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Human heart
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Heartbeat
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Electrocardiogram (ECG)

Holter monitor

Recording
device
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Cardiac cycle
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ECG 2-lead vs 12-lead
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ECG 2-lead vs 12-lead
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Causes of death globally in 2019

7 74% died from noncommunicable diseases 14% died from infectious diseases- \

4.4% Pneumonia

33% died from heart diseases

Per year: 2.5 million dp.lllhs
Heart attacks, strokes, and other cardiovascular diseases. ReljaVeisRe Say2Co00 destic

Per year: 18.5 million deaths
Per average day: 50,850 deaths

2.7% Diarrheal diseases

Per year: 1.5 million deaths
Per average day: 4200 deaths

2% Tuberculosis

1.5% HIV/AIDS

% Malaria

1 8 % Ca n Ce rS 2..1% other infectious diseases

Per year: 10 million deaths
Per average day: 27,600 deaths

3.3% Neonatal deaths

babies who died within the first 28 days of life

0.4% Maternal deaths

7% Chronic respiratory diseases [4.5% Digestive diseases %4;‘;/“?‘“"3’ deﬁde”‘f‘: :
COPD, Asthma, and others Cirrhosis and others o .:?hgigasrt acciaents

Per average day: 3500 deaths
o n
2.7% Diabetes 3.1% Other accidents

> - 5.7% Other noncommunicable diseases [ ™™™ “evmnes andirs
3.9% Neurological diseases

Alzheimer's, Parkinson'’s, epilepsy, 1.3% Suicides & /amsens

and others 0.7% Homicides f

o 0.2% War battle deaths
Less than 1% died due to—
Data source: IHME Global Burden of Disease and Global Terrorism Database interpe rsonal violence

OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Max Roser

Our World
in Data
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Cardiovascular diseases in Belgium

Number of deaths in Belgium and per region due to diseases of the circulatory system, 1998-2021
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Atrial Fibrillation (AF)

e Cardiovascular disease

* 2% of the world population
* 8% (>55)
« 20% (>80)
* Risk
* bx stroke
* 2x death

* Belgium
* 10 000 strokes / year
150 000 AF

Sinus node
impulse

Typical heart rhythm
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Global prevalence of AF

Age-standartized global
prevalence rates of atria
fibrillation per 100000

B <c00

600-699

B 700-899
B >0

2020 ESC Guidelines for the diagnosis and management of atrial fibrillation
(European Heart Journal 2020-doi/10.1093/eurheart/ehaa612)
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Global prevalence of AF - relation with age

Global AF prevalence Mean age
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Projection of AF prevalence increase

Global population by broad age groups, 1990-2050 (percentage)

Voin 100
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0
L . . o 1990 2000 2010 2020 2030 2040 2050
2020 ESC Guidelines for the diagnosis and management of atrial fibrill:
(European Heart Journal 2020-doi/10.1093/eurheart/ehaa612) Year

mage 0-14 mage 15-24 mage 25-64 ®age 65+

Source: United Nations, Department of Economic and Social Affairs, Population Division (2019). World Population Prospects 2019.
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AF evolution

Normal sinus rhythm (NSR)

\‘ Paroxysmal AF

30 seconds = 7 days

\‘ Persistant AF

> 7 days

Stroke \’
Permanent AF

v

Years

14/03/2025 INFO-H512 - Cédric GILON 19



AF screening

* Holter monitor
* 24-hour recordings
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Systems for AF screening

,"v/'n. e
Intermittent smartwatch ECG - . .
(‘.f) initiated by semi-continuous 4
Patient initiated (or medical - - photoplethysmogram with
professional) oscillometric blood 1 prompt notification of irregular Wearable belts for continuous Stroke unit/in hospital telemetry
pressure cuff Pulse palpitation, auscultation . P rhythm or symptoms recordings monitoring

\_ J N P \ % o N P,
4 . . o Nt a4 %

Patch ICM

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 Long-term Holter 1-2 week continuous ECG patches Implantable cardiac monitors

