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Human heart
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Heartbeat
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Electrocardiogram (ECG)
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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
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Cardiovascular diseases in Belgium
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Atrial Fibrillation (AF)
• Cardiovascular disease
• 2% of the world population

• 8% (>55)
• 20% (>80)

• Risk
• 5x stroke
• 2x death

• Belgium
• 10 000 strokes / year
• 150 000 AF
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Global prevalence of AF
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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

14/03/2025

Mean ageGlobal AF prevalence



INFO-H512 - Cédric GILON 18

Projection of AF prevalence increase

14/03/2025

2020 ESC Guidelines for the diagnosis and management of atrial fibrillation
(European Heart Journal 2020-doi/10.1093/eurheart/ehaa612)
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AF evolution
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AF screening
• Holter monitor
• 24-hour recordings
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Systems for AF screening
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Systems for AF screening
• Compagnies

• Apple Watch
• KardiaMobile
• Fibricheck
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AF detection in ECG
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AF onset forecast
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AF onset
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AF risk identification
Find AF signature during Normal Sinus Rhyhtm
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Machine Learning (ML)
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Machine Learning (ML) paradigm
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Machine Learning vs Deep Learning
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Features from ECG Morphology
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• Waves
• Duration
• Amplitude
• Area

• Intervals
• Segments
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ECG delienation
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Premature Atrial Contractions (PAC)

14/03/2025 INFO-H512 - Cédric GILON 33

https://ekgstripsearch.com/PAC.htm
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Features from HRV
• RR intervals
• Temporal

• Value: mean, min, max
• Deviation: sd
• Difference: pNN50

14/03/2025

RRi RRi+2RRi+1



INFO-H512 - Cédric GILON 35

Features from HRV
• RR intervals
• Temporal

• Value: mean, min, max
• Deviation: sd
• Difference: pNN50
• RR distribution
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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

14/03/2025



INFO-H512 - Cédric GILON 38

Features from HRV
• RR intervals
• Temporal
• Frequential

• Low frequency
• High frequency

• Geometric
• Poincare
• SODP
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Autonomous nervous system
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Poincaré plot
• RR intervals = (1015,1030,1030,1030,1060 ... 1085,1100,1095,1080)
• X = RRi

• Y = RRi+1

14/03/2025

Normal Sinus Rhythm Atrial Fibrillation
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SODP plot
• RR intervals = (1015,1030,1030,1030,1060 ... 1085,1100,1095,1080)
• X = RRi+1 - RRi

• Y = RRi+2 – RRi+1
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Normal Sinus Rhythm Atrial Fibrillation
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Machine Learning vs Deep Learning
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Confusion matrix
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• Binary classification
• AF vs NSR
• pre-AF vs NSR
• Low risk vs high risk

• Prediction score 0 à 1
• score > 0.5 à AF
• score ≤ 0.5 à NSR
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Confusion matrix
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• Binary classification

• Accuracy: !"#!$
!"#!$#%"#%$

• Sensitivity: !"
!"#%$

• Specificity: !$
!$#%"
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Area under the curve
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Area under the curve
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Train split and test split
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Temporal cross-validation Spacial cross-validation
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Holter monitoring
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Select all squares with

Atrial Fibrillation
Click verify once there are none left.

Verify
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Recording with annotations
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Cardiologist annotation
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Normal sinus rhythm Atrial fibrillation

Atrial fibrillation onset
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Annotation proces
Realign annotations and time series
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Cardiologist annotation Converted annotation

Time (h:m:s) à sample (200 Hz)

Mannually corrected
annotation



INFO-H512 - Cédric GILON 58

Recording cleaning
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4 centres
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Dr Grégoire (Brussels)

CHU Ambroise Paré (Mons) CHL (Luxembourg)

CHU Brugmann (Brussels)
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Database structure
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Database structure
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Comparison with existing databases
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IRIDIA-AF v1
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AF detection using Machine Learning
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ECG
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Machine Learning
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AF detection
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HRV + ML models
Temporal split

HRV + ML models
Spacial split
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AF onset forecast

14/03/2025



INFO-H512 - Cédric GILON 69

State-of-the-art reproducibility
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• Reproduction of 3 models and 
methodologies from literature
• MIT-BIH AF Pred. DB (2001)

• 200 recordings
• 53 pre-AF recordings

• HRV + ML models
• Conclusion

• Unreproducible results
• Unanswered methodology questions
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State-of-the-art reproducibility
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• Reproduction of 3 models and 
methodologies from literature
• Conclusion

• Unreproducible results
• Unanswered methodology questions
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State-of-the-art databases
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Selection criteria: 
1. > 30 min NSR 
2. > 5 min AF
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ECG evolution
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Prediction evolution before AF onset
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Prediction evolution before AF onset
• For each distance 

• 10x 10-fold
• HRV features
• Random forest model

• AUROC 
• 0.562 (95% CI 0.539–0.586)

• 0.714 (95% CI 0.692–0.735)

14/03/2025
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Model comparison for AF onset forecast
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Model comparison for AF onset forecast
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Random Forest vs XGB
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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
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Metrics
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Features correlation
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HRV ECGMV
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Features selected
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Features importance: HRV
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Random forest XGBoost
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Features importance: ECGMV
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Random forest XGBoost
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Summary
• 0.70 AUROC

• 5 minutes before AF
• ML model
• HRV parameters

• Features importance
• Short-term variability

• AF to NSR conversion
• Wearables and CIED
• Pill in the pocket

14/03/2025
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AF risk identification
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ECG from 
patient with AF

22 hours2 hours

Selected window (1 hour)

ECG from 
healthy patient

Selected window (1 hour)

24 hours

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

RR intervals

HRV

Higher = better
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Age-group comparison
• 4 groups

• < 60
• 60-70
• 70-80
• > 80

• Best results
• > 80
• Prevalence 20%
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Features importance
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• Short-term variability
• PAS
• RMSSD
• SODP Q1

• Long-term variability
• SD1/SD2

• ANS
• LF/HF
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Features importance
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• High RMSSD à more variability à AF
• High PAS à more variability à AF
• More SODP Q1 à more DC-DC (linked to PAS) à NSR
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Summary
• High performance

• 0.919 AUROC

• Features importances
• Short-term variability

• Opportunities
• AF screening optimisation
• Lifestyle changes

14/03/2025
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Research summary
• New database for AF onset forecast and AF risk identification

• IRIDIA-AF v1 (published)
• IRIDIA-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

14/03/2025
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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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Challenges and perspectives
• Data accessibility
• Data annotations on a larger scale
• 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

Task Prediction score Therapeutic strategies
Human Machine Learning

AF detection 100% 99% Treatment (anticoagulant)

AF onset forecast 0% 70% Wearables and PITP
Forecasting algorithm in CIED

AF risk identification 75% 90% Screening optimisation
Lifestyle changes
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