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Screening for atrial fibrillation

2020 ESC MM &S 710 =2}l

« Definition and diagnosis of atrialfibrillation

Recommendations Class® Level®
ECG documentation is required to establish the
diagnosis of AF,
o] A standard 12-lead ECG recording or a sin-
gle-lead ECG tracing of =30 s showing heart I B

riythm with no discernible repeating P waves
and irregular RR intervals (when atrioventric-

ular conduction is not impaired) is diagnostic
of clinical AF.®

Recommendation Class* Level®
Opportunistic screening for AF by pulse taking
or ECG rhythm strip is recommended in I B

188,211, 223,725

patients =65 years of age.

When screening for AF it is recommended

that217-218

e [heindividuals undergoing screening are
informed about the significance and treatment

implications of detecting AF.

SC 2020

e A structured referral platform is organized for

screen-positive cases for further physician-led

Table 5 Sensitivity and specificity of various AF screening tools considering the 12-lead ECG as the gold standard'”*

Sensitivity Specificity

Pulse taking””” 87-97% 70-81%

Automated BP monitors™" *’ 93-100% 86-92%

Single lead ECG™"® 7" 94 - 98% 76-95%

Smartphone apps'°%'#7 171172212412 91.5-98.5% 91.4- 100%

Watches'’®78#13:21% 97 -99% 83 -94%

AF = atrial fibrillation; BP = blood pressure; ECG = electrocardiogram.

EESC 2020

Ref.> 1. Hindricks G, et al. £ur Heart J. 2020;ehaa612.

FYSUETTTENT T STTEETITE ST OE CTOTTsIaeETed

to detect AF in individuals aged =/5 years, or
212224227

those at high risk of stroke.
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Screening Guideline for AF

*ﬂlbg-k“% ﬁa-E‘I IE>I %x-" -ﬂaﬂ:l E_TI_A-I3 No symptoms attributable to AF and 2020 ESC.AF .d /.
(A Report Of the AF-SCREEN International NOT previously diagnosed with clinical AF gUI eiines
Collaboration)
Key Pﬂfntz _ _ Physician-confirmed: > m 'S ECG Showing AL
Single-timepoint screening of people =65 yec - ClED-recorded electrograms with AHRE (physician-confirmed)
the clinic or community appears justified bas = R SR rrr———
of screening and likely cost-effectiveness. Fo [/ TR yo aponece |, oo foSer
I I <) i . _ ¢ of AF (includi
years of age or In younger age groups at hig BLRE e : i s P
or stroke, 2 weeks of twice-daily intermitteni i ‘
ing may be warranted s e e et Ay
S —CT Subclinical * AF symptoms present or
* |CM-recorded AF absent
b "65A| O| A0 M AEtHE AT HE-BS b | #
e e wrtoagy | Hobor ) |
754 Ol< = ARAT BAUM= 25 SO 1. e
G(; to
section 16

Manage AF

Freedman B, et al. Circulation. 2017;135(19):1851-1867. / Circ Arrhythm Electrophysiol 2018;11:e006274.

2020 ESC AF guidelines, Eur Heart J 2020; 00: 1-1125.



Patient initiated (or medical
professional) oscillometric blood
pressure cuff

Pulse palpitation, auscultation
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Patient initiated (or medical
Patient initiated Semi-continuous professional) intermittent ECG
photoplethysmogram on photoplethysmogram on a rhythm strip using smartphone or
smartphone smartwatch or wearable dedicated connectable device
. AN AN J
e aYa aYa \
|
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Intermittent smartwatch ECG L =<y R
initiated by semi-continuous
photoplethysmogram with prompt Wearable belts for continuous Stroke unit/in hospital telemetry
notification of irregular rhythm or recordings monitoring
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Long-term Holter 1-2 week continuous ECG patches Implantable cardiac monitors
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[ | 217E (sensitivi) | SOIE (Specificity) anss

ot FX| 87-97 % 70-81 % :
Xs EHuA 93-100 % 86-92 %
HURE MNE 94-98 % 76-95 %
ADIEE OjZ2HO01 91.5-98.5% 91.4-100 %
A (ADERR) 197-99 % 83-94 %