. 2 % 0N J N >N il R .
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Systems for AF screening

* Compagnies
* Apple Watch
* KardiaMobile
* Fibricheck
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AF detection in ECG

ECG from
patient with AF

|
Cardiologist AF
annotations NSR
|
AF
NSR

healthy subject

Cardiologist
annotations
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Onset Forecast
and Risk Identification During Sinus Rhythm:
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AF onset forecast

Find AF signature before the AF onset

AF onset

ECG from
patient with AF

pre-AF
Prediction

NSR
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AF risk identification

Find AF signature during Normal Sinus Rhyhtm

ECG from
patient with AF
|

High risk j —

Low risk

Prediction

n
»

ECG from
healthy patient
|

High risk
Prediction
Low risk
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A Machine Learning Approach
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Machine Learning (ML)

Artificial Machine Deep
Intelligence (Al) Learning (ML) Learning (DL)

-
3/)
-

1950 1960 1970 1980 1990 2000 2010 2020 2030
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Machine Learning (ML) paradigm

Data

\4

Classical

. —> Answers
Rules — Programming

Data — Machine

) — Rules
Answers —— Learning
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Machine Learning vs Deep Learning

Input Output

Machine JL\MNM\MML - Features —_— Model _— Prediction

Learning
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e
Features from ECG Morphology

 \Waves
e Duration

" RR |
interval
* Amplitude T
* Area Es | FQr T
5 interval
* [ntervals | | 0
° Segments L ONEE L™\ / /’\_/\
S ~eEEE i — 001
i x , ol se:rgenf - d$2t|s<an .- éegsr:.ent s

Speed: 25 mm/sec

14/03/2025 INFO-H512 - Cédric GILON




ECG delienation

150 @) ECG_P_Peaks
ECG_P_Onsets
) ECG_P_Offsets
v ) ECG_0_peaks
125 I l ECG_R_Onsets
| @) ECG_R Offsets
“ ECG_S_Peaks
1.00 ! | ECG_T_Peaks
| ECG_T_Onsets
| ECG_T_Offsets
0.75 3
0.50 : i

0.25 : s

0.00 p—

A
4
.
1

-0.25 e

-0.2 0.0 0.2 0.4

14/03/2025 INFO-H512 - Cédric GILON 32



Premature Atrial Contractions (PAC)

Normal PAC - atrial
conduction — conduction
_ (SA node) \ AV node

= Normal = Normal ——= Normal PAC Normal

e T v TR HF S J o 4 -
x 5 L2 N 1A
3 § N 0
g
r o "
0 v

https://ekgstripsearch.com/PAC.htm
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Features from HRV

* RR intervals R RRw RRe

* Temporal i i : - ;
* Value: mean, min, max e

« Deviation: sd o4 ! ! i J
* Difference: pNN50 € o2 | :
o AN N
) | | E E

o 0 : 500 1000 15300 2000 2502) 3000 3500 : 4000

Time (ms)
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Features from HRV

. N X M

* RR intervals . | .
I e i b 4

 Temporal | |

150 I 1

 Value: mean, min, max : :

e Deviation: sd 125 | i

* Difference: pNN50 "~ 100 i i

* RR distribution 3 i i

75 : :

0 e

o L_i || |||| |I||‘ ||||||...,.. :

500 600 700 800 900 1000 1100
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14/03/2025 INFO-H512 - Cédric GILON 35



Features from HRV

* RR intervals

* Temporal
 Value: mean, min, max

Deviation: sd
Difference: pNN50
RR distribution

AC DC
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AC and DC

A ECG F—— heartbeat interval
= — J Ao >, /\'_,J v, { P o — lr". = 4‘__,\ J A
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Y
A f DC(AC)= [X(O)+X(1)—X(-1)—X(—2)]/4
E /Hibb\ 1100— e i ' -
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Features from HRV

