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“Human intelligence can be 
so precisely described that 
a machine can be made to 

simulate it.”

1956 Dartmouth Summer Research 

Project on Artificial Intelligence





Artificial Intelligence in Cardiology and 
Cardiac Electrophysiology

As of August 2024, 

the FDA has 

authorized 950 

AI/ML enabled 

medical devices, 

98 are specifically 

designed for 

cardiology.

Google scholar:

“Artificial intelligence” – 7,090,000 results

“Aspirin’ – 1,580,000 results



Current care scenario

Doctor

Interprets test

Advises patient on diagnosis

Gives plan and treatment



Imagine this scenario
Diagnosis

Risk of heart disease

Risk of future heart attack

Probability of sudden death

Risk of heart failure

Metabolic parameters

Lifespan

Etc. etc.



Definitions

• Artificial intelligence (AI)

• Capability of a machine to imitate intelligent human behavior or perform 

tasks that typically require human intelligence

• Machine learning (ML)

• Subset of AI in which computers learn from experience without explicit 

programming

• Deep learning (DL)

• Subset of machine learning that uses artificial neural networks



Definitions

• Artificial neural networks (ANN)

• Generic architecture for a mathematical model to teach computers to 

learn, inspired by the human brain’s neural structure

• Convolutional neural networks (CNN)

• Type of deep learning algorithm optimized for processing grid-like data 

such as images by learning new features that distinguish them into 

different categories

• Algorithm

• Set of mathematical procedures used to learn patterns from data





Real world: 

Human expert interpretation

AI – Machine Learning: 

Superior pattern recognition



Machine Learning Workflow

Trayanova N et al. Circ Res 2021;128:544-566

DATA

COMPUTER ANALYSIS

PATTERNS PROCESSING

Unsupervised

Learning

Supervised

Learning

Reinforcement

Learning



Armoundas A et al.Circulation. 2024;149



AI is transforming cardiovascular care, without us 
knowing it



Overview of AI in Cardiac Electrophysiology

Circ Arrhythm Electrophysiol. 2020;13:e007952



AI capabilities in Electrocardiography

1. Arrhythmia detection/diagnosis

2. Prediction of potential arrhythmias in sinus rhythm

3. Detection of arrhythmogenic syndromes

4. Prediction of sudden cardiac death/risk

5. Detection of structural heart disease

6. Prediction of future cardiovascular disease

7. Detection of occult conditions

8. Detection of miscellaneous medical conditions



Arrhythmia detection using AI in ECG

Ribiero A et al. Nature Comm 2020; 11:1760

AI interpretation of ECG 

outperformed physicians



Arrhythmia detection using AI in ECG

Zhu H et al. Lancet Digital Health 2020; 2: e348–57 



Apple Heart Study Huawei Heart Study



Arrhythmia detection using AI in ECG

Elias P et al. J Am Coll Cardiol 2024;83:2472–2486



Prediction of paroxysmal AF in sinus rhythm

Elias P et al. J Am Coll Cardiol 2024;83:2472–2486



Diagnosis of arrhythmogenic syndromes
• AI has higher capability to detect channelopathies. The machine 

outperforms the human eye.

Liu C et al. Can J Cardiol. 2022 Feb;38(2):152-159.

Deep learning enabled ECG model for detecting Brugada Syndrome



Use of Artificial Intelligence and Deep Neural Networks in 
Evaluation of Patients With Electrocardiographically Concealed 
Long QT Syndrome From the Surface 12-Lead 
Electrocardiogram

Bos JM et al. JAMA Cardiol. 2021;6(5)

AI ECG capable of distinguishing patients with ECG concealed long QT syndrome 
from those without long QT syndrome



Prediction of structural heart disease from AI-
ECG

• 1. LV systolic dysfunction (low LVEF)

• 2. Cardiomyopathies

• 3. Aortic stenosis

• 4. Cardiac amyloidosis



Prediction of structural heart disease from AI-
ECG

Elias P et al. J Am Coll Cardiol 2024;83:2472–2486



Cohen-Shelly M et al. European Heart Journal 2020; 42: 2885–2896



Prediction of aortic stenosis from AI-ECG

Cohen-Shelly M et al. European Heart Journal 2020; 42: 2885–2896



Naser J et al. JACC Adv. 2024;101179

• 100,586 patients (median age 63 

years; 45.5% females)

• False Positive ECGs (FPs) had 

more echocardiographic 

abnormalities than True Negative 

(TN) but less than False Negative 

(FN) or True Positive (TP) 

patients. 

• An echocardiographic abnormality 

was present in 97% of FPs. 



Naser J et al. JACC Adv. 2024;101179

• Over median 2.7 years, FPs 

had increased mortality risk 

(age and sex-adjusted HR: 

1.64 [95% CI: 1.55-1.73]) vs 

TN. 

• Age and sex-adjusted 

mortality was higher in FP 

with abnormal 

echocardiography than FP 

with normal 

echocardiography.



AI in Ventricular Arrhythmias and Sudden Cardiac Death

Kabra et al. Cardiovascular Digital Health Journal 2022;3:263–275



AI Model 
for 
Prediction 
of Sudden 
Cardiac 
Death

Kabra et al. Cardiovascular Digital Health Journal 2022;3:263–275

EARLY 

TREATMENT AND 

PREVENTION



AI capabilities in Electrophysiology 
Procedures

Pre-procedural Planning for ablation

Risk stratification

Identification of sites of successful ablation

Prediction of response to ablation

Intra-procedural Extended reality head mount display during EP 

procedures

Incorporation of intracardiac signals in real time to 

identify rotor targets for ablation

Localization of PVC and VT origin

Post-procedural Prediction of response to ablation 



AI capabilities in Cardiac Implantable Electronic 
Devices (Pacemakers, ICDs, CRTs)

Pacemakers Detection of arrhythmias (AF, VT, etc)

Automatic programmability

Smart algorithms

ICDs Shock algorithms

Prediction of (impending) ICD shocks, electrical storm

Heart failure monitoring

CRTs Optimization algorithms

Prediction of CRT response



A DIGITAL REVOLUTION THAT 
WILL CHANGE THE LANDSCAPE 
OF CARDIOLOGY AND 
ELECTROPHYSIOLOGY

WE MUST EMBRACE THE 
PARADIGM SHIFT TOWARD AI

OPPORTUNITY FOR 
PERSONALIZED PRECISION 
MEDICINE



Future Outlook



Diagnosis

Risk of heart disease

Risk of future heart attack

Probability of sudden death

Risk of heart failure

Metabolic parameters

Lifespan

Etc. etc.



THANK YOU AND GOOD DAY.





Gaps and Challenges

Kabra et al. Cardiovascular Digital Health Journal 2022;3:263–275
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