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Identification of the Type and Location of Abnormal Wave Sources in the Heart
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Abstract Life-threatening cardiac arrhythmias result from the abnormal propagation of electrical excitation
waves of the heart. There are three main types of these abnormal waves: ectopic target wave (focal
activity) , spiral wave rotating around an obstacle or wave circulating repetitively along a special pathway
(anatomical reentry), and freely rotating spiral wave (functional reentry, rotor, driver). Atrial fibrillation
is the most common type of arrhythmias in humans, which can cause high mortality and significant
disability. Currently, one of the most effective therapies for treating atrial fibrillation is catheter ablation.
Since different types of abnormal waves in the atrium require correspondingly different ablation strategies,
finding their locations and judging their types is essential for the ablation therapy. This paper
systematically reviews several methods to identify the abnormal wave sources: phase-integral method,
convolution method, topological charge-density method, Jacobian-determinant method, and averaged flow
velocity method. Due to the low spatial resolution of electrode recordings of these waves in the inner wall of
the atrium, it is difficult to identify the type and location of the abnormal wave sources. At present, the
success rate of the atrial fibrillation ablation has not reached cardiologists’ expectations. Improving its
success rate involves two crucial scientific issues: how to clinically identify the source of the abnormal
waves, and then how to choose a proper ablation strategy. For these two issues, this paper puts forward
three recommendations: identifying the abnormal wave source in the virtual atrium, testing the ablation
strategy in the virtual atrium, and clinically detecting the global electrical signals for the inner wall of the
atrium. The above suggestions may provide ways for the digital precision diagnosis and treatment of the

atrial fibrillation in the future.

Keywords arrhythmias; atrial fibrillation; ectopic target wave (focal activity); spiral wave (reentry,

rotor, driver); catheter ablation; virtual heart
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