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Abstract
In real experiments with body surface potential
mapping, it is usual that the measuring electrodes cannot
be placed regularly because of other patches of sensors
used during the procedure. The influence of accidentally
missing the most powerful ECG signals on the inverse
localization of the pacing site using a single dipole was
studied.
Body surface potential maps from three tank
experiments on the pig or dog heart and one from the
patient’s torso were used for inverse computation of the
known pacing site position using the full electrodes setup
a then after omitting the 10% and 20% of the signals with
the largest power. The sensitivity of the inverse method
was evaluated by localization error between the true and
computed pacing site.
The localization error did not change (13mm or 7mm)
or changed from 13 to 24 mm for tank data, but it
increased rapidly from 19 to 41/68 mm for human data.
The largest effect of electrodes’ omission using human
data can be explained by the largest complexity of the
measured torso what is not fully included in the
computational torso model.

1.

Introduction

The electrocardiographic imaging is based on a
multiple-leads ECG measurement on the torso. Usually,
the proposed electrodes' arrangement is a regular grid
around the patient's chest. If an irregular placement of
electrodes is used the highest density of electrodes occurs
on the anterior side where the largest spatial gradient of
the measured electrical field is expected. However, in real
situations when the body surface potential (BSP) mapping
is performed along with another procedure, the areas for
defibrillation patches or CARTO patches are left free of
measuring electrodes. The variability of the measuring
electrodes' placement during the real measurements can
be seen e.g. in [1]. Also, sometimes, after several
minutes’ work with the patient some broken electrodes
are found just when all electrodes are placed on the torso.

The problem of missing and small amplitude signals is
under
the
solution
also
in
the
Signal
preprocessing/interpolation group of the Consortium of
Electrocardiographic Imaging. The novel method for the
missing signals interpolation was introduced in [2]. The
effect of the interpolation of ECG signals on the results of
the inverse solution (ECG imaging) for various scenarios
of omitted electrodes was studied in [3] and [4].
However, according to the presented results, the
interpolation of the missing signals did not improve the
results in terms of reconstructed electrograms, thus we
need to rely only on the measured signals.
Theoretically, the inverse solution using a single dipole
heart model does not need many measured signals on the
torso. In [5] it was shown that the small noisy signals do
not influence the results of this inverse method.
Therefore, in this study, we investigated the situation
when accidentally just the largest signals are not
available.

2.

Method and Materials

Multiple leads ECG measurements from four
experiments using three different heart-torso setups were
used in the study. Bordeaux data (provided by
IHU_LIRYC Bordeaux, France) were obtained from pig
heart inserted in a homogeneous torso tank measured in
128 electrodes on the tank surface. Utah data (provided
by SCI Salt Lake City, Utah) from two experiments were
measured from dog heart inserted in a homogeneous torso
tank with 192 electrodes placed regularly in 12x16 mesh
around the torso model. The data were available within
cooperation in the Signal processing group from
Consortium
for
ECGI
(https://www.ecgimaging.org/workgroups/signal-processing). Last data set
was from body surface potential mapping of a patient
measured in 128 electrodes located in grid 8x16 on the
torso. The torso model of the patient was created from the
CT scan.
In all experiments, the heart activity was stimulated in
the ventricles by a single electrode.
From the measured body surface potential maps
(BSPMs), the position of the stimulating electrode was

computed by the inverse method using a single dipole as
an equivalent electrical heart generator [6]. In this
method, the very early time interval of depolarization is
considered (up to 25 ms) It is assumed that during this
time the activated area is small enough to be represented
by a single dipole. The best localization of the
representative dipole is searched in the ventricular
volume in the defined positions of nodes. If T is a transfer
matrix between the heart dipole d in a particular position
and the torso potentials P it can be expressed as:
P = Td

3.

Results

The power of the signals in the first 25 ms of QRS
interval arranged in descending order for each experiment
is displayed in graphs in Figure 1

(1)

Then from the known potential map, the unknown
dipole moments can be obtained by solution of the
overdetermined system of linear equations:
d = T+P

(2)

where T+ is a pseudoinverse of the transfer matrix.
All available signals from each experiment were
processed as follows. First, a baseline drift (BDR) was
removed by fitting the determined zero points by a cubic
spline. To eliminate the high-frequency noise, the ECG
signal was segmented according to its repeated
morphology and averaged. The averaged BSPMs were
used as input data for the inverse computation.
In each measuring electrode, the power of the signal in
the first 25 ms time interval from the beginning of
depolarization was computed as a sum of the squares of
the signal amplitudes in each sampling point. The
measuring electrodes were sorted according to the power
value in descending order.
The signal-to-noise ratio (SNR) in the studied time
interval was also evaluated for each electrode in each
time sample t according to the formula:
SNR(t) = 20log10 (mean_sig(t)/std_sig(t)

Figure 1. Power values in descending order in measuring
electrodes computed from the first 25 ms of
depolarization ECG signal for four experiments.
Red – 10% of leads, red+violet– 20% of leads.
The torso models with the positions of leads removed
in the study are depicted in Figure 2

(3)

Where mean_sig(t) was the averaged signal in a given
time instant t and std_sig(t) was the standard deviation of
the values used for the mean computation.
The position of the stimulating electrode was known
for each experiment. First, the localization of the
stimulating electrode was computed for the full measured
data set. A localization error (LE) as the Euclidean
distance between the true position of the electrode and the
position of the dipole computed by the inverse solution
was calculated. Then, 10% and 20% of the measuring
electrodes with the largest value of power within the first
25 ms were removed from the available data. The
influence of such removal on the LE was evaluated for
each experiment.