* RRintervals
* Temporal

* Frequential
* Low frequency
* High frequency

e Geometric

* Poincare
« SODP
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e
Autonomous nervous system

NERVOUS SYSTEM

PARASYMPATHETIC SYMPATHETIC
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e
Poincaré plot

* RRintervals = (1015,1030,1030,1030,1060 ... 1085,1100,1095,1080)
 X=RR
.Y =RR,,

Normal Sinus Rhythm Atrial Fibrillation

g8
1

RRp 4 1{ms)
RR, +1(ms)
2 g

o 200 1000 1200
RR,(ms) RR,(ms)

INFO-H512 - Cédric GILON

14/03/2025



SODP plot

* RRintervals = (1015,1030,1030,1030,1060 ... 1085,1100,1095,1080)
* X=RR.,,-RR,

Normal Sinus Rhythm Atrial Fibrillation
{ Y e RRI+2 — RRI+1 SODP plot . s S.(:):D‘fgglot .
'Ac%c 081130
ACQ-:/i\C D((:)-‘Z\c,

RR, 41— RRa(ms)
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Machine Learning vs Deep Learning

Input Output

Machine M .
Learning JL\MN k\JMlML —>  Features — Model — | Prediction

Input Output

Eeeaeraing MKM«MMUAWL > Model —_— Prediction
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Confusion matrix

* Binary classification

e AF vs NSR
* pre-AF vs NSR
- ke NSR | e False
* Low risk vs high risk Negative Positive
* Prediction score 0 2 1 Actual
Condition
e score>0.5-> AF Fale T
alse rue
* score=0.5 > NSR AF Negative Positive
NSR AF
Predicted Condition
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Confusion matrix

* Binary classification

] TP+TN True False
* Accura Cy: TP+TN+FP+FN Mok Negative Positive
Actual
TP Conditig
e Sensitivity: ——— 65 False True
TP+FN Negative Positive
cpe s TN
* Specificity: ——— B AF

Predicted Condition
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Area under the curve

e All thresholds between 0 and 1

* 0.002 5
° 0.003 / //,/’
>~ |/ g
b ~= : Vi
cee . ; | //
+ 0.997 Z |
+ 0.998 Z 0
]

* 0.999 N A Trr——

’:' [[] Classifier 1

' . Classifier 2

1 — Specificity
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Area under the curve
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e
Train split and test split

Fold 1 [—“ Hospital 1 Hospital 2 Hospital 3 Hospital 4
2005 Recording date 2023
Temporal cross-validation Spacial cross-validation
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Paroxysmal Atrial Fibrillation Onset Forecast

and Risk Identification During Sinus Rhythm:
A Machine Learning Approach
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a Paul Graham
o, (@paulg

We can't all use Al. Someone has to generate the training data.

4:00 PM - 14 Mar 2023

= 0261 Q 4119
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AF long-term
Holter ECG

Database

2 3

AF onset AF risk
forecast identification
during sinus

rhythm
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AF long-term
Holter ECG

Database
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Holter monitoring

Recording
device

@2016
MAYOY
©MAYO FOUNDATION FOR MECICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED.
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Select all squares with

traffic lights

If there are none, click skip
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Select all squares with

traffic lights

If there are none, click skip

Select all squares with

Atrial Fibrillation

Click verify once there are none left.
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Recording with annotations

10

ECG
Lead | (mV)
o

-10

10

ECG
Lead Il (mV)

=10

AF

Annotation

NSR

0 2 4 6 8 10 12 14
Time (h)
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Cardiologist annotation

Atrial fibrillation onset

N N N N v N N N v N v N N N N N N N
920 915 910 BB B30 910 915 475 350 650 690 730 460 885 as0 895 B15 625
Normal sinus rhythm Atrial fibrillation
< >
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Annotation proces