YHSA Oy #H JF
(telemetry)

ADIEE A
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2021 Korea HRS
AF guidelines.
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oINS YU 7182
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ADIEES
0ig8t PPG &%

s, other sensors (using seismocardio
hones, wrist bands, and watches. Int

he wrist using an optical sensor for PP
ithm for AF detection analysing pulse i

Joung BY, et al. 2021 Korea HRS AI%uideIines.

2020 ESC Guidelines for the diagnosis and management of atrial fibrillation (European Heart Journal 2020-doi/10.1093/eurheartj/ehaa612)



\Wear'able Device 2t single lead EKG data (1)

‘ ORIGINAL ARTICLE ‘ / - o —

-l 10:09 AM 100% w-

()
Apple Heart Study

Large-Scale Assessment of a Smartwatch j‘ ‘ |

No. of Patients with Table 2. End-of-Study Survey.
Subgroup.  AF/Total No, (%) . Notification Non-notification
. Subgroup Subgroup
Overall 153/450 (34) —— "'l Variable (N=929) (N=293,015)
-
Age New diagnosis — no. (%)
>65 yr 63/181 (35) ——r i oy
55-64 yr 47114 (41) p——o—1 | trial fibrillation 404 (43) 3070 (1.0)
40-54 yr 34/106 (32) S —— 5 Stroke 7 (0.8) 321 (0.1)
22-39 yr 9/49 (18) ) c TIA 12 (1.3) 498 (0.2)
22 2 Heart failure 30 (3.2) 648 (0.2)
Female 26/102 (25) ety
Male 124/335 (37) | | Myocardial infarction 10 (1.1) 574 (0.2)
0 10 20 30 40 50 60 70 80 90 100 Major bleeding 7(08) 842 (0.3)
AF Yield (%) Medication use — no. (%)*
Warfarin 20 (2.2) 265 (0.1)
<Yield of Atrial Fibrillation on EC6 Patch Monitoring> Direct oral anticoagulant 202 (22) 996 (0.3)
Aspirin 338 (36) 40,774 (14)

* This category refers to medication use since enrollment in the study, as re-
ported by the participants.

“AOLE X|Qt EC6 TiX| EHE2 84% YX|sIFHoH,
ADIE QX|2HE Y22 "ie Ao Hix| oke J CfH| AU S/k]

Lo -

ns
M

S U, SSaHeH AL S2| HE0| =US

’

Tof el Apple Heart Study (ClinicalTrials.gov.NCT03335800)

TYMORROW.
HA

EW N ENLG J MED 381;20. November 14, 2019



‘Wear'able Device 2t single lead EKG data (2)

The REHEARSE-AF Study

4%

~— [ECG
=— RC

Detection of AF

AliveCor (R), KARDIA

0% 1

0 10 20 30 40 50
weeks

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

Shaded areas represent 95% confidence regions. Log-rank P=0.004 (Mantel-Cox). RC indicates routine care

TQGETHER.

8 The REHEARSE-AF Study
TYMORROW.
EWHA

Circulation 2017 Nov 7:136(19):1784-1794.



Wearable Device 2} single lead EKG data (3)

ThemSToPS Randomized Clinical Trial

v Age of 75 years or older,
v male older than age 55 years

e

2 waeks

or female older than 65 years
with 1 or more comorbidities

2 weeks

ToXT  Immediate Monitoring Don-ﬁ

e

"HUMS 2T 2HAHOA,
TJ|01€1E EC6 THX|E 53+ 24

Immediate group 3.9% (53/1
- FSIH MYBE [Actively mon
100persons-years]

Cumulative Probability of Atrial

Fibrillation Diagnosis, %

2

200
Time Since Randomization, d

/

All monitored

Matched control
T

365

Steinhubl SR, et al. JAMA. 2018:320(2):146-155.




