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Abstract
Up to now the functioning of the Atrio-Ventricular Junction (AVJ) during Atrial Fibrillation (AF) is still not completely understood. To shed some light on the AVJ behavior during AF episodes, this study analyses the existence of
a possible relationship between the occurrence of a heart
beat and the power of the atrial activity (AA) preceding
this heart beat in an electrocardiogram (ECG) signal. AA
power is measured in the interval of the ECG between the
onset of the heart beat under analysis and the ending of
the previous heart beat (T-Q interval). Our analysis has
shown a difference in the distributions of AA power versus
cardiac cycle length (RR interval on the ECG) between
healthy and pathological subjects. In particular, a negative trend between these two parameters is discovered in
pathological subjects. This negative relation shows a possible coherence between power arriving at the AVJ and the
triggering of the heart beat, which is in line with the assumptions made in the quantitative model for the ventricular response during AF by Cohen [1].

1.

Introduction

Atrial Fibrillation (AF) represents the most common
sustained cardiac arrhythmia in adults. It consists of a misfunction of the atrium characterized by a modification of
the normal atrial activity (AA) pattern on the electrocardiogram (ECG) signal. Epidemiologic studies have shown
that its prevalence and incidence doubles with each advancing decade beyond 50 years reaching 10% in people
over 80 and has direct impact on mortality and morbidity
[2, 3].
Although the mechanism and effective treatments for
most other supraventricular tachyarrhythmia have been
discovered, the understanding of AF remains incomplete.
In particular, no unifying mechanism has been found yet
to explain the behaviour of the atrio-ventricular junction
(AVJ) during AF. It is well known that heart rate variability is enhanced during AF [1, 4], while other studies
have revealed a more complex relationship between AVJ
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behaviour and AF [5]. In addition, the variation of the RR
interval during AF has been thought to result mainly from
autonomic modulation of the electrophysiological properties of the atria and the AVJ [6]. Therefore, the characterization of the ventricular rhythm in AF has been controversial and its mechanism has been a subject of debate for
decades [7], thus revealing that the prevailing ventricular
rate during high atrial rate is a complex dynamic parameter.
Different hypothesis were introduced to explain the irregular ventricular response during AF, i.e., the dependence of the decremental conduction and repetitive concealment on the AF impulses within the AVJ [8], or yet
the dependence of the electrotonic modulation on the AVJ
propagation by concealed AF impulses [9].
Several quantitative models for the ventricular response
during AF were developed [1, 7, 10] to deal with this problem. The AVJ model presented by Cohen et al. [1] introduced the hyphotesis that it can be treated as a lumped
structure with well defined electrical properties, including
the refractory period, the automaticity and a defined depolarization threshold. From this point, the present work
analyzes the presence of a possible correlation between the
occurrence of a heart beat and the power of the AA observable in the ECG signal during the T-Q interval preceding
this heart beat. This analysis aims to test the presence of
a dependence between the AA power arriving at the AVJ
and the RR period, following the idea that the AVJ generates an activation wave when the AA power arriving at it
exceeds a threshold value, intrinsic to the AVJ.
The study of AF and its characteristics can to a large
extent be carried out through the analysis of the surface
electrocardiogram (ECG), which has the advantage to be a
noninvasive technique and is already reported to be useful
[11].

2.

Methods

A dataset composed of 23 real recordings (2 healthy
subjects and 21 presenting AF) was employed to analyze
the proposed idea. All signals were recorded and digitized
at a sampling rate of 1 KHz. Among the segments em-
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Figure 1. AA power versus RR interval distribution for a
healthy subject. The shape distribution does not show the
presence of any particular relation; n.u., normalized units;
s, seconds.
ployed in this analysis 19 were recorded using a standard
12-lead derivation system of 12s length (all AF) while 4
were recorded using a 9-lead derivation system of 300s
length (2 healthy and 2 displaying AF). Pre-processing was
done by applying a zero-phase low pass filter to remove
physiologically irrilevant low frequency signal variations
(<1 Hz) [12].
To allow the calculation of the AA power in each T-Q
segment the algorithm of Zong et al. was employed to
detect Q wave onset and T wave ending in each heart beat
[13]. AA power in the T-Q interval referred to the ith heart
beat on the lth lead was calculated as follows:
(l)