Realign annotations and time series

,.,/b /u MM(

-—-11r——«—v\r —- wﬂr-—wJ\/wJ\rﬂJ\,f

Cardiologist annotation

14/03/2025

Converted annotation

Time (h:m:s) =2 sample (200 Hz)
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Mannually corrected
annotation
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Recording cleaning

E: UM
' ~—— end of r ding
i 151
| O O {Y| O | l
| i\ 1 J
B S 5
{ s i
E o t ‘
: o
H o
@ 4 -5
}4“ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ JW -10 4
v ~15 4
i 201
2 0.00 0.25 0.50 0.75 1.00 1.25 1.50 175
Samples le7
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4 centres

CHU Brugmann (Brussels) Dr Grégoire (Brussels)
AN _ /

Grégoire: 11 656 [l

Ambroise Paré: 24 872 I = REICEe 62

NSR recordings: 365

Total recordings: 95 871
Luxembourg: 29 579

Brugramnn: 29 764 I

/ /
CHU Ambroise Paré (Mons) CHL (Luxembourg)
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Database structure

General metadata

Patient ID, Record ID, record infos

Patient ID, Record ID, record infos

Patient ID, Record ID, record infos

4

Record folder

ECG waveform RR intervals

annotations annotations

ECG waveform RR intervals data

data files
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Database structure

patient_id,patient_sex,patient_age, ,record_start_time,record_end_time,record_timedelta,record_files,record_seconds,record_samples

1
patient_000,female, 86, 5 ,2012-10-62T710:50:11,2012-10-63T10:50:02,86391,1,86391,17278200
patient_001,female,72, 5 ,2011-08-19711:19:55,2611-08-21T11:19:54,172799,2,172798,34559600
. patient_002,male, 73, P ,2012-01-16T11:29:38,2012-01-17T09:34:22,79484,1,72484,15896800
Patients ..
patient_149,female,7S, x ,2016-11-03T14:11:05,2010-11-04T14:10:56,86391,1,86391,172782060
patient_150,male, 82, 7 ,2010-09-11T11:20:54,2010-09-13T711:20:53,172799,2,172798, 34559660
patient_151,male, 43, . ,2009-10-19T713:27:13,2009-10-21T708:08:12,153659,2,1533%20, 30678001
start_datetime,start_file_index,start_grs_index, i ,end_grs_index,af_duration,nsr_before_duration
2011-08-19718:31:39,0,5180959, ,0,10945498, 288:
2011-08-20T06:25:17,0,13744484, ,10,14566492,4110,13995
ECG 2011-08-20T14:47:37,1,2492420, . 1,4394883,9512,26030
2011-08-21700:07:07,1,9206585, ,1,12000242,13969, 24058
start_file_index,start_rr_index,end_file_index,
0,36077,0,
RR 9,115995,0,
1,16508,1,
1,69828,1,
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Comparison with existing databases

Database name Total duration | Sampling rate (Hz) Total samples

(seconds) (Hz) | (Samples per lead)
MIT-BIH Arrhythmia (Moody et al. 2001b) 86 400 360 31 104 000
AF classification challenge 2017(Clifford et al. 2017) 277 138 300 83 141 400
SPH dataset (Liu et al. 2022) 281 109 500 140 554 500
CU-SPH dataset (Zheng et al. 2020) 106 460 500 53 230 000
PTB-XL 100 Hz (Wagner et al. 2020) 218 370 100 21 837 000
PTB-XL 500 Hz (Wagner et al. 2020) 218 370 500 109 185 000
IRIDIA-AF v1 (Gilon et al. 2023b) 24 085 688 200 4 817 137 600
IRIDIA-AF v2 100 655 332 200 20 131 094 524
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IRIDIA-AF v1

000 T - e o o

Planned Intervention: On Tuesday March 18th 06:30 UTC Zenodo will be unavallable for 10-20 minutes o perform a storage clusler upgrada

