
  

  

Abstract—The analysis of high-density activation maps of 

atrial fibrillation (AF) provides fundamental insights into the 

fibrillation wave propagation patterns and thus the 

mechanisms of AF. Current annotation of local activations in 

unipolar atrial electrograms and the construction of fibrillation 

waves require labor-intensive manual editing. To enhance the 

possibilities for spatiotemporal analysis of AF, we developed a 

rapid and fully automated procedure to accurately identify 

local, intrinsic atrial deflections and construct fibrillation 

waves based on these deflections. In this study, the automated 

procedure was validated using manually annotated 

electrograms and wave maps. We show that the novel 

procedure accurately detects intrinsic deflections 

(sensitivity=87%, positive predictive value=89%) and that 

reconstructed wave maps correlate well with manually edited 

wave maps in terms of number of waves (r=0.96), intra-wave 

conduction velocity (r=0.97), AF cycle length (r=0.97), and 

wave size (r=0.96) (p<0.01 in all cases). The automated 

procedure is therefore an adequate substitute for manual 

annotation. 

I. INTRODUCTION 

Atrial fibrillation (AF) is an arrhythmia where the 
electrical activity in the atria is irregular instead of well 
organized. Multiple wavelets wander throughout the atria, 
instead of a single coordinated wave.[1] High-density atrial 
contact mapping of AF provides the most direct information 
on the spatiotemporal complexity of AF. It allows one to 
describe the process of AF in its most elementary form, the 
separate fibrillation waves.[2] From these wave propagation 
patterns it is possible to quantify the complexity of AF, for 
example in terms of the number of waves, the wave size, the 
wave conduction velocity or the wave source (peripheral or 
transmural breakthrough). Complexity of the AF activation 
pattern is a strong determinant of responsiveness to AF 
therapy. Assessment of the AF activation pattern might 
therefore be used for decision-making in the management of 
AF patients.[3] Current analysis methods still involve labor-
intensive manual annotation of atrial deflections and waves, 
which limits the amount of fibrillation data that can be 
analyzed within a reasonable timeframe. Manual editing also 
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increases the risk of subjective editing, which can lead to 
lower inter-observer consistency. To overcome these 
limitations we developed a novel method that identifies atrial 
deflections and fibrillation waves in a rapid and fully 
automated way, based on estimated probabilistic properties of 
the recorded fibrillation process. The details of this automatic 
procedure are presented in this paper, as well as the results of 
a validation study. In the design of the new deflection 
detection and wave mapping method, we aimed to 
incorporate electrophysiological knowledge to be able to 
compute wave map solutions that both visually and 
intellectually reflect the way electrophysiologists would 
construct them. 

II. METHODS 

A. Data acquisition 

Unipolar atrial fibrillation electrograms were recorded in 

15 patients during cardiac surgery using a 16x16 square grid 

of electrodes with an inter-electrode distance of 1.5mm. 

Acute AF was induced in 8 patients who were in sinus 

rhythm, 7 patients were already in AF during surgery (either 

paroxysmal or persistent AF). Signals were acquired from 

the epicardium of the right atrial free wall (RA) (n=15) and 

the posterior left atrium (LA) (n=11) with a sampling 

frequency of 1kHz. Segments of 4 seconds of AF were 

manually annotated by three experienced 

electrophysiologists to determine local atrial deflections and 

to identify clusters of deflections that form separate 

fibrillation waves, following the algorithm described in [2].  

B. Electrogram pre-processing 

The first step in processing the atrial measurements is to 

eliminate electrograms that exhibit a bad signal-to-noise 

ratio. To enable a valid comparison between the new method 

and manually annotated signals, the same electrograms were 

eliminated in both methods. Signals were then filtered with a 

third order zero-phase Chebyshev 0.5Hz high-pass filter to 

remove any baseline drift. Ventricular far-field disturbances 

in the atrial signal were removed by ventricular R-wave 

detection in a synchronously recorded ventricular signal [4], 

followed by single-beat QRST-template cancellation based 

on the adaptive singular value decomposition cancellation 

method by Alcaraz et al. [5]. This method determines the 

morphology of the QRST complex as the most significant 

principal component of a set of QRST windows in a single 

lead. We adapted this method to compute the QRST 

complex for a single beat in all electrograms to account for 

beat-to-beat QRST complex variability. In atrial 
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