PAAi =

Qi
X
1
x2l,n
#[Qi − Ti−1 ]

(1)

n=Ti−1

where xl is the digitized ECG signal recorded by the lth
lead, Ti−1 is the T wave ending instant of the (i-1)th heart
beat, Qi is the Q wave onset instant of the ith heart beat
(the beat under analysis) and Qi − Ti−1 is the number of
samples contained in the ith T-Q interval.
Once each T-Q interval has been selected, AA power is
(l)
calculated for each of all the leads (PAAi , with l generic
lead, i generic beat).
To make use of the AA power of all leads, a normalization step is required. This is because a lead placed on
the body surface records an electric activity whose amplitude depends on the distance between the electrode and the
location of the recorded activities, on the electrical properties of the tissues and on the directions of the activities.
Therefore, in each specific lead AA powers for all the T-Q
segments are standardized in order to get a zero-mean and
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Figure 2. AA power versus RR interval distribution for
a pathological subject. The shape distribution shows the
presence of an inverse relation (dashed line), even if it
is quite complex, due to the dispersion of the distribution
(locked up between dotted and dashed-dotted lines); n.u.,
normalized units; s, seconds.
unit-variance normalization of power measurements on a
lead-by-lead basis. This means that each AA power value
is subtracted by the AA power mean value in that lead and
devided by its standard deviation, as follows:
(l)

(l)

P̃AAi =

(l)

PAAi − PAA
σP (l)

(2)

AA

(l)
where P̃AAi is the normalized AA power of the T-Qith in(l)
terval, PAA is the AA power mean value of the segments in

the lead under analysis and σP (l) is its standard deviation.
AA
Subsequently, the mean value of the normalized AA
powers occurring at the same heart beat in all leads is calculated for each heart beat as follows:
1 X (l)
P̃AAi
L
L

P̃AAi =

(3)

l=1

where L is the total number of leads. It is easy to see
that P̃AAi is a summary of the whole AA preceding the
ith heart beat. This normalizing procedure is necessary for
exploiting at one time the spatial information contained in
each lead as correctly as possible, keeping into account the
arbitrary spatial differences among each electrode, as previously mentioned.

3.

Results

The proposed approach for the analysis of AA power in
the T-Q interval versus RR period was applied using a pa-

ceding this heart beat has been analyzed. First of all, the
importance of a normalization step has been described, to
give the possibility to exploit the spatial information kept
in all leads, since the amplitude of the signal recorded by
one lead can not be compared directly to that of another
one.
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Figure 3. AA power meanvalues (point-marked line) and
standard deviations (x-marked line) for all the pathological
subjects split in five RR bins. Each point fixed in correspondence to the RR meanvalue of each bin; n.u., normalized units; s, seconds.
tient dataset of 23 recordings. Fig.1 and 2 plot the mean
values of the normalized AA powers P̃AAi versus the RRi
intervals for a healthy and an unhealthy subject, respectively.
First of all, the difference in the P̃AAi = f (RRi ) shape
distribution between healthy and pathologic subjects is remarkable. The healthy subject shows a rounded distribution, as in Fig. 1, while the pathological subjects seem
to exhibit a triangular shape distribution, summarized by
the dotted and dashed-dotted lines in Fig. 2. For pathological subjects an inverse relation appears between AA
power arriving at the AVJ before each heart beat and the
corresponding RR period (dashed line in Fig. 2). However, from the spread of the distribution it can be derived
that it is not a linear relation. Possible explenations of this
tendency are suggested in the discussion part of this paper.
Fig. 3 summarizes the general behaviour of the P̃AAi =
f (RRi ) relation for all the pathological subjects under
analysis. Indeed, it shows the trend of AA power mean values and standard deviations respectively, versus the RR intervals, after grouping RR intervals in five different classes
and keeping the mean value of the P̃AAi (point-marked
line) and of its standard deviations (x-marked line) in each
class for all the subjects. Both the curves show clearly the
inverse relation between AA power and RR interval.