Published October 4, 2023 | Version 1.0.1 = e

IRIDIA-AF, a large paroxysmal atrial fibrillation long-term electrocardiogram monitoring
database
Cédric Gilen' @: Jean-Marie Grégaire' * @; Marianne Mathieu' &, : Stéphane Carlier? §: Hugues Bersini' & Show affiiations 2K 2K
@ VIEWS & DOWNLOADS

Abstract » Show less details
Atrial fibrillation (AF) is the most common susiained heart arrhythmia in adults. Holter monitoring, a long-term 2-lead elactrocardiogram (ECG), is a key ool available o .
cardiologists for AF diagnosis. Machine learning (ML) and deep learning (DL) models have shown great capacity to automatically detect A= in ECG and their use as medical All versions This version
decision support tool is growing. Training these models rely on a few open and annotated databases. We present a new Ho'ter monitoring database from patients with
paroxysmal AF with 167 records from 152 patients, acquired from an outpatient cardialogy clinic from 2006 to 2017 in Belgum. AF episodes were manually annctated and Views © 1,618 1,386
raviewed by an expert cardiologist and a specialist cardiac nurse. Racords last from 19 hours up to 95 haurs, divided inta 24-hour files. In total, it represents 24 milion
seconds of annotated Holter monitoring, sampled at 200 Hz, This datase! aims at expanding the available options for researchers and offers a valuable resource for advancing Downloads @ 1,531 1,353
ML and DL use in the field of cardiac arrhythmia diagnosis.

Data volume @ 46TH 447B
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AF detection using Machine Learning

ECG © ., WW

Cardiologist £ H

ECG (mV)

Annotation

annotations

NSR

AF T 'Ir'r a1
Machine Learning 1 I ”

predictions ¢

NSR

t

dic
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AF detection

Model | AUROC AUPRC
Logistic Regression | 0.957 (0.943-0.971) 0.772 (0.726-0.818)
HRV + ML models Decision Tree 0.947 (0.937-0.957) 0.926 (0.911-0.942)
Temporal split Random Forest | 0.990 (0.984-0.997) 0.963 (0.937-0.989)
XGBoost 0.990 (0.983-0.996) 0.960 (0.936-0.984)
XGBoost Random Forest
Hospital AUROC AUPRC | AUROC AUPRC
HRV + ML models Dr Grégoire 0999 0998 | 099%  0.964
Spacial split CHU Ambroise Paré | 0.956  0.960 | 0953  0.958
CHL Luxembourg 0.976 0.844 0.974 0.865
CHU Brugmann 0983 0980 | 0980  0.979
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AF long-term
Holter ECG

Database

2 3

AF onset AF risk
forecast identification
during sinus

rhythm
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2

AF onset
forecast
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AF onset forecast
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State-of-the-art reproducibility

* Reproduction of 3 models and

reported values

train - AF - cv patient

+ train - AF

train - all - cv patient

train - all
all - all - cv patient
all - all

¢

methodologies from literature 10

 MIT-BIH AF Pred. DB (2001) -

* 200 recordings

» 53 pre-AF recordings g“"
* HRV + ML models
* Conclusion

* Unreproducible results

« Unanswered methodology questions "0

14/03/2025
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State-of-the-art reproducibility

* Reproduction of 3 models and
methodologies from literature

e Conclusion

* Unreproducible results
* Unanswered methodology questions

14/03/2025

Reported Reproduced
Authors Sensitivity Specificity | Sensitivity Specificity
Mohebbi et al. (2012) | 96.30% 93.10% 59.28% 36.56%
Boon et al. (2018) 86.8% 88.7% 61.33% 64.39%
Narin et al. (2018) 92.0% 88.0% 65.12% 65.21%
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State-of-the-art databases

Database name Year | Patients Recordings Duration Sample Rate Leads | AF episodes
MIT-BIH AFDB (Moody et al. 1983) 1983 25 25 30 min 250 Hz 2 11
AFPDB (Moody et al. 2001a) 2001 100 200 30 min 128 Hz 2 53
LTAFDB (Petrutiu et al. 2007) 2007 84 84 24 h 128 Hz 2 2
IRIDIA-AF v1 2023 152 167 24-96 h 200 Hz 2 261
IRIDIA-AF v2 2023 | 928 988 24-96 h 200 Hz 2 964

