127.1 hours. 

The SmartRhythm 2.0 neural network detected 80 

episodes (episode sensitivity, 97.5%) with a total 

duration of 1101.1 hours (duration sensitivity, 97.7%). 

Three of the 18 subjects with AF ≥1 hour had AF only 

when the watch was not being worn (patient 

sensitivity, 83.3%; or 100% during time worn).





Europace 2019

Index and middle fingers on a mobile iECG PPG recording with a smartphone camera



Europace 2019

Flow of participants in the DETECT AF PRO trial



Europace 2019

Accuracy of the Heartbeats algorithm Accuracy of the Kardia algorithm



Conclusion and future perspectives

 Screening of AF is of great importance in the prevention 

of ischemic stroke, which is a socially and medically 

substantial issue.

 Advance of technology and cost-savings systematic 

population screening for AF is becoming an increasingly 

feasible approach.

 All screening efforts will lead to greater AF awareness 

and detection, as well as an improvement in outcomes.



Thank you for your attention
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Temporal trends of medical cost between 2006 
and 2015 

C. the proportion of total AF hospitalisation 
cost to Korean NHIS total expenditure (%).

B. total AF hospitalisation cost (million €) 

A. Korean NHIS total expenditure (million €) 

The total cost of care increased even after 

adjustment for inflation from €68.4 million in 2006 

to €388.4 million in 2015, equivalent to 0.78% of 

the Korean NHIS total expenditure.



심방세동을 왜 치료해야 하나?

ACC/AHA/ESC 2006 guidelines Eur Heart J. 2006;27(16):1979–2030

심방수축력 감소
(atrial systole)
제대로 수축하지
못하고
움찔움찔한
잔떨림을 보임

심방에서 혈액이
원활하게 흐르지
않음 →혈액이
고임→ 혈액응고를
일으킴

심방수축감소로
심실에 혈액이
덜채워짐

Ventricle only 
ejects its contents

혈전색전 위험

Decrease in 
ventricular filling: 
about 20%

심박출량(심실에
서 전신으로
보내는 혈액의 양)
감소

빠르고
불규칙적인
심실 박동

Coronary flow is 
diastolic 

Diastole shortens 
due to tachycardia

Oxygen 
consumption 
increases 

Supply decreases

뇌졸중 !

심부전 !



C2HEST score for AF prediction

Chinese 
(n=471,446)

Korean 
(n=451,199)

AUC 0.75 AUC of 0.65 

Acronym Risk factor Points

C2 CAD (1 point) / COPD (1 point) 1-2

H Hypertension (1 point) 1

E Elderly (Age ≥ 75, 2 points) 2

S Systolic HF (2 points) 2

T
Thyroid disease 

(hyperthyroidism) (1 point)
1

Total points 0-8

Li YG, Yang PS, Joung B, Lip GY, 

CHEST 2018, In press.   

240,459 French 

Li YG, Joung B, Lip GY, 

unpublished




