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Abstract. The dominant frequency (DF) of atrial electrogram was claimed by
researchers as to be correlated to the electrical activation of the atrial fibrillation
(AF). By assessing the DF of AF data of 5 patients with persistent AF, this paper
presented some AF signal analysis done to study the performance of the raw data,
which is the data without QRS-T subtraction, data with QRS-T subtraction and
rectification. The resultant data were mapped in 3-dimensional shapes of
respective patients left atrium (LA), showing the DF activity changes during 21 s
data recorded. The maps are useful for further analysis to justify which of the
mentioned signal processing step is more reliable and also to study the relation
between particular sites on the LA with the source (sites) of activation of AF.
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1 Introduction

Atrial fibrillation (AF) is a common arrhythmia which more often than not leads to
stroke [1, 2]. AF happens when the heart beats abnormally, in fast and irregular rhythm
in the atria [3]. There are three types of AF: paroxysmal, persistent and permanent
[4–6]. Paroxysmal AF only occurs once in a while, i.e. spontaneously terminated
within 7 days, while persistent AF is one that does not stop by itself, i.e. sustained more
than 7 days, but will stop if medication or cardioversion is given to help the heart return
to its normal rhythm [7]. The permanent AF is however present all the time and cannot
be fixed with either medication or cardioversion [7]. Hence, AF increases in criticality
from paroxysmal to persistent and finally the permanent type.

1.1 AF Treatment

There are three main methods for AF treatment today. The first one is medication. This
is simply done by giving antiarrhythmic drugs to the patient to regulate the heart
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activity into normal rhythm [7, 8]. The second treatment is through surgical procedure.
AF patients will be implanted with pacemaker or implantable defibrillator which
invasively helps the patient heart to regulate normally [1, 9]. The third main treatment
for AF is by non-surgical procedures. This type of treatment includes electrical car-
dioversion and the catheter-based radiofrequency (RF) ablation. Electrical cardiover-
sion is commonly done by applying a certain amount of electricity on the patient chest
by using a paddles or patches to help reset the electrical conduction of the heart [5].

In this research, we are interested on the catheter ablation procedure. Catheter
ablation has widely been used in the treatment procedure for paroxysmal or persistent
AF [4, 10, 11]. However, the ablation is considerably a random burnt of patient left
atrium (LA) tissue if it is done by delivering the RF energy throughout the cardiac
tissue of the left atrium (LA) wall with no accurately identifiable site of AF activation
source on the atrium wall as the specific ablation target. Furthermore, to minimize the
risk of infection or death to the patients, the sites for ablation should be determined
accurately within a short time [4, 12]. Hence, extended study on the signal of the atrial
electrogram data is requisite to help improve the current treatment procedure.

1.2 AF Activation Sites and Correlation with Dominant Frequency

Researchers believed that AF is maintained by sites with high frequency, thus known as
the activation source of AF [4, 13–16]. The main sites of activation include the left
atrium (LA) roof, LA septum, LA posterior wall as well as the pulmonary vein’s area
[16, 17]. Since AF activity consists of signal which is random and often chaotic, the
frequency domain analysis is preferable compare to the time domain analysis [4, 13,
15]. Dominant frequency (DF) is the commonly determined parameter in the frequency
domain analysis which defined as the frequency with highest magnitude or power
[4, 13, 18].

This paper will present the signal processing of the atrial electrogram to obtain the
3-dimensional mapping of the AF data using the raw data, data after QRS-T subtrac-
tion, and data after QRS-T subtraction being rectified. The study is significant to
evaluate the signal processing steps which might contribute to time reduction in
selecting the sites for ablation by understanding the correlation between the electrical
activation of AF and its dominant frequency estimation.

2 Methodology

Figure 1 shows the methodology flow chart for the research. We proposed the raw data
undergo QRS-T subtraction and rectification processing steps before the 3D DF
mapping.

2.1 Subjects and Data Collection

The research focused on data of a total of five patients with persistent AF. The raw data
were collected when the subjects underwent catheter ablation guided by contact
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mapping using Ensite, NavX 6.0, St. Jude Medical (Glenfield Hospital, University of
Leceister), performed in 20-s long continuous segments of each of the 2048
non-contact unipolar electrograms during AF.

The raw data collected for the research consist of wave (ECG) and virtual (atrial
electrogram) signal recorded for a total of 21 s (7 s per recoding). The subjects’ data
files were named as a1, a2, a3, a4 and a5 respectively.

2.2 QRS-T Subtraction

The QRS-T components are signals caused by the ventricular activity of the heart
which range between 10–30 Hz [19–22]. Hence, it is somehow irrelevant in this study
of AF which mainly occurred in the left atrium. Meanwhile, studies show that AF range
between 5–12 Hz [21]. Therefore, subtracting the QRS-T components from the atrial
electrogram data might help improve the result of the analysis because the frequency
overlapping will be eliminated [21, 23].

