Predicting the Percentage of Atrial Fibrillation using Sample Entropy
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Abstract- Atrial fibrillation is the most commonly confronted cardiac arrhythmia in humans. This paper is written to use sample entropy and percentage of atrial fibrillation as a measure of regularity to measure AF. To assume the percentage of AF, 25 long term ECG recordings of human subjects with atrial fibrillation containing a total of 299 AF episodes were processed. The mean and SD of percentage breaking point in all the subjects from the MIT-BIH Atrial Fibrillation database was 0.6057±0.0863, and its sample entropy is 0.3522±0.1509. The mean and SD for sample entropy at 100% AF is 1.0669±0.4521. This data is used to predict the percentage of AF at a given sample entropy value. Our study concludes that the early detection of AF can be initiated by the AF already happened for 60%.
I. Introduction

According to a study, atrial fibrillation is an irregular supraventricular tachyarrhythmia dealing with the degradation of the atrial system [1]. Atrial fibrillation (AF) is the most frequently happened arrhythmia. It affects about 5% of the adult population and around 10% of the population over 60 years of age [2-3]. It is the most commonly known cardiac cause of stroke [4].  Due to its relation with high risk for heart failure, stroke and sudden deaths, AF has a high influence on the longevity and quality of life of a number of people [5-6]. During atrial fibrillation, most symptoms are irregular ventricular rate, and associated risk of death is common in patients with history of atrial fibrillation [7-8]. 

Heart rate variability (HRV) analysis for the AF cases have been evaluated by previous studies. The shortened HRV was discovered in for the AF cases [9]. The study related to the increased HRV regularity for the AF cases has been evaluated [10]. The optimization for the sample entropy parameters related to the AF cases has been conducted by Alcaraz et al., [11]. This study has the purpose for the early detection of the AF by evaluating the corresponding heart rate regularity by utilizing the sample entropy to the AF percentage.

II. MATERIAL AND METHODOLOGY
A. Materials
ECG data for this study were obtained from MIT-BIH Atrial Fibrillation database to find the percentage of AF with sample entropy.  The database contains 25 long term ECG recordings of human subjects with AF containing a total of 299 AF episodes. The individual recordings are each 10 hours in duration, and contain two ECG signals each sampled at 250 samples per seconds with 12-bit resolution over a range of ±10 millivolts. We used signals from lead II ECG only for our research which is the signal with most R-R peaks facing upwards.

B. Methodology
In this study, we utilize the sample entropy, as the useful measurement regularity. The entropy calculation was initially by the approximate entropy by Pincus et. al., [12]. The modified approximate entropy, sample entropy, considering no self-matches, developed by Richman et. al., [13]. Initially, the data set is specified by using the MIT-BIH Atrial Fibrillation database. The annotation of the normal sinus rhythm followed by the AF is investigated. This specific phenomenon is trimmed to a condition of one minute before AF to a minute of full of the AF rhythm. By having this new reconstructed signal, the R-R interval is evaluated and sampled to 4 Hz. The calculation of the sample entropy is applied to evaluate the regularity of the heart rate. In this study, one minute sliding window is utilized for the sample entropy calculation. The breaking point from the normal sinus rhythm to the AF rhythm is evaluated by the rapid slope change. Figure 1 shows the detail flowchart of the study.
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Figure 1. The flowchart of the percentage of atrial fibrillation detection.
III. RESULTS
 This study evaluates the utilization of sample entropy for the whole normal sinus rhythm followed by the AF rhythm into a 2-minute segment. The results are evaluated based on the sample entropy of AF at breaking point and the sample entropy at 100% of AF, which can be seen by Fig. 2.
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Figure 2. A subject correlating the percentage atrial fibrillation and the corresponding sample entropy.
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Figure 3. The whole subjects percentage atrial fibrillation and the corresponding sample entropy
The whole case results can be seen by the figure 3. Each color represents each case. The evaluation produces the breaking point of the all subject is 0.6057±0.0863, and its sample entropy is 0.3522±0.1509 for the mean and the standard deviation. Furthermore, the 100% of atrial fibrillation signal will produce 1.0669±0.4521 of the sample entropy. 

.

IV. CONCLUSION
This study evaluates the database of MIT-BIH Atrial Fibrillation containing the 25 ECG signals with 299 episodes totally. The results can be concluded that the possibility of the early detection of the AF can be recognized while the AF already happened for at least 60%. 
The limitation of this study is by manually choosing the breaking point. For our future works, the decision to detect the breaking point should be developed by implementing either a simple or a complex algorithm.
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