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Editorial on the Research Topic  

Artificial intelligence for arrhythmia detection and prediction

The convergence of artificial intelligence (AI) and cardiovascular medicine has reached a 

critical juncture, offering unprecedented opportunities that can revolutionize arrhythmia 

care. This Research Topic presents ten pioneering articles that span from advanced 

detection algorithms to emerging prediction models, charting a clear trajectory toward 

truly predictive, personalized applications in cardiac arrhythmias.

1 Advanced detection technologies: achieving 
clinical excellence

He et al. introduce CardioAttentionNet (CANet), a portable deep learning (DL) 

model combining advanced architectures to classify five arrhythmia types with 

accuracies around: 97.37% ± 0.30% (normal), 98.09% ± 0.25% (supraventricular 

tachycardia), 92.92% ± 0.09% (ventricular tachycardia), 99.07% ± 0.13% (atrial 

fibrillation, AF), and 99.68% ± 0.06% (unclassified arrhythmias). AUCs exceed 99%, 

with 94.41% average accuracy on external data and 56.7 ms inference per 

electrocardiogram (ECG), demonstrating real-time feasibility. Complementing this, 

ECG-XPLAIM delivers a novel, explainable, inception-style model with multi-scale 

kernels (4, 20, 80 ms). Internal validation on MIMIC-IV and external on PTB-XL 

achieved AUCs of 0.88–0.99 and overall sensitivities/specificities >0.9. Grad-CAM 

visualizations offer insights into the model’s predictions, bridging the gap between AI 

performance and clinical interpretability (Pantelidis et al.).

Summarizing relevant data, Yin et al.’s meta-analysis of heart rate variability (HRV)- 

based AF detection demonstrates a pooled sensitivity of 94% and specificity of 97%, with 

DL outperforming traditional machine learning, supporting AI readiness across diverse 

cohorts. Similarly, Papalamprakopoulou et al. review AI-enabled smartwatch AF 

detection, illustrating how continuous, noninvasive monitoring by wearable devices 

enhances preventive cardiology, while underscoring challenges in reducing false 

positives and integrating vast data streams into clinical workFows.
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2 Emerging prediction capabilities: 
from risk assessment to personalized 
forecasting

Beyond accurate detection, contemporary AI is pivoting 

toward the more ambitious objective of forecasting arrhythmias 

and quantifying individualized risk. Zhang et al. propose a 

nomogram for sustained ventricular tachycardia in 

arrhythmogenic cardiomyopathy integrating age, sex, syncope, 

heart failure, echocardiographic parameters, and ECG findings. 

AUCs of 0.867 (training) and 0.815 (validation) mark significant 

strides in personalized risk stratification. Ingelaere et al. assess 

AI-enabled QRS fragmentation detection from 12-lead ECGs in 

1,242 patients with implantable cardioverter-defibrillator (ICD) 

using support vector machines and features from phase-rectified 

signal averaging and variational mode decomposition. Despite a 

sensitivity of 0.76 and specificity of 0.92 for fragmentation, no 

significant link to ICD therapy or mortality was found, revealing 

limitations when translating traditional ECG markers into AI- 

based risk predictors. Liang et al.’s neural network for exercise 

stress ECG achieved AUC 0.83, sensitivity 0.89, and specificity 0. 

60 for significant coronary artery disease (CAD) detection, 

processing ECG segments, and clinical features. Results are 

delivered within one minute post-test, spotlighting the potential 

to streamline diagnostic workFows.

3 More clinical, molecular and 
multimodal applications

Antoun et al. provide a comprehensive scoping review of AI in 

AF across the full care continuum, emphasizing its value for 

identifying asymptomatic AF, tailoring therapy, and 

confronting key implementation barriers such as transparency, 

data integration, and regulatory alignment. Banerjee discusses 

mobile health AI technologies, detailing smartphone-based 

ECG and photoplethysmography (PPG) systems that 

democratize long-term rhythm monitoring, especially in 

underserved regions, and emphasizing accessibility alongside 

diagnostic accuracy. From a molecular viewpoint, Teng and 

Deng explore shared biology between AF and chronic kidney 

disease, identifying co-expressed genes (PPBP, CXCL1, 

RSAD2) and transcription factors (FOXC1, FOXL1, GATA2); 

this bioinformatics pipeline illustrates how AI can reveal 

mechanistic targets and candidate biomarkers, advancing 

precision therapeutics and risk stratification at the genotype- 

phenotype interface.

4 Current landscape and future 
directions

AI-driven detection systems for arrhythmias can now rival 

expert cardiologists. CANet and ECG-XPLAIM report 

sensitivities and specificities above 94%, and short inference times 

per ECG segment, enabling real-time deployment on portable 

and wearable devices. A meta-analysis of DL, HRV-based AF 

detection confirms the impressive performance across diverse 

cohorts. These advances support population-level screening via 

smart devices, lowering barriers to early AF identification (1).

By contrast, AI-based prediction models remain an emerging 

frontier. Current algorithms for ventricular tachycardia risk and 

post-exercise CAD detection achieve AUCs of 0.81–0.87. These 

models integrate clinical and lab test parameters, yet seem to lack 

robust external validation. Similarly, AI-detected QRS fragmentation 

shows reasonable detection accuracy, but no correlation with ICD 

therapy or mortality, highlighting the challenge of converting 

traditional ECG markers into prognostic tools. To achieve clinical 

maturity, prediction models could be enhanced by integrating 

multimodal data across large, diverse cohorts with longitudinal 

follow-up (2). Additionally, novel network architectures further 

drive advances in cardiac AI: Self-attention, applied to sequential 

ECG data, can capture long-range temporal dependencies and 

spotlight clinically salient signal segments. Even the more 

traditional, inception-style designs seem to work exceptionally well, 

enabling multiscale feature extraction and enhancing detection 

robustness. Depthwise separable convolutions and MobileNet- 

inspired modules ensure computational efficiency on constrained 

hardware (Pantelidis et al., Banerjee, Teng and Deng, 3).