‘Wear'able Device 2t single lead EKG data (3)

ThemSToPS Randomized Clinical Trial

251

204

Frequency
=t
(S

L

[
=
L

0

1

Patch 1 Patch 2

23455}'39101112 2 3 4 5 6 7 8 9 10 11 12 13
Time to First Atrial Fibrillation Episode, d

100

80

- 60
- 40

-20

% ‘aAnenWwn)

BGETHER
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Steinhubl SR, et al. TAMA. 2018;320(2):146-155.




Screening for AF in the Older Population (275yrs old)

Systematic ECG screening should be considered

to detect AF in individuals aged > 75 years, or lla B 856 Participants enrolled ‘

those at high risk of stroke.*'***#*%

856 Randumized-.”%"'j:
Screening Group — _—
: patch cECG (Zio XT; iRhythm Technologies)

. up to 2week (baseline and 3months)

434 Assigned to screening group 422 Assigned to control group

. . . 423 Received at least 1 422 Received standard care

The home BP monitor (Watch BP-Home A; Microlife adhesive ECG patch |
Corp)
v' Twice daily (morning and evening) _ .
v If 2 or more of the 3 consecutive measurements 386 Completed 6-mo follow-up 402 Completed 6-mo follow-up

were positive for AF. 48 Did not have 6-mo follow-up 20 Did not have 6-mo follow-up
v' Participants and clinicians were advised not to act 0 Died 1 Died

upon the home BP monitor AF screening results. 13 Lost to follow-up 11 Lost to follow-up

35 Withdrew 8 Withdrew
Y ) Y
434 Included in the intention- 422 Included in the intention-
to-screen analysis to-screen analysis

TBGESi JAMA Cardiol. 2021;6(5):558-567

EWI



Screening for AF in the Older Population (275yrs old)

12 -

10
6 -
81 5 |
E_ I 3
. 3
]

. AF was detected in 23 of 434 par‘rncupan‘rs (5.3%) in the screening group vs 2 of 422 (0.5%) in the control group
(relative risk, 11.2; 95% CI, 2.7-47.1; P = .001)

First adhesive ECG patch (baseline) Second adhesive ECG patch (3 mo)
i 100

No. of patients

No. of patients

1% 15414 30 9 AN

« Anticoagulant therapy had been prescribed for 18 of 434 participants (4.1%) in the screening group vs 4 of 422 (0.9%)
in the control group (relative risk, 4.4; 95% CI, 1.5-12.8; P = .007)

« Twice-daily AF screening using the home BP monitor :
v sensitivity of 35.0% (95% CI 15.4%-59.2%), specificity of 81.0% (95% CI, 76.7%-84.8%)
v' positive predictive value of 8.9%(95% CI, 4.9%-15.5%),negative predictive value of 95.9% (95% CI, 94.5%-97.0%).

GETHER.

BMORROW JAMA Cardiol. 2021;6(5):558-567




AYMNS2 S Aol 0E Wearble 8 =2 AFEE A QY

- Wearable devices £ 0| & Adapzr 4
« Wearable devices £ &8% £ 9l= *HE-E- ANz HE8S=S

-lr-l _,'Ecl_ % / é! Hol-k" % Ischem:stmke | Time after stoke |
- iI ; %2' 30 -40 % :: ECG- monitoring

e 72 hours
Anl I:Iol'*'" % O'II 7 I ?_I OI- EI'. Telemetry/ in dlicory ECG recorder

Additive non-invasive ECG-

monitoring based on .E
_ risk stratification ~
P
7|T': 7|'0|E El'ol_l NO further ECG- | et High atrial fibrillation risk
monitoring Low : )
1 ...
l ngh
1
I
1
v z
=]
&
(5r]

