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Significance of atrial fibrillation     

• Atrial fibrillation (AF) is an important arrhythmia of many reasons.

• AF is the most commonly observed clinical arrhythmia. 

• The lifetime risk for AF 1 in 3 individuals, and this prevalence is expected to increase 
significantly in the next decades because of the aging of the population.

• In addition, it is more important that the patients with AF was associated higher 
morbidity and mortality compared to those without AF. The risk of stroke by an 
average of 5-fold. 

Benjamin EJ et al. Circulation. 2019;139(10):e56-e528.



Treatment of AF

• Catheter ablation is a well-established rhythm control strategy, which is currently 
recommended for symptomatic patients with drug-refractory paroxysmal and 
persistent AF.

• However, despite the ablation is effective, there are still approximately 50% of patient 
who have AF recurrences 2 years after the procedure. 

• Therefore, follow-up monitoring, the continuous use and duration of antiarrhythmic 
drugs, and post-recurrence treatment are key issues in follow-up after AF catheter 
ablation. 

• Even after the procedure, the burden of AF on patients, societal health, and the 
health care economy continues significantly. 

Morillo CA et al. JAMA. 2014;311(7):692-9



Predictor of recurrence of AF using ECG pameters

• Most AF recurrences are related to pulmonary vein (PV) re-conduction, to extra-PV foci, 
or to pre-existing atrial fibrosis leading to intra- and/or inter-atrial conduction delays 
(atrial remodelling). 

• Atrial remodeling is both electrical and structural; it causes slow electrical conduction 
and enlargement of the atria. → Changes in the morphology of the P wave in ECG!

• Predictors to discriminate who will benefit from ablation and who will be needed more 
intensive antiarrhythmic drug therapy after ablation are beneficial to save money, time 
and effort. 

• Using ECG parameters as a predictor is very useful, as it is low-cost, feasible and can 
yield a lot of information



Artificial intelligence 

• We hypothesized that by using machine learning in the form of deep neural networks, 
we could predict the recurrence of AF after catheter ablation by analyzing subtle 
patterns related to recurrence in the standard 12-lead ECG.



Current studies..

Attia, Z. I et al. The Lancet, 2019; 394(10201), 861-867.



Current studies..

Huang D et al. European Heart Journal. 2020;41(Supplement_2):ehaa946. 0560.

Park J et al. EP Europace. 2021;23(Supplement_3):euab116. 228.



Objectives

• By using artificial intelligence (AI), we sought to evaluate the prediction of 1-year 
recurrence of AF using ECG during sinus rhythm immediate after the procedure. 





• Using the data from the ASAN-AF ablation registry, we identified patients with AF who 
successfully treated with ablation either radiofrequency catheter ablation or cryoballoon
ablation between Jan 01, 2010, and May 2022. 

• Among the patients in the registry, we included patients with sinus rhythm, standard 
10-second, 12 lead ECG acquired in the supine position at 1 to 3 days after index 
procedure. → Asan medical Center Muse System ( GE Healthcare, USA), for training, all 
sinus rhythm ECGs during 1 to 3 days after the procedure was used.

• Minimal exclusion criteria: 

• Patients without sinus rhythm immediate after ablation.

• Documented paced rhythm on ECG during periprocedural period was excluded.  



• Two groups: those who recurred atrial fibrillation after index procedure, and those who 
maintained sinus rhythm without recurrence. 

• ECG in our hospital are initially read by the GE Marquette ECG system. 

• To enhance the accuracy of the labeling, independent group of clinicians confirmed the 
classification by reviewing medical records and ECG data, including Holter test. 

• The recurrence was defined as the occurrence of atrial tachyarrhythmia including AF, 
atrial flutter, or atrial tachycardia longer than 30 seconds within 1 year after the 
procedure, excluding a blanking period of 3 months.



• Resnet architecture and convolution neural network (CNN) and 
Phyton 3.7 on Keras library with tensorflow

• The model consisted of 5 blocks with convolution and max 
pooling layers, followed by residual blocks. 

• Each residual block included batch normalization for data 
normalization, “Leaky ReLU” activation for capturing complex 
features, and convolution layers.

• The number of filters and kernel size varied across blocks to 
extract diverse ECG features. 

• The model's output was generated through a fully-connected layer 
with softmax activation, providing the probability of recurrent atrial 
fibrillation.



• Activation function that multiplies the input by weights and transforms it into a non-linear value 
to facilitate non-linear learning during the training of ECG data in the model.

Activation function Loss function Batch size Learning rate Epoch

Leaky ReLU Cross-Entropy 16 0.0005 120



• Primary outcome: ability of the AI-enhanced ECG to predict 1-year recurrence of AF 
after catheter ablation.

• The performance was mathematically assessed by the area under the curve (AUC) of 
the receiver operating characteristic (ROC) curve, as well as the sensitivity, specificity, 
accuracy, and F1 score of the model.
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• Total 1,838 patients with normal sinus 
rhythm ECGs for analysis.

• 1,499 patients in the training dataset, 339 
patients in the testing dataset. 

→In the training set, all ECGs (total 3,583 
ECGs) during 1 to 3 days after the 
procedure

→In the testing set, first ECG after the 
procedure

• Among them, 431 patients (23.4%) was 
observed AF recurrence. 



Main analysis AUC Sensitivity Specificity F1 score Accuracy

0.808(0.754-0.861) 0.625(0.422-0.638) 0.839(0.812-0.861) 0.577(0.462-0.639) 0.79(0.787-0.85)



1. A key limitation in AI study is explainability. So-called black box. 

• Identifying the features of the recurrence of AF could be of importance because 
they might offer novel findings that could provide new therapeutic targets or allow 
for more certainty for clinicians who are otherwise trying to understand what 
drives the network’s interpretation. 

2. Despite of rigorous review of ECGs, there are still possibility of false negative labelling.

• Patients were considered negative for recurrence if they did not have any atrial 
tachyarrhythmia documented by transient finding of ECG, but it is likely that some 
patients in this negative group had undetected AF and were thus labelled 
incorrectly. 



The predictive value of recurrence of AF after catheter ablation using AI on 
sinus rhythm echocardiogram showed higher. AI may assist to identify the 
effect of the procedure using immediate post sinus rhythm echocardiogram. 




