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Abstract

The body surface distribution of the cardiac electric field is best represented as reliefs of positive and
negative potentials, or their time integrals. The objective of this study was to design a methodology of
their quantitative evaluation. QRST isointegral maps were obtained from 45 healthy subjects (35 men,
10 women, aged 10�67 years) using a 80 electrode set. Relative frequencies of positivity and of nega-
tivity were ascertained for different levels of the QRST integral values.
Two fuzzy subsets: that of positive and that of negative QRST values were defined on the set of elec-
trode placements. The values of membership functions of their elements were derived from relative
frequencies obtained in the reference group of subjects, separately for all levels of QRST integral values.
Statistics of these values characterize the reference reliefs of the positive and of the negative QRST
values and are used to test their resemblance to a given individual distribution.
In conclusion, the representation of isopotential, or isointegral body surface potential maps as reliefs
of their positive and negative values, based on the theory of fuzzy sets, enables a quantitative evaluation
of their resemblance to a given individual distribution. (Fig. 6, Ref. 18.)
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An analysis of the pertinent literature, published in the six-
ties of the last century (Rijlant and Ruttkay-Nedecký, 1969) has
shown that computers were introduced in medicine earliest and
to the greatest extent in electrocardiology. They have been gra-
dually utilized also in our country for electrocardiographic data
acquisition and evaluation in preventive population surveys (Ba-
chárová et al., 1988), for recording, visualization, and evalua-
tion of body surface potential distributions (Filipová and Cagáò,
1986; Kozlíková et al., 1988; Kneppo et al., 1988; Slavkovský
and Hulín, 1989), as well as for simulation of myocardial activa-
tion propagation in studies of the normal variability and patho-
logic changes of electrocardiograms and vectorcardiograms (Sza-
thmáry, 1989).

The body surface representation of the cardiac electric field
provides also input data for solving the inverse problem of electro-
cardiology, i.e. the model of its source. On the other hand, po-
tential maps provided by computer simulation of such a source
are a criterion of their adequacy.

In the course of a cardiac revolution, the three dimensional
visualization of areas of positive and negative potential distribu-
tions shows elevations and depressions of irregular ad changing

shape. An optimal method for quantitative evaluation of normal
variability, as well as of pathologic changes of such complex
shapes is not available. Problems arise also due to inconsistency
in number and localization of recording sites, as well as in diffe-
rences of characteristics of data acquisition systems. In earlier
papers (Ruttkay-Nedecký, 1988, 1991), a fuzzy set based method
was proposed for evaluation of the similarity between images of
ventricular activation surfaces, obtained by dipolar electrocardi-
otopography (Titomir and Ruttkay-Nedecký, 1987). In the pre-
sent study, it was adapted for appraisal of the similarity between
body surface potential maps and applied in a study of the distri-
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bution of isointegral QRST values, that are considered to be a
potential marker of ventricular repolarization inhomogeneity
(Abildskov et al., 1983; Abildskov and Green, 1987; De Am-
broggi, 1997).

Material and methods

The reference group consisted of 45 subjects (35 males, 10
females) aged 10�67 years (median 59), with no history and
signs of cardiovascular disorders, and a normal McFee-Parun-
gao vectorcardiogram (Vectorcardiograph system 1520A,
Hewlett-Packard). The potential maps were obtained by a com-
puter based electrocardiologic system (CARDIAG 128.1, METE,
Prague) using a set of 80 unipolar leads, distributed regularly at
the intersections of 5 rows and 16 columns on the chest surface.
Isointegral contour maps, delineating areas with identical positi-
ve, or negative values of the QRST time integral, in µVs, were
printed at the output of the recording system (Fig. 1). The ordi-
nary set of the electrode sites of unipolar leads was treated as
consisting of two fuzzy subsets: one with positive and one with
negative values of the QRST integrals. The membership charac-
teristic functions of their elements were derived from the respec-
tive relative frequencies obtained in the reference group of nor-
mal subjects. This procedure was repeated for the ordinary sub-
sets of those electrode sites, where the absolute value of the QRST
integral attained, or surpassed the values of 10, 20, 30, 40 and
50 µVs, respectively.

Results

The relative frequencies of positive and negative QRST va-
lues, obtained in our reference sample, at the intersections of
rows A�E and columns 1�16, are shown on Figure 2 for the
total thoracic surface, on Figs 3�6 for those parts of the surfa-
ce, where the QRST integral value attained 10, 20, 30, or 40 µVs.

Since the course of separating lines between positive and
negative QRST values on the body surface exhibits interindivi-

dual variability, a given electrode site may be a member of both
the positive and the negative fuzzy subsets with different values
of membership functions, so that they have intersections. As
shown on Figure 2, in our reference sample, the absence of posi-
tive QRST values could be expected only on a small circumscri-
bed area under the right clavicle, and the absence of negative
QRST values in the left axillary region. However, this image
was changed after taking into consideration not only the sign of
the QRST integral, but also its value in µVs. Then the fuzzy
subsets were defined exclusively on the sets of electrode sites
where the QRST integral reached, or surpassed, a predetermined
value. The area of intersection became much smaller at the 10
µVs level, and this tendency continued toward higher µVs le-
vels (Fig. 3�6).

