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( Atrial Fibrillation Waveform Extraction Algorithm for Holter Systems )
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Abstract

Atrial fibrillation is needed to be detected at paroxysmal stage and to be treated. But, paroxysmal atrial fibrillation ECG
is hardly obtained with 12-lead electrocardiographs but Holter systems. Presently, the averaged beat subtraction(ABS)
method is solely used to estimate atrial fibrillatory waves even with somewhat large residual error. As an alternative, in
this study, we suggested an ESAF(event-synchronous adaptive filter) based algorithm, in which the AF ECG was treated
as a primary input and event-synchronous impulse train(ESIT) as a reference. And, ESIT was generated so to be
synchronized with the ventricular activity by detecting QRS complex. We tested proposed algorithm with simulated AF
ECGs and real AF ECGs. As results, even with low computational cost, this ESAF based algorithm showed better
performance than the ABS method and comparable performance to algorithm based on PCA(principal component analysis)
or SVD(singular value decomposition). We also proposed an expanded version of ESAF for some AF ECGs with
multi-morphologic ventricular activities and this also showed reasonable performance. Ultimately, with Holter systems
including our proposed algorithm, atrial activity signal can be precisely estimated in real-time so that it will be possible to
calculate atrial fibrillatory rate and to evaluate the effect of anti-arrhythmic drugs.
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Table 1. Performance comparisons of AA estimation from
5 simulated AF ECGs between ABS and

suggested ESAF methods.

p NMSE
ESAF ABS
0.904 0.404
0.948 0.301
0943 0.398
0934 0.357
0.946 0.283

0.935(0.018)  0.349(0.055)

ABS
0.856
0911
0.891
0.900
0913
0.894(0.023)

ESAF
0.351
0.197
0.223
0.234
0.200

0.241(0.063)

S1
S2
S3
S4
S5

mean(std.)
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Performance comparisons of AA estimation from
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methods.

Table 2.

recordings

Al81345 0.969 0976 2977 2.143

A221734 0977 0.965 1.038 0578

A224135 0.953 0.954 2.150 1.749

A286063 0.998 0.998 1.824 1.100

A377091 1.000 0.999 1.149 0.930

mean(std)  0.979(0.020)  0.978(0.020)  1.828(0.792)  1.300(0.635)
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