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Abstract. The Distribution Function Method in two dimensions (DFM-2D) is briefly presented as an extension of the
previous Distribution Function Method in one dimension (DFM-1D). This novel method is applied to the estimation of shape
difference between ECG waves through Time-Frequency Representations (Spectrograms). Shape variations due to drug action
are followed along a day: for T-waves with Quinidine, for P-waves and QRS complexes with Cibenzoline. Clustering in two
and three classes according to the “shape distance” is made too. The two methods, DFM-2D and DFM-1D, are compared using
"pure shape distance”, i.e. independently of scale changes, and a distance including width variations of the waves. The results
concerning shape variations are coherent for the two methods, but in any case they are enhanced by using DFM-2D. In
conclusion it appears that this novel method of shape difference measuring will be interesting in carly detection and fine

measurements of electrophysiological effects of cardiac drugs.

1. Introduction

Swudying ECG signal variations involves the measure of
interval lengths, cardiac wave durations and also shape
variarions of these waves, independenily of shifts or scale
changes. Little shape variations are difficult 1o detect by visual
inspection and more difficult to measure specially in presence
of noise. This is probably why this topic has been neglected
till now. Nevertheless, some works in the domain can be cited
(1-3). Particularly in [2], the method used is the "Distribution
Function Method" (DFM) (3]. This method gives the distance
between the shapes of two 1D positive signals; included in the
k-means algorithm it gives classes of equal shape signals,
leading for example to the improvement of signal averaging
(2]. In the pesent paper, we announce the extension of DFM to
the two dimension case (DFM-2D); then we apply it to shape
variations of Time-Frequency Representation (TFR) of ECG
waves due to effects of drug absorption. The performances of
DFM in one dimension (DFM-1D) and DFM-2D are compared.

2. The Distribution Function Method in
two dimensions (DFM-2D)
Let f(x,y) and g(x.y) be two positive signals integrable on R2.
The equality of two shapes is defined by the existence of
relation of the form:
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In the gencral case, for example when f and g represent the
intensities of two images, « and 3 are indecpendent scale
parameters. The shape identity notion can be restricted by
linking « and B, ¢.g. imposing o = f3.
Measuring shape differences makes use of the 2D normalized
integrals:

f(x.y) = kg (1)
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and a similar formula for G(x,y). The sections a1 a fixed value
of z give curves whose equations can be writien as decreasing
Functions:

y = C,(x) for Fand y = D,(x) for G.

When signals f(x.y) and g(x.y) are the same shape, C, and D,
are linked by:

X-Xqo
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Position parameters xo and y, are eliminated by making the
two mean points to coincide, i.e. assuming x,=y,=0. In the
case where f and g arc any two signals, measuring a shape
difference needs the estimation of the scale parameter values o.°
and B* which give the best fitting between C,°, where

¢, =80, (%) @
and C_(x), according to the least mean square criterion. Then,
we compuie the mean residual associated to each z. The "shape
distance"” T(x*,$%) is abtained by averaging these residuals for
a series of z values going from 0 to 1. In the same way as for
the DFM-1D, measuring a shape variation in the case of noisy
signals needs a statistical determinatian of a threshold
depending on the signal to noise ratio. Beyond this threshold,
a shape difference is significant.

A particularly interesting case is that of 1D signals which can
be compared by DFM-2D using the modulus of any TFR. Then
o and B (scale parameters on time and frequency respectively)
are linked by: B=1/ct. The TFR we used - the Spectrogram -
contains a temporal window: then it is necessary to fit the
window width to the signal one. This fiting is made by DFM-
1D estimation of the ratio of the two signal widths, called ™.




The conclusions on the results are practically the same if o*
which optimizes T is replaced by o~ this leads to reduce the

computation time.
The detailed theory of DFM-2D is going to be submited o
Signal Processing.

3. Application to cardiac waves

Our study was performed on two young healthy adults who
received only one dose of an antiarthythmic drug. In case 1 it
was 330mg of Quinidine (Ia class in Vaughan-Williams
classification [4]). and in case 2 - 260mg of Cibenzoline (Ic
class). ECG data were recorded using the three orthogonal leads
XY, Z:

a) under the drug action (12 different records during 24 hours),
b) under placebo (6 records at some of the hours from drug
protocol, but a different day).

Two different systems of signal recording were used. In case }
the sampling frequency was 500Hz with a 12bit resolution
(£10mV input). We smdied the individual unfiltered T-waves,
choosen as the most representative in 8 second records.