Prolonged noninvasive or |
invasive ECG-monitoring @

C-' Detection of 230 sec ~

7 R IV ECN i
SAZ BE HT  Hoher AR5 717 T (@A A

GETHER.
8MORROW




|CANDLE - AF Trial ( Clinicaltrials.gov / NCT04624646)
f \

= C}7|2, MM, 2A19|, 2284 243 A7 (0|80l S5 Hal/ M2 W)

n 4%} SE Y M35 24 HES (Stroke) 0] &St 2tXt I AWM S0| WAL X| 4= 2K} (Unknown origin Stroke)
— 18N ~ 90M| 42!
- J7HE O|LHel 5 HES
- HES TE 19 0L MY-AMIS( Atrial fibrillation, ICD10 : 148)2 EITt BIX| 013,
- L EFO| YIS It Lab, Image W/uOllA Batst OIS AHX| 28
- LEZ X 0| 727H9| Continous EKG monitoringdlAl AFO| RITHE[X| 42 AL

\_ J

Clinical implication of Atrial fibrillatioN Detection using wearabLE device in patients with cryptogenic stroke
- The comparison between short-term continuous patch and long-term ntinuous monitoring (CANDLE -AF -

v

Wearable Device Group 2
(3T AHS E} 2|=717]) (N=200):

2 S5 (Ol= 53

Ry

Wearable Device Group 1
Guideline Group (Control:N=200) ! (CH& 2|27171) (N=200):

(Continous Short-term monitoring)

n L EF T 7Y ~ 30 ALO|Q) E|H |
EKG monitoring

n L ES FH 7Y ~ 30 AO[Q] E|HT AU
EKG monitoring

= 2|2 2HEA| OFCH (£|4 37H20}CH Patch typ
wearable device 7t X (72 AIZt & =

\. 7 XN

(Discontinous Long—term monitoring)

m | EX T 72 ~ 302 At0|Q] E|RX LY
EKG monitoring

n £ 0|2 FI7IMQI o2 YRt N = £l 015 F7IXQl Q2 W2t HHE = £ 0|5 H7IMQI Q2 Y2 N
(E2Al Holter), 4 LA 4HZ (HQA| Holter), B4 YK MN¥E (HQA| Holter), B4 WX MNE
1 +

= E|[2IA| KARDIA, AliveCor ® Xt : DY
Sl 2-3 1 30 ZMQ| HNEE ZHOIEE &

—=
ne

.

TQGETHER.

TYMORROW.
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Randomized clinical trial (N=3)

Prospective cohort

Study design (N=6)

Cross-sectional

PPG e | ]
- Cardiorhythm S Screening
- PulseSmart i Studies Smartphone (N=1)

- FibriCheck EXFOSC0 (N=15)
AliveCor (N=9)
Electrical signals |

- Al ve.Cor - Type of device Smartband and AliveCor (N=1)
-  MyDiagnostick

Zenicor (N=2) " Kardia
Smartband (N=2) ':
4
—_—

¥8§§|§@w Europace, Volume 23, Issue 1, January 2021, Pages 11-28

EWI



RSt paeants mHealth apps for AF detection

28 validation studies 15 screening studies

- R U

Smartband I > Sensitivity: 68-97% Incidence of AF
Specificity: 67-100%

% Healthy
PPG

Sensitivity: 95-98% population
Smartphone { :> Specificity: 95-99.6%
I Accelerometer > 0.12% @ A
AliveCor Hospitalized
. F airioai > Sensitivity: 66.7-98.5% bt ante
IECG | Specificity: 99.4-99% E
Mydiagnostick /T eaching points )
IT_E¢ 1. Screening for AF with mHealth is feasible.
itk Sensitivitys D152 2. Its perfomance varies with the patient
-- | > Specificity: 91% population.
9 3. More research is needed to establish its real
\ 4 \__value. )

TQGETHER.

