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Characterization of Premature Ventricular Contraction by K-Means Clustering Learning
Algorithm with Mean-Reverting Heart Rate Variability Analysis

AR PEE -0 FE AP

(Jeong-Hwan Kim - Dong-Jun Kim - Jeong-Whan Lee - Kyeong-Seop Kim)

Abstract - Mean-reverting analysis refers to a way of estimating the underlining tendency after new data has evoked the
variation in the equilibrium state. In this paper, we propose a new method to interpret the specular portraits of Premature
Ventricular Contraction(PVC) arrhythmia by applying K-means unsupervised learning algorithm on electrocardiogram(ECG) data.
Aiming at this purpose, we applied a mean-reverting model to analyse Heart Rate Variability(HRV) in terms of the modified
poincare plot by considering PVC rhythm as the component of disrupting the homeostasis state. Based on our experimental
tests on MIT-BIH ECG database, we can find the fact that the specular patterns portraited by K-means clustering on
mean-reverting HRV data can be more clearly visible and the Euclidean metric can be used to identify the discrepancy
between the normal sinus rhythm and PVC beats by the relative distance among cluster-centroids.

Key Words : K-means, Mean-Reverting, Prematrue Ventricular Contraction(PVC), Electrocardiogram(ECG), Heart Rate Variability
(HRV), Euclidean distance, Poincare plot, Normal Sinus Rhythm(NSR)
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Fig. 1 (a) HRV analysis (b) Mean-Reverting HRV analysis
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Table 1 Mean and standard deviation of HRV and Mean-
reverting HRV, respectively

mean standard deviation
HRV 0.9042 0.2341
mean-reverting HRV
-0.0673 0.3028

(n=1)
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Fig. 2 Results of K-means clustering on mean-reverting HRV analysis: (a)~(c) MIT-BIH: 106, (d)~(f) MIT-BIH: 103
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The average distance histogram of HRV on NSR
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Table 2 Validation from testing normal distribution for
analyzing the relative difference in K-means clusters

Kolmogorov-Smirnov test Shapiro-Wilk test
group”” value df* o) value  df=* D
1 0254 54  2x10° | 0448 54  6x107M
2 0.130 54 0.024 0.961 54 0.073
3 0.140 54 0.1 0.951 54 0.027
4 0.194 54 3x107 0822 54 1x1078
5 0.316 54 7x1071 0759 54  5x10°®
6 0.131 54 1x107 0.755 54  4x10°®

#: degree of freedom
=#: group 1 — HRV on MIT/BIH PVC dataset
group 2 — mean-reverting HRV(n=1) on MIT/BIH PVC
dataset
group 3 — mean-reverting HRV(n=2) on MIT/BIH PVC dataset
group 4 — HRV on MIT/BIH NSR dataset
group 5 — mean-reverting HRV(n=1) on MIT/BIH NSR dataset
group 6 — mean-reverting HRV(n=2) on MIT/BIH NSR dataset
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Table 3 Validation from Mann-Whitney test for analyzing
the statistical difference between HRV and mean-
reverting HRV analysis

group vs group p-value
group 1 vs 4 1.1242x1071
group 2 vs 5 3.8x107!
group 3 vs 6 9.5142x107°
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Table 4 Clusters-distance difference between HRV and mean-
reverting HRV

. . standard
clusters-distance difference mean o
deviation
PVC dataset 0.49 0.365
HRV S EEEEE—
NSR dataset 0.194 0.168
mean-reverting PVC dataset 0.779 0.231
HRV (n=1) NSR dataset 0.277 0.327
mean-reverting PVC dataset 0.695 0.196
HRV (n=2) NSR dataset 0.284 0.339

B 5 AuiHo|x=e} HEgld AHHo|: o] A5
Table 5 Validation from testing the statistical difference
between HRV and mean-reverting HRV measure

group vs group p-value
group 1 vs 2 3.502x1071
group 1 vs 3 5.506x107°
group 4 vs 5 0.261
group 4 vs 6 0.383
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