In this study, the interest data is the atrial electrogram (labeled as virtual) data.
However, the ECG data recorded is useful as a reference to initially identify the
location of the frequency of the QRS-T components to be subtracted later from the

Fig. 1. Methodology flowchart
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atrial electrogram data. This is because the normal ECG waveform is a basic repeating
signal pattern with P, Q, R, S and T waves as shown in Fig. 2, therefore allowed easier
detection of QRS and T components to be subtracted. Conversely, the AF waveform is
rather random and irregular, so it is difficult to identify the QRS and T components
from the AF graph.

Flat interpolation method has been applied to replace the subtracted QRS-T waves
with a base value.

2.3 Rectification

Rectification is another proposed signal processing for the data. This enables justifi-
cation on the necessary of rectification on the data to improve the signal analysis.
Rectification is used to transform biphasic waveform into monophasic waveform by
using the absolute value function in Matlab [15]. According to some researchers,
rectification can cause the peak and troughs of a signal become correspond with a
sinusoid signal [15]. This information is essential especially for local recording of atrial
electrogram which either using unipolar or bipolar electrode, because of its typical
sharp biphasic waveform which requires signal preprocessing steps [15, 20, 24]. The
more similar a signal pattern is to the sinusoid signal (in time domain), the lesser the
error existed when using Fourier transform method for frequency domain analysis [15].
Similarly, the closer the atrial electrogram waveform being approximated to a sinu-
soidal function, the better the DF analysis could reflect the activation rate of AF.

Fig. 2. General waveform for ECG signal
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2.4 Fast Fourier Transform

As mentioned earlier, DF is the main parameter determined to study the nature of the
electrical activation of AF in frequency domain. Fast Fourier Transform (FFT) method
has been chosen to obtain the dominant frequency of each of the 2048 point data for
21 s after the QRS-T subtraction and rectification. FFT method is claimed as fast and
accurate in estimating the DF compare to methods such as autoregressive (AR),
Blackman Tukey (BT) and the multiple signal classification (MUSIC) method [12].

2.5 3-Dimensional (3D) DF Mapping

The dominant frequencies of the data were also represented visually in 3-dimensional
maps of left atrium wall for respective subjects. Different subjects have distinctive
shapes of left atrium as shown in Fig. 3. Matlab coding is used to plot the
3-dimensional maps showing their particular frequency which keep on changing during
the 21 s recording.

3 Result and Continuous Work

3D maps in default view were obtained as the result after the 3D DF mapping pro-
cedure. For each subject, 21 figures were obtained and saved to visualize the changes of
DF on the maps per second. This will be used for visual observation and comparison of
the DF changes for the raw data, data with QRS-T subtraction as well as the one with
rectification. Figure 4 shows the example of 3D DF maps obtained for subject a1 for
the 21 s consecutive AF.

Fig. 3. Subjects (a1), (a2), (a3), (a4) and (a5) respective 3D LA shapes
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These resultant 3D DF maps will further being used for proving relation between
sites of LA (PV, MV, LAA and non DF areas) with the existence of electrical activation
sources and also to study the reliability of QRS-T subtraction and rectification steps for
better study of the AF electrogram data. For instance, DF activity on the known sites on
LA such as the pulmonary veins (PV), left atrium appendage (LAA), and mitral valve
(MV) areas might show significant irregular DF activity within the 21 s recording. If
this happens, it can be inferred that the particular site do contribute or act as the main
activation sites for AF as claimed by some researchers.

Another method to study the 3D DF maps is by using the organization index
(OI) calculation. OI is defined as the ratio between power of DF and its harmonics (area
of graph under the DF and its harmonics) to the total power. By knowing the OI value,
we can relate the organization of particular sites on the LA with DF variability and thus

Fig. 4. (a) Subjects a1 3D DF maps for 1–3 s, (b) subjects a1 3D DF maps for 4–8 s,
(c) subjects a1 3D DF maps for 9–13 s, (d) subjects a1 3D DF maps for 14–18 s, (e) subjects a1
3D DF maps for 19–21 s
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Fig. 4. (continued)
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Fig. 4. (continued)
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Fig. 4. (continued)
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the electrical activation of DF. The higher the OI value (>0.5), the more regular the
frequency activity of the particular sites, and hence indicates low DF variability or low
possibility of electrical activation source for AF on that particular area of LA.

The evaluation of sites on LA can be compared with OI analysis to justify their
relatability as the sites of electrical activation source for AF. Similarly, OI analysis
result will also be used together with visual observation of the 3D DF maps to infer the
importance of using the preprocessing steps: QRS-T subtraction and rectification, on
AF electrogram data studies.

4 Conclusion

This research is exploring pre-processing approaches which included both with and
without rectification and filtering using QRS-T subtraction for DF estimation. The
modelling of the electrophysiological data of AF in 3D DF maps form is a credible
method to study the correlation between the DF activity of AF and its electrical
activation attributes.

We believed that the QRS-T subtraction is a significant preprocessing step for the
AF data. It is also expected that the DF activity in particular sites of LA, such as the
PV, MV and LAA sites are more relevant to the AF electrical activation source

Fig. 4. (continued)
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compare to the non DF sites. However, in order to accurately study the behavior of AF
and its relation with the DF, more subjects and data are desired in future.
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