In case 2 the sampling frequency was 1kHz with a 16bit
resolution (£2.5mV input). We studied averaged QRS
complexes and P-waves: in 2 4 min. record the average was
made over 50 beats aligned using the double level weshold on
R-wave and chosen to have little R-R interval variations.

The sindied signals are the root mean square of the 3
orthogonal leads X, Y, Z.

The results are composed of:

- the shape “distances” computed cither by DFM-1D, or by
DFM-2D applicd to the Spectrogram with a gaussian window,

- the clustering in 2 or 3 classes using the k-means algorithm.
Lastly, we must emphasize that shape equality has been defined
in two different ways: either shape identty in the strict sense,
i.e. independently of any time scale variation (x is a purameter
to estimate - we use a~), or a definition including both shape
identity and width equality of the two signals (o is enforced to

1). The separation between two classes i and j is measured by
sﬁ.—.-d/(ri«(-rj), where d is the distance between the class cenires,

and 1, Ty are the mean radii of the classes.

3.1 T-waves classification under Quinidine effect
The set of data contains 12 T-waves under Quinidine protocol
(Table 1), and 6 with placeba.

no. 1 2 3 4 5 6

hour 7h30' |8h 8hl5' |8h4S5' {9h15' 19h45' |
time -15' +15' +30' +1h +1h30' | +2h
no. 7 8 9 10 11 12

hour 10h15' |10h45' |12h45' [15h45°' [19h45° | 7Th45’
time +2h30' }+3h +5h +8h +12h |+24h

Table 1. Numbers of waves, corresponding hours, and
time after drug absorption.

The curves in Figure 1 show the shape variations (pure or
combined with widenning), along a drug absorption protocol
between succesive T-waves and the first one (without drug).
These curves must be compared to similar curves
corresponding to placebo absorption. It is obvious that the
contrast between "drug curves” and "placebo curves” is much
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higher when DEM-2D is used. When o is enforced to 1, the
contrast is much higher too. This means that width variations
are important.
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Figure 1. Shape difference between T-wave no. n and T-
wave no. 1 using: a) DFM-1D (deha), b) DFM-2D
(gamma); o: a=1, *: g=a", solid line: Quinidine, dashed
line: placebo.

The clustering (Table 2) in two classes is the same as well for
the both methods (1D and 2D) as for the criterions of shape
equality (a=1 and a=«"), with a value of parameter s;; sligthly
better when « is enforced to 1. On the other hand, the
clustering in three classes is significant only when «a is
enforced to 1. At last it is obvious that the separation measured
by s;; is higher with DFM-2D. The clustering process was
repeated when the 6 waves from another day under the placebo
were added to 12 waves under Quinidine protocol. The results
arc quasi-identical; the clustering is not due to the day or w the
hour.



o a=1 o=0o"
DFM Si¢ 81,
ID [{4109) {4109)
2¢l, {{1.2.3. s;2= 2.7 (1,23, 512=1.1
10,11,12}) 10.11.12)
{5 1w 8} s12= 1.2
3 el |(4.9,10) 5,5= 4.3
(1,2.3,1 1,12] S$93= 2.1
2D {410 9) {410 9)
2 cl. (1.2.3. 5‘2= 5.7 (1‘2.3, 5]2=5.3
10,11,12) 10,11.12)
{510 8) 5)5= 4.0
3 cl. |{4,9,10) 5,3=32.1
{1,2,3,1 1,12) S94= 7.7

Table 2. Clustering of the T-waves from the Quinidine
protocol, in two classes (2 cl.) and three classes (3 cl.).

3.2 Averaged QRS complex and P-wave
classification under Cibenzoline effect

The set of data contains: 12 QRS complexes and 12 P-waves
under Cibenzoline protocol (Table 3); 6 QRS complexes and 6
P-waves with placebo.

ho. 1 2 3 4 5 6

hour _ {8h35' 19h10* {9h40' |10h10° |10n40' [11h10'
time __|-5" +30' _ l+ih +1030' {+2k  [+2h30°
no. 7 8 9 10 11 12
hour  [11h40' [12h40' [14h40' {17040' [22h40° | 8R40
fime |+3h__ [+ah {+6h _[+9h |+13h [+24n
Table 3. Numbers of waves, corresponding hours and

time after drug absorption.