Selection criteria:
1. > 30 min NSR
2.>5min AF
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ECG evolution
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Prediction evolution before AF onset

Distance AF onset
0 second —= >
<>
5 minutes
2 hours
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Prediction evolution before AF onset

e For each distance
e 10x 10-fold

« HRV features 7
e Random forest model 070
« AUROC 2 o]
* 0.562 (95% CI1 0.539-0.586) o
l
* 0.714 (95% CI1 0.692-0.735) e i 3 B ;

Distance (minutes)
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Model comparison for AF onset forecast

AF
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Model comparison for AF onset forecast

Input Model Prediction
M
ECG
R Features R p o Z 58 >
ECGMV e IETR R §
ML —
RR intervals e—
|| Features R i gl S >
HRV ~.l |~ TETMETN R |
ML —
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Random Forest vs XGB

Combined classificer

Original data set, D, Update weights, D, Update weights, D,
o + - + e +
- e 9 - &
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+ + +
Trained classifier Trained classifier Trained classifier
i, e | &f -
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= + L+ v
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CNN
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CNN-RNN
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ResNet
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Model comparison for AF onset forecast

ECG - CNN
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HRV
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Metrics

Table A.4: Metrics for the XGB model using HRV features computed from the
30-minute window. Evaluation is at episode level.

Threshold | Accuracy Sensitivity Specificity PPV NPV Fl-score

0.1 0.518 1.000 0.000 0518 nan 0.682
0.2 0.531 0.987 0.043 0.525 0.750 0.685
0.3 0.568 0.933 0.175 0.548 0.710 0.691
0.4 0.606 0.846 0349 0.582 0.678 0.690
0.5 0.608 0.706 0.504 0.604 0.615 0.651
0.6 0.587 0.466 0.716 0.638 0.555 0.538
0.7 0.524 0.167 0.907 0.658 0.504 0.266
0.8 0.486 0.016 0992 0.667 0.484 0.030
0.9 0.482 0.000 1.000 nan 0.482 nan
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Features correlation
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Features selected

14/03/2025

Input Model Inputsize Features AUROC AUPRC
RF 30 min all 0.640 (0.608-0.671) 0.631 (0.599-0.662)

HRV RF 30 min selected | 0.627 (0.595-0.659) 0.615 (0.579-0.652)
XGB 30 min all 0.643 (0.609-0.677) 0.634 (0.594-0.674)
XGB 30 min selected | 0.617 (0.589-0.645) 0.610 (0.575-0.646)
RF 30 min all 0.627 (0.591-0.663) 0.600 (0.565-0.635)

ECGMV RF 30 min selected | 0.616 (0.576-0.656) 0.603 (0.559-0.646)
XGB 30 min all 0.625 (0.591-0.659) 0.603 (0.562-0.643)
XGB 30 min selected | 0.621 (0.584-0.659) 0.606 (0.565-0.647)
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e
Features importance: HRV
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Features importance: ECGMV

Percentage ectopic beats Percentage ectopic beats
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Summary

* 0.70 AUROC

+ 5 minutes before AF e s
« ML model

CG

* HRV parameters ; a m
* Features importance -

* Short-term variability U e e e
 AF to NSR conversion o “

° Weal‘ables and CIED %Pre-AF

° Pll.l |n the pOCket NSR 0 1 2 3 4 5 6 7 8 9 10 Tlirl‘ne%r%oui:) 14 15 16 17 18 19 20 21 22 23 24
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AF long-term
Holter ECG

Database

2 3

AF onset AF risk
forecast identification
during sinus

rhythm
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3

AF risk
identification
during sinus

rhythm
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AF risk identification

2 hours 22 hours

<& » &
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Selected window (1 hour)
ECG from
patient with AF