Qualitative, as well as quantitative criteria may be used to
compare an individual distribution with a reference one. An im-
portant qualitative criterion is the absence of positivity, or nega-
tivity of a QRST value at electrode sites, which are not elements
of an intersection of fuzzy subsets. In such a case, lack of simila-
rity is supposed between the individual and the reference relief.
Quantitative criteria are based on relations between the arithme-
tic means of membership function values at different levels of
µVs, as well as of the sum of all membership functions of the
given subject on one side, and the statistics (mean±standard er-

Fig. 1. Izointegral map from a normal subject. Both the left and
right margins indicate the right midaxillary line, the small circles
the placement of electrodes. The solid lines indicate positive time-
integral values of QRST, the dashed lines negative values. Separa-
tion by 10 µVs intervals.

Fig. 2. Distribution of positive (+) and negative (-) values of relative
frequencies (vertical axis) of QRST integrals from the reference
set. A�E represents the right midaxillary line, A is at clavicular
level. Recording electrodes were placed at intersections of A�E
rows and 1�16 columns.
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ror of the mean) of the respective values obtained from the refe-
rence sample. An individual distribution of data (or its computer
simulation) is deemed to be similar to a reference distribution, if
the arithmetic means of membership function values of all fuzzy
subsets are within the intervals±2 times standard error of the
mean obtained from the respective characteristics of the referen-
ce set. If any of them lies between±2 SE and ±3 SE, the similari-
ty is only marginal, if outside of ±3 SE, it is nonexistent.

Discussion

Elements of fuzzy sets are considered to be intrinsically im-
precise. On the other hand, randomness involves uncertainty abo-
ut occurrence of an event precisely described. However, in real
life, it could often be the case that both fuzziness and rando-
mness are present (Negoita and Ralescu, 1975). This is relevant
also to the topics of the present study. The body surface potential
distribution of a given subject is related to the distribution of
potentials on the surface of its heart, but this relationship is con-
founded by the electrical properties of the extracardiac space.
When counting the relative frequencies of positivity, or negati-
vity of QRST integral values at electrode sites, we are dealing
with precisely described events. When characterizing the 3D re-
liefs of positivity and negativity, we are imprecise, because they
are evaluated only at predetermined levels of µVs. The transfor-
mation of relative frequencies into characteristical membership
functions of fuzzy elements, as used in this study, may be consi-

Fig. 3. Distribution of relative frequencies of positive and negative va-
lues of QRST integrals �10 µVsec. For further explication see Fig. 2.

Fig. 4. Distribution of relative frequencies of QRST integrals �20 µVsec.

Fig. 5. Distribution of relative frequencies of QRST integrals �30 µVsec.
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dered as a first approximation and the values may be corrected if
necessary, e.g. in experimental work, or simulation studies using
a computer model of the source of the cardiac electric field.

In earlier works, the reliefs were characterized by statistics
of maxima and minima of QRST integral distributions (Monta-
gue et al., 1981), or their peak-to-trough amplitudes (Ruttkay-
Nedecký and Regecová, 1999). The normal distribution of
QRST was studied also by mathematical data compression in
the reference set, where the QRST complex was represented by
216 Karhuenen-Loeve coefficients (Kozman et al., 1999).

The body surface distribution of QRST integral values is in
fact a distribution of Wilson�s �ventricular gradient� (Wilson
et al., 1934). Since it reflects mainly the inhomogeneity of ven-
tricular repolarization, due to differences in action potential
shape and duration, its source has a distributed character and
its interpretation in terms of a dipole, a multipole, or a multidi-
pole is of no physiological meaning. Its quantitative characte-
ristic has therefore to be focused on the localization and the
shape of reliefs of positive and negative QRST distributions.
According to De Ambroggi, negative QRST integrals should
be recorded from areas facing myocardial regions with longer
recovery durations, whereas positive values are recorded from
the thoracic surface facing cardiac regions with shorter recove-
ry durations (De Ambroggi, 1997). Also differences in the va-
riability of their peak values were reported, e.g. the age-related
decrease of the minimum is greater than that of the maximum,
and in held deep inspiration, the maximum decreases more than
the minimum (Ruttkay-Nedecký and Regecová, 1999).

Fig. 6. Distribution of relative frequencies of QRST integrals �40 µVsec.

The presented method of evaluation does not take into acco-
unt the absolute values of QRST integrals, but only the occur-
rence of their positivity, or negativity at the electrode sites, as
well as at predetermined levels of the reliefs. Its accurateness
depends also on the density of such levels. The method makes it
possible to deal with conventionally printed isointegral maps (Fig.
1), where the QRST values are not indicated at the individual
electrode sites. Since in the reference set the QRST values are
not averaged, the reliefs of positivity and negativity, including
their intersections, are evaluated and may be visualized separa-
tely. The method permits not only to assess a global similarity
between the individual and the reference relief, but also the de-
gree of eventual differences at predetermined levels of the relief.
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