L MORROW. Europace, Volume 23, Issue 1, January 2021, Pages 11-28
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HOLTER REPORT . M/ 41 palpitation, TIA

Overreading Physician ,
Referring Physician ,
Ordering Physician: Park Joon Beom, M.D
Hook-Up Technician: ,
Indication/Diagnosis: Palpitation

Medications

General Heart R3

98462 QRS complexes 46 Min

1 Ventricular beats (< 1%) 70 Avg

45 Supraventricular beats (< 1%) 125 M4

<1 % of total time classified as noise 2126 Beqg

17351 Be;

1.4 Seq

Suprave

32 Iso

. C
Ventriculars (V. F. E, | % Bi?:; :

1 Isolated 3 Ru

0 Couplets 3 Beq

0 Bigeminal cycles 3 Be;

0 Runs totaling O beats

HEN| S ; W 109BPM
I c= MM S| HEE HAL|CT,
| &X|] 25t Zal2l™H o|ALR} 49|35t Al K.




Mobile Health Technology for Improved AF Screening
and Transfer Into a Holistic and Integrated Care (Huawei Heart Study)

Mﬁﬁw |0 Ee

@ﬂ H“gfl,\pFiﬁal sl Mobile Atrial Fibrillation App

1. Trial design: wristand &£ = wristwatch
£ 1422t SLIE SHCH.

2. PPG algorithm0il Al possible AFZ =4
ot™H S KI&tCt.

3. 187,91250| 205t} 1) 424H 0| suspe
ctedAFE S Xl 2 UL

0.2% e 95.1% entered the MAFA
AF screening in 270 recelv e 87.0% had AF integrated care program
186,956 popu?ation notification of confirmed by based on the ABC
suspected AF doctors (Atrial fibrillation Better Care)
Pathway

v/ Continuous home monitoring with smart device-based PPG technology could be a
feasible approach for AF screening.

v This would help efforts at screening and detection of AF, as well as early
interventions to reduce stroke and other AF-related complications among MAFA
(mobile AF app) Telecare center in China.

Bﬁg&%‘w J Am Coll Cardiol. 2019;74(19): 2365-75.
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Arn -t

Patient

id
rh

—_—
Zach
Xiao:| patient
First
—_—

210 414 patients with 1000000 ECGs eli

35(

h 4

180922 patients with 649931 normal si
included in the analysis

.

h 4

126 526 patients (70%) with

18116 patiel

454789 ECGs included 6434
in the training dataset thein
datas

Sensitivity

1-0 5

0-8 -

0-6 -

0-4

0-2+

—— Main analysis (AUC 0-87, 95% Cl 0-86-0-88)
—— Secondary analysis (AUC 0-90, 95% Cl 0-90-0-91)

I I
0-4 0-6 0-8 1.0

1-specificity

Attia ZI. Lancet. 2019 Sep 7;394(10201):861-867




A RT | C I_ E L ’.} Check for updates |

“pature —
e Automatic diagnosis of the 12-lead ECG using

a deep neural network

Atrial fibrillation (AF)
Table 1 (Dataset summary) Patient characteristics and - mo ‘ i ve
abnormalities prevalence, n (%). I | | | | - IA/LJ/L_J‘ .
Train + Val (n = 2,322,513) Test (n = 827) ! '
Abnormality
1dAVb 1.0
RBBB Table 2 (Performance indexes) Scores of our DNN are compared on e
LBBB cardiology resident (cardio.); (ii) 3rd year emergency resident (eme 08 | \
SB .
AF Precision (PPV) Recall (Sensitivity)
A ST DNN cardio. emerg. stud. DNN cardio. emerg. stud. 0.6 1 + E
ge group 1dAVb 0867 0905 0639 0605 0929 0679 0821 0929 32
16-25 RBBB  0.895 0.868 0963 0914 1000 0971 0765 0941 Q4. e« DNN 28
26—-40 LBEB 1.000 1.000 0.963 0.931 1.000 0900 0.867 0.900 ) v cardio 115
, . ) . . , . . : '50
41-60 = emerg. '06
61-80 : , _ . . : . . . ¢ stud: )
>81 —_
Sex PPV positive predictive value. The bold values represent the best scores. D D ’
Male 972272, 78U (39.7%) 32T (38.8%) ] 0.0 0.2 0.4 0.6 0.8 10
Female 1,399,733 (60.3%) 506 (61.2%) R I (S + t‘y‘]
eca ensiuwvi