24 hours

v

&
<

Selected window (1 hour)
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healthy patient

] Normal sinus rhythm Bl Presence of atrial fibrillation episode(s)
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Age and sex comparison
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Model comparison

RR intervals
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ML i I
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Model comparison Higher = better
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Age-group comparison

* 4 groups

* <60

* 60-70 =0

 70-80

* >80 60-70
* Best results -

* >80 70-80

* Prevalence 20%
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e
Features importance

* Short-term variability
* PAS
*RMSSD | |
« SODP Q1

* Long-term variability foovra || —
e SD1/SD2

e ANS o | |
+ LF/HF

Feature rank
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Features importance

NSR AF

russo. [ High
soor o1 R P S —
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mean(|SHAP value|) (average impact on model output magnitude)

Feature value

2 4 o 1 o2 3 "
SHAP value (impact on model output)

» High RMSSD -> more variability > AF

* High PAS - more variability > AF

* More SODP Q1 - more DC-DC (linked to PAS) - NSR
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Summary

* High performance

* Features importances
* Short-term variability

* 0.919 AUROC

* Opportunities

14/03/2025

* AF screening optimisation
* Lifestyle changes

Recommendations for screening to detect AF

Recommendation Class® Level®

Opportunistic screening for AF by pulse taking
or ECG rhythm strip is recommended in
patients >65 years of age AR

It is recommended to interrogate pacemakers

and implantable cardioverter defibrillators on a

regular basis for AHRE.“*2*%%¢

When screening for AF it is recommended

thatzn.na

@ The individuals undergoing screening are
informed about the significance and treatment
implications of detecting AF.

e A structured referral platform is organized for
screen-positive cases for further physician-led
clinical evaluation to confirm the diagnosis of
AF and provide optimal management of
patients with confirmed AF.

e Definite diagnosis of AF in screen-positive
cases is established only after physician
reviews the single-lead ECG recording of
>30 s or 12-lead ECG and confirms that it
shows AF.

Systematic ECG screening should be considered

to detect AF in individuals aged >75 years, or

those at high risk of stroke #2227

AF = atrial fibrillation;, AHRE = atrial high-rate episode; ECG =
electrocardiogram.

“°Class of recommendation.

“Level of evidence.

“See sections 3.2 and 3.3 for diagnostic criteria for AF and AHRE, and section 16
for the management of patients with AHRE.
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AF long-term
Holter ECG

Database

2 3

AF onset AF risk
forecast identification
during sinus

rhythm

INFO-H512 - Cédric GILON



14/03/2025

INFO-H512 - Cédric GILON

99



Research summary

* New database for AF onset forecast and AF risk identification
« IRIDIA-AF v1 (published)
 |RIDIA-AF v2

* AF onset forecast
* 0.70 AUROC
* 5 minutes before AF
« HRV + ML
* Short-term variability features

* AF risk identification during sinus rhythm
* 0.90 AUROC
* HRV + ML
* Short-term variability features
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The thesis

Machine learning models can forecast an incoming paroxysmal atrial
fibrillation episode moments before its onset. They demonstrate
increasing performance as the prediction gets closer to the event.

Moreover, in the comparative analysis of sinus rhythm recordings from
patients with and without paroxysmal atrial fibrillation, machine

learning models can identify a specific signature of paroxysmal atrial
fibrillation within the sinus rhythm.
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e
Challenges and perspectives

* Data accessibility
* Data annotations on a larger scale

e Scalability and generalisation to new patients or new centres
* Prospective study

* Class balancing vs imbalance
* 50% vs 10% (65+)
* Towards clinical usability
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Conclusions

Prediction score

Therapeutic strategies

Human Machine Learning

AF detection 100% 99%
AF onset forecast 0% 70%
AF risk identification 75% 90%

Treatment (anticoagulant)

Wearables and PITP
Forecasting algorithm in CIED

Screening optimisation
Lifestyle changes
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