3.2.1 QRS complex classification

Figure 2 is similar to Figure 1, but for QRS complexes. The
conirast between “drug curves” and "placebo curves” is
slightly higher when DFM-2D is used and when a=1, but the
differences are less important than for T-waves.
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Figure 2.a.

72

QRS comploxos, OFM-2D
140 4 3 T T t T T

40

20t

- e Cam . s =

-
'] 3 4 5 3 ? 8 [ 10 1" 12
n

Figure 2.b,

Figure 2. Shape difference between QRS no. n and QRS
no. 1 using: a) DFM-1D (delta), b) DFM-2D (gamma);
a=1, *: a=a™, solid line: Quinidine, dashed line: placebo.

The clustering (Table 4) in two classes is the same (except one
complex) as well for the both methods (1D and 2D) as for the
criterions of shape equality (a=1 and a=a"), with a value of
parameter s, sligthly better when o is enforced to 1. On the
other hand, the clustering in three classes is significant only
when a=a”. At last the separation measurcd by s;j is higher
with DFM-2D. The results obtained with addition of "placebo
waves" are quasi-identical; the clustering is not due to the day
or to the hour.

[+3 a=1 a=o

DFM 8¢ Sig

1D |[(3w7) {(3t07)

2cl. [(1.28 1012} [5),=1.6 [({1,2,8 t0 12) |5;o=1.5
Bw7l S1=1.7 |

3 ol (2.8.9,10,12} {5,3=3.1
{1.11) 523=1.4

2D |31 8) BL7) B

2cl. {129 10 12) f5,,=2.7 [{1,2,8 10 12} |s,,=2.0
(310 7) 5,3=2.4

3 ¢l {2.8.9,10,12) |5,3=6.2
{1,11) 553=1.9

Table 4. Clustering of the QRS complexes from the
Cibenzoline protocol, in two elasses (2 c¢l.) and three
classes (3 cl.).

3.2.2 P-wave classification

Figure 3 is similar to Figures 1 and 2, but for P-waves. The
contrast between “"drug curves” and “placebo curves® is
slighdy higher when DFM-2D is used and when a=1. We can
sce a second peak for the wave no. 7 which appears only for
a=1, by the two methods. We have not find any clinical
cxplanation of this phenomenon: further studies on several
patients would be necessary.
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Figure 3.b.

Figure 3. Shape difference between P-wave no. n and P-
wave no. 1 using: a) DFM-1D (dclta), b) DFM-2D
(gamma); a=1, *: o=, solid line: Quinidine, dashed line:
placebo.

a a=1 a=a
DFM 51y Sy __
1D {4.5)
2 Cl. (1!2'3'6 to 12} 512=l’7
| ———
2D |(3.7.8) {4.5)
2 cl. |(1,2,4,5.6, |5,=1.0 {1,2,3,6 10 12} |52=4.3
910 12}

Table 5. Clustering of the P-waves from the Cibenzoline
protocol, in two classes (2 cl.) and three classes (3 cL.).

The clustering (Table 5) in two classes is the same for the both
methods (1D and 2D) if @=a”, with a value of pameter 5ij higher
using DFM-2D. When a is enforced to 1 we don't obtain a
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significant clustering (DFM-1D) or a clustering which doesn't
correspond to drug action (DFM-2D). No clustering in three
classes is significant. At last the separation measured by 5; is
higher with DFM-2D. The rasults obtained with addition of
“placebo waves” are quasi-identical, the clustering is not due to
the day or to the hour.

4. Conclusion

Different features can allow to follow the cffects of drug
absorption on ECG waves, for example the width of waves,
their amplitude or thair shape. In this paper we observe the
variations of shape, either in the strict sense (independently of
any time scale variation) or including widith equality. We
compared two methods based on Distribution Function: 1D,
applied to the ECG waves in the time domain, or 2D applied to
their Spectrograms.

Generally for "shape and width" distance both the variations
and the class separation coefficients are higher than for "pure
shape” distance. These variations and separation cosfficients
are also higher with DFM-2D than with DFM-1D. This is
obvious specially for T-waves, which are signals whose
frequencies are lower than P-wave and QRS complex ones, and
whose widths present important variations under drug effect.
But in some cases "pure shape" distance becosnes more
significant to interpret the curves and to cluster, specially for
QRS complexes and P-waves. In any case the resulls
conceming shape variations are enhanced by using DFM-2D
compared to DFM-1D.

In conclusion it appears that this novel method of shape
difference measuring will be interesting in early detection and
fine measurements of clectrophysiological effects of cardiac
drugs.
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