¥8§E§R'ﬁ%‘w NATURE COMMUNICATIONS | (2020) 11:1760 AF

EWI



AF data preprocessing

30 days 30 days

B3t e W2 AP | Nk

Window size = 17H& (30¢) 2903 2903
Window size = 37§& (90¥ 3889 3889
Window size = 67§ & (180Y) 4456 4456

TQGETHER.
TYMORROW.
EWHA




G/0/E] 24

10 A 10 {|— Nature paper = 0.869 10 A

0.8 1 08 - 0.8 -

0.6 1 0.6 4 06 -

0.4 - 04 - 04

0.2 07 - 0.3 -

0.0 - —— Mature paper = 0.918 0.0 - 0.0 - —— Mature paper = 0.889
0.0 0.2 04 0.6 0.8 10 0.0 02 0.4 0.6 0.8 10 0.0 0.2 04 0.6 0.8 10

window = 1Tm window = 3m window = 6m

10 {|— Nature paper = 0.827 H0] 7 Nature paper = 0.864 m

1 M (7000) 0.918

" e 3 M 0.869

0.4 0.4 1 oM 0.889

" ] 7 Days (1900) 0.827

.

00 ! | , . . 14 Days (3300) 0.864

T T T T T T T
00 02 o4 0.6 0.8 10 0.0 0z 04 06 0.8 10

window = 7d window = 14d

TQGETHER.
TYMORROW.
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A new deep learning algorithm of 12-lead electrocardiogram p 2=
for identifying atrial fibrillation during sinus rhythm

I Normal sinus rhythm
I Atrial Fibrillation

PAF Probability = 10%

Index AF ECG AF symptom (+) r
days
AF symptom (-) \ AF symptom (-) \ AF symptom (+)
February 2016 November 2016 October 2017 July 2018 May 2020
LTJ
L L 14 days
PAF Probability = 6.3% PAF Probability = 100% PAF Probability = 90%

PAF-nO‘l";nal ECG }, e (e s g otha] section BI-LSTM
Real-nor[;\al ECG 2 g in ECG for predicting AF (Deep Belief Network)

ECG Informatlon within RR interval

: e
[ o A -
i arye=n - % ‘ = | Wihdos Loy > ]
i F e —4- 4% L
iR A 4t ...%-R“.,..-,"'_,_J\oj'x, [
g NA Paicwise
3 —1~ v : = (7 Jorr- 08 —T T T—— ]
o1 1 R
: / \ T S
PH el | Q.L“ / ._\\;
Tome ' YRy 0

BGETHER

MORROW YS. Baek et. al. Sci Rep. 2021; 11: 12818.



'CASE

62/F : Health check up / palpitation in ER

25-NOV-2015 08:13:24 INHA UNIV. CARDI(
61 vr Vent. rate 55 BPM Sinus bradycardia
Male Caucasian PR 1‘nterva1 148 ms [ I 1 |
Room.CVCC 28 MAY-2016 20:12:08 INHA UNIV. CARDIOVASCULAR CTR.-ER1 ROUTINE RETRIEVAL |
Loc:1 1
B 61 yr Vent. rate 53 BPM Sinus bradycardia
Techuician: PTY Male Caucasian PR interval 142 ms Otherwise normal ECG
Test ind QRS duration 98 ms
Room:CVCC QT/QTc 438/411 ms
Loc:1 P-R-T axes 17 70 64 P F P b b . I . 1 Ooo/
o AF Probability = o
1
Technician: KEJ
J I ﬁ Test ind:
ESd RRRES RASEH SRES NN REERRSERREEI
1 | S s Confirmed By: SUNG WOO KWON
f 1
| . A
e
’_,/\_.__.Jb_u"/\J l/ — “ : q
I
| | |
| I |'| e StancesRRnsis A SEnnnina - e |‘ Al
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