Figure 2. Measuring electrodes (blue dots) in four
experiments (Bordeaux, Human, Utah1, Utah2) with 10%
(red) and 20% (red + violet) of the most powerful
electrodes.
Maximal SNR values within the first 25 ms of
depolarization for the electrodes ordered according to the
power values corresponding to Figure1 are depicted in
Figure 3. The number of the signals/heartbeats used for

the averaging was 28 for Bordeaux data, 480 for human
data and 15 or 19 beats for Utah1 or Utah2 data
respectively. The value of maximal SNR within the first
25 ms of depolarization for each experiment is showed in
Table 1.

Figure 3. Maximal SNR values for the electrodes ordered
according to the highest power value for each experiment.
Colors correspond to Figure 1.
For torso models with 128 leads 13 (10%) and 26
(20%) leads with maximal power value were removed,
for models with 192 leads, 20 and 40 leads were omitted
accordingly.
To make the results from all four experiment better
comparable, the number of leads for Utah torso model
was reduced by 64 leads to have the same number of
leads for all experiments. The 64 leads were removed in
such a way that the leads with the highest power
remained in the rest 128 leads. Therefore, for Utah1 the
upper four horizontal lines of electrodes were removed,
while for Utah2 the upper two along with the lower two
horizontal lines of electrodes were removed. From the
rest 128 leads again 13 and 26 leads were omitted
similarly as for the Bordeaux and human data.
The position of stimulating electrode was computed by
the inverse solution to one dipole for all mentioned
electrodes configurations. The LE is evaluated in Table 1.
Table 1. Maximal SNR within the first 25 ms of
depolarization. LE for all studied combinations of
measuring electrodes configuration.

Experiment
Bordeaux
Human-homog.
Human-inhomog
Utah1-192 leads
Utah1–128 leads
Utah2-192 leads
Utah2-128 leads

LE [mm]
maxSNR 100%
90%
80%
[dB] of leads of leads of leads
7.9
12.9
15.0
23.8
18.1
19.2
41.6
68.2
15.0
31.0
61.4
17.8
13.3
13.3
13.3
13.4
13.4
13.4
26.5
6.9
6.9
6.9
6.9
6.9
6.9

4.

Discussion

From the graphs in Figure1, it is visible that the extent
and number of the large power values differed
considerably from case to case. The drop of the power
value was from 15 % for Utah1 data to 87% fop Utah2
data when 10% of the most powerful electrodes were
considered, and from 35% (Utah1) to 98% (Human)
within 20% of the electrodes with the largest power.
From Figure 2, for Bordeaux data, the most powerful
electrodes were situated anteriorly and slightly with
prevalence on the right side, on the human torso such
electrodes were lower anterior and on the left side. For
Utah1 data, the electrodes with the largest power during
the first 25 ms were surprisingly on the lower lateral and
posterior right side, while for Utah2 data such electrodes
were on the two opposite sides on the torso – anterior
right and posterior side. This wide variability resulted
from the different positioning of the isolated animal
hearts in the torso tanks as it is apparent from the Figure
2, from the location variability of the pacing sites in the
ventricles as well as from the specific short time interval
(starting 25 ms) when the power in the electrodes was
computed. If the power in the electrodes is computed for
the whole QRS complex the positions of the most
powerful electrodes appear anteriorly (as it is generally
expected) and do not differ so much (Figure 4).

Figure 4. The position of the most powerful electrodes on
the torso if the power is computed from the whole QRS
time interval. Colors correspond with Figure 2.
No sensitivity presented both of the Utah data while
the LE remained on the very agreeable value of 13 and 7
mm respectively, even if the original electrodes'
arrangement with 192 electrodes was reduced by 64
electrodes. However, the reducing from 192 to 128
electrodes was performed by maintaining the largest
signals, what was just one of many other possibilities how
to do it. The absence of small signals did not worsen the
LE.
The largest LE for Bordeaux data appeared when 10%
of the largest signals were omitted, the absence of 20% of
the largest signals surprisingly improved the LE. It points
out that the power and number of signals are not the only
important parameters for good results. Thus it needs to be
studied in more details in the larger study.
The largest sensitivity to the absence of the most
powerful electrodes demonstrated human data for which

just the absence of the 10% of electrodes lead to the LE
greater than 30 mm.
The SNR values from Figure3 do not change so
rapidly like the power of the signals in Figure1, SNR
remains similar for more than half of the measured
signals. After omitting of the 20% of signals there were
still enough signals with a proper SNR to provide input
information for an inverse solution. However, even
though the SNR of the signal in human data was
comparable to SNR values of Utah1 data, the LE
increased considerably with the number of omitted
electrodes.
We can hypothesize, that the considerable higher
sensitivity of the human model to the absence of the large
signals is caused by the complexity of the true torso when
even the inhomogeneous torso model was only an
approximation of the reality. The computational tank
models corresponded well with the true ones (in each case
the both were homogeneous). Inclusion of some
inhomogeneities in the human torso model improved the
results slightly, what confirms also the results in [7]
where a positive effect of the inclusion of torso
inhomogeneities on the ECGI inverse solution was
presented.

5.

Conclusions

It seems that the most important effect on the results
had the quality of the torso model. For Bordeaux and
Utah data the torso model corresponded with the reality
(homogeneous torso tank) so the absence of the large
signals was acceptable.
For human data, the torso model was always just an
approximation of the reality (worse – homogeneous
model, better – inhomogeneous model) thus the large
signals were crucial for correct results even for such
simple heart model as the simple dipole is.
Although the inverse method using a single dipole
theoretically does not need many signals in real
measurements it is important in BSP mapping not to lose
large areas because there can be the essential signal
information.
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