However, critical hurdles remain. Explainability is essential for 

clinician trust and regulatory approval; Grad-CAM visualizations 

are increasingly integrated to reveal model decision pathways. 

Data heterogeneity, concerning varying ECG hardware, sampling 

rates, and annotation standards, limits generalizability and 

demands rigorous standardization. Interoperability across 

electronic health records and wearable platforms requires 

harmonized data formats. Moreover, evolving regulatory 

frameworks for AI as a medical device necessitate transparent 

validation, real-world performance monitoring, and post-market 

surveillance to detect algorithmic drift and bias (3–5).

The next frontier lies in multimodal integration: combining 

continuous ECG, imaging, genomic, and environmental data for 

comprehensive risk modeling. Agentic AI could autonomously 

adjust monitoring and therapeutic recommendations in real time, 

optimizing care pathways. Transformer-based architectures tailored 

to multidimensional cardiac data may predict imminent arrhythmic 

events by detecting subtle premonitory signal shifts. Digital twin 

frameworks, enabling virtual patient models continuously updated 

with live data, could simulate arrhythmic risk under different 

interventions, enhancing personalized preventive strategies (6). 

Realizing predictive, personalized arrhythmia care will require 

sustained multidisciplinary collaboration among cardiologists, data 

scientists, bioengineers, and ethicists. By addressing explainability, 

data integration, and equitable access, AI-enabled prediction can 

transition from research prototypes to life-saving clinical tools, 

heralding a new era of proactive cardiovascular medicine.

Author contributions

PP: Conceptualization, Formal analysis, Methodology, 

Writing – original draft. AA: Methodology, Supervision, 

Pantelidis et al.                                                                                                                                                        10.3389/fcvm.2025.1727758 

Frontiers in Cardiovascular Medicine 02 frontiersin.org

https://doi.org/10.3389/fcvm.2024.1477931
https://doi.org/10.3389/fcvm.2024.1464303
https://doi.org/10.3389/frai.2025.1496109
https://doi.org/10.3389/fcvm.2025.1596574
https://doi.org/10.3389/fcvm.2025.1548554
https://doi.org/10.3389/fcvm.2025.1521722
https://doi.org/10.3389/fcvm.2025.1521722
https://doi.org/10.3389/fcvm.2025.1659971
https://doi.org/10.3389/fcvm.2025.1548554
https://doi.org/10.3389/fcvm.2025.1521722


Writing – review & editing. PK: Methodology, 

Supervision, Writing – review & editing. EO: Methodology, 

Supervision, Writing – review & editing.

Conflict of interest

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential conFict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

References

1. Perone F, Bernardi M, Redheuil A, Mafrica D, Conte E, Spadafora L, et al. Role of 
cardiovascular imaging in risk assessment: recent advances, gaps in evidence, and 
future directions. J Clin Med. (2023) 12:5563. doi: 10.3390/jcm12175563

2. Escaned J, Berry C, De Bruyne B, Shabbir A, Collet C, Lee JM, et al. Applied 
coronary physiology for planning and guidance of percutaneous coronary 
interventions. A clinical consensus statement from the European Association of 
Percutaneous Cardiovascular Interventions (EAPCI) of the European Society of 
Cardiology. EuroIntervention. (2023) 19:464–81. doi: 10.4244/EIJ-D-23-00194

3. Khera R, Oikonomou EK, Nadkarni GN, Morley JR, Wiens J, Butte AJ, et al. 
Transforming cardiovascular care with artificial intelligence: from discovery to 
practice. J Am Coll Cardiol. (2024) 84:97–114. doi: 10.1016/j.jacc.2024.05.003

4. Pantelidis P, Dilaveris P, Ruipérez-Campillo S, Goliopoulou A, Giannakodimos 
A, Theofilis P, et al. Hearts, data, and artificial intelligence wizardry: from imitation to 
innovation in cardiovascular care. Biomedicines. (2025) 13:1019. doi: 10.3390/ 
biomedicines13051019

5. Vandenberk B, Chew DS, Prasana D, Gupta S, Exner DV. Successes and 
challenges of artificial intelligence in cardiology. Front Digit Health. (2023) 
5:1201392. doi: 10.3389/fdgth.2023.1201392

6. Pantelidis P, Oikonomou E, Gialamas I, Goliopoulou A, Sarantos S, 
Zakynthinos GE, et al. Decoding the heart: how artificial intelligence is 
transforming cardiology. J Med Artif Intell. (2025) 8:9–9. doi: 10.21037/jmai-24- 
139

Pantelidis et al.                                                                                                                                                        10.3389/fcvm.2025.1727758 

Frontiers in Cardiovascular Medicine 03 frontiersin.org

https://doi.org/10.3390/jcm12175563
https://doi.org/10.4244/EIJ-D-23-00194
https://doi.org/10.1016/j.jacc.2024.05.003
https://doi.org/10.3390/biomedicines13051019
https://doi.org/10.3390/biomedicines13051019
https://doi.org/10.3389/fdgth.2023.1201392
https://doi.org/10.21037/jmai-24-139
https://doi.org/10.21037/jmai-24-139

	Editorial: Artificial intelligence for arrhythmia detection and prediction
	Advanced detection technologies: achieving clinical excellence
	Emerging prediction capabilities: from risk assessment to personalized forecasting
	More clinical, molecular and multimodal applications
	Current landscape and future directions
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