4.

Discussion and conclusions

In this study, the existence of a relationship between the
occurrence of a heart beat and the power of the AA pre-
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The analysis of the P̃AAi = f (RRi ) relationship has
shown a difference between healthy subjects, for which the
presence of a relation is not evident (uniform scatter plot
in Fig. 1), and pathological subjects, for which an inverse
relation between these two parameters seems to be present
(dashed line in Fig. 2), even if the distribution is quite
spread (triangular scatter plot in Fig. 2). The presence of
this relation is supported by the fact that the probability of
having high AA power values associated to short RR intervals is higher than for long RR intervals, as clearly shown
in Fig. 3. This finding suggests that the AVJ behaviour
during AF is characterized by a power threshold value (in
analogy with the electric depolarization threshold value),
for which the likelihood of generating a cardiac beat by
the AVJ is related to the amount of AA power carried by
the AF activity arriving at it, in agreement with the AVJ
models presented by Cohen et al. [1] and by Lian et al.
[7]. Therefore, the higher the AA power arriving at the
AVJ in a defined time, the higher the possibility to go over
the threshold and to generate a beat (related to a shorter RR
interval). The results shown in the previous section (Fig.
3), in agreement with these theoretical models, suggest that
AF impulses arrival to the AVJ is a dominant factor in the
AVJ excitation.
However, the great variance of P̃AAi = f (RRi ) distribution for short RR periods in the pathological subjects
seems not to support the hypothesis of an inverse relation (behaviour summarized by the dotted line in Fig. 2).
This can be explained in different ways. First, if it could
be supposed that the leads placed on the body surface are
not able to capture completely the three dimensionsal field
related to AA, together with the fact that AF works randomly in time and space, then it can be assumed that what
is recorded is sometimes only a partial vision of what is
really happening, due to the leads’ spatial resolution limit.
Therefore, if a low AA power value associated to a short
RR interval is observed (instead of a longer one, as would
be suggested by the inverse relation), it can be supposed
that the electrical activity recorded at that moment on the
ECG is only a reduced portion of the real one (leads’ placement unable to capture the main direction of AF). If this
hyphothesis is correct, AA power in that particular moment must be actually greater, rising the related point in the
P̃AAi = f (RRi ) plot nearer to the inverse relation (dashed
line in Fig. 2). Thus, both the inverse relation and the hypothesis of dominance of AF impulses arriving at AVJ in
generating its excitation are strengthened. On the other

hand, we could think the opposite,i.e., that leads placement works well in capturing all the AF electrical activity
in any direction. Consequently, power variance trend in the
P̃AAi = f (RRi ) distribution could be due to the amount of
noise present in the AA signal and to the way the power
is computed (the longer the RR periods for which AA energy is divided the lesser the variance of the estimator of
the AA power mean). On the contrary, if the amount of
noise in the AA signal is unimportant, it means that other
factors must be taken into account for the understanding of
the spread of the variance and the AVJ way of functioning.
Also, it must be taken into account that there is no certainty about the fact that AA recorded in the ECG before a
heart beat is effectively what reachs the AVJ. Indeed, it is
the global activity of the heart in a particular moment. The
portion of this global activity that really arrives at the AVJ
depends on the AA waves interaction, and so on their level
of spatial and temporal organization.
In conclusion, the frequency content of AA is known to
provide important physiological and clinical informations
about AF [11]. This study has evidenced that alternative
information such as the amplitude (power) of the AA signal can also shed some light on the understanding of the
physiological mechanism behind this condition. Future
work aims to analyze more deeply this finding, trying to
exploit also the AA masked by the QRS complex [14, 15].
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