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Method of EKG signal processing and apparatus for performing the method
Technical field of the invention

The present invention relates to a method of EKG signal processing and an apparatus for

performing the method
Description of related art

Apparatuses for recording electric activity of heart, electrocardiogram or EKG, are commonly
used in cardiology for heart diseases diagnostic. Standard EKG monitors provide signal in a
frequency range up to about 100 Hz. Sensitive high resolution EKG monitors referred to as
HD EKG or HF EKG monitors with higher sampling rate up to 4 kHz occur on the market in
a limited extent. Frequency range up to 250 Hz is used on these devices. Many publications
have indicated that in this frequency range, exclusively in QRS complex area, higher
amplitudes of high frequency signal appear - Goldberg AL et al 1981, Petterson J et al 2000,
Schlegel TT et al 2004. State of technology and of a high frequency EKG analysis is
synoptically described in the article of Guy Amit, et al. 2014. Different form of the QRS
complex in the band from 150 up to 250 Hz, i. e. centralization, conceivably broadening and
bifurcation of frequency peaks, often defined by means of RAZ (Reduced Area Zone)
parameters, serves for a diagnostic of pathological phenomena in myocardium, first of all of

ischemic heart disease.

Limited frequency range and limited dynamics of the measured EK.G signal, that do not
enable subsequent analysis and interpretation of the high frequency electrical activities in the
frequency range above 250 Hz, are the limitation of the current HF EKG monitors. The
current limitation consists not only in an EKG measuring technique but also in a method of

ultra high frequency EK.G signals processing and interpretation.

It is the object of the present invention to define an apparatus for measuring ulira high
frequency oscillations generated by myocardium UHF EKG, i. e. the frequency range above
or way above 250 Hz, and to determine a method of processing the ultra high frequency
electrical activity of the myocardium. By means of the UHF EKG apparatus and the method
of processing the measured UHF EKG signal it is possible to diagnose various heart
abnormalities, pathologies, and determine risks of a sudden cardiac death in a simple and non-
invasive way. The present invention also enables so far unknown interpretation of the

measured electrical activity of the myocardium. The ultra high frequency oscillations,
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measurable by means of the present invention, provide information on time and location of an
activation of a depolarization phase of action potential of contractile cells predominantly of

the left and the right myocardium ventricle.
Summary of the invention

The object mentioned above is achieved with the method of the EKG signal processing, the
substance of which consists in selecting a frequency range above the frequency of 250 Hz on
the EKG signal in measuring channels; from this EK.G signal component in the selected
frequency range, amplitude or power envelopes of the EKG signal are calculated, which
envelopes are averaged with respect to R, of R wave position to increase a signal-to-noise
ratio in a corresponding channel, after which the averaged amplitude or power envelopes of
the EKG signal from individual channels are compared on the time axis. From the averaged
amplitude or power envelope of the EX(G signal advantageously for noise background
removal, a median or a mean value is deducted within the range of at least 100 ms after the
Ry, position to 300 ms after the Ry, position, whereupon the negative values of the envelopes,

after the median or mean value having been subtracted, are set to zero.

In an advantage embodiment of the invention, the amplitude or power envelopes of the EKG

signal are calculated using Hilbert transformation.

In another advantageous embodiment of the invention, the amplitude envelopes of the EKG

signal are calculated by the EKG signal filtration, conversion of the signal obtained this way

into absolute value and smoothing it.

In still another advantageous embodiment of the invention, the power envelopes of the EKG

signal are calculated by the EKG signal filtration, raising the EKG signal to the power of two
and smoothing it.

In another advantageous embodiment of the invention, the averaged amplitude or power
envelopes of the EKG signal are smoothed within the range from 0 to 5 Hz up to 0 to 200 Hz

using low pass filter.

In another advantageous embodiment of the invention, the amplitude or power envelopes of
the EXG signal are displayed on a display unit for the averaged amplitude or power envelopes
of the EKG signal from individual channels to be compared on the time axis, whereas a colour

or a degree of grey is assigned to a displayed signal from each individual channel.
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In another advantageous embodiment of the invention, the averaged amplitude or power
envelopes of the EKG signal within the interval of 300 ms before and 600 ms after the Ry, of
R wave position of QRS complex from the individual channels are converted to a series of
numerical parameters , where these numerical parameters include amplitude numerical
parameters ANPs from a group containing the signal amplitude maximum, the signal power
maximum, an integral of the signal amplitude envelope and an integral of the signal power
envelope in the individual channels or in sums of the individual channels and in the frequency
ranges, and time numetical parameters TNPs from a group containing time positions of the
amplitude envelopes maximurms, time positions of the amplitude envelopes centres, time
positions of the amplitude envelopes beginnings and time positions of the amplitude
envelopes ends in the individual channels or in sums of the individual channels and in the
frequency ranges. The time position of the amplitude or power beginning in one channel is
determined as the first value overrunning a predetermined limit value, the time position of the
amplitude or power end in one channel is determined as the last value overrunning the
predetermined limit value and the predetermined limit value is determined as a percentage of

the amplitude or power maximum, namely within the range of 1 up to 25 percent.

In still another advantageous embodiment of the invention, the numerical parameters are
normalized, whereas the numerical parameter P1 for the selected frequency range, the channel
or the sum of the EKG signals from several channels is normalized by the second numerical
parameter P2 for another frequency range or another channel or another sum of the EKG

signals, and whereas the normalized numerical parameter Pn = Py/P,.

In another advantageous embodiment of the invention, an electric dyssynchrony of ventricles
in units of time, defined as a difference between values of the TNPs of the selected EKG
channels, and this difference parameter is further used for a selection of patients suitable for
multi-chamber stimulator implementation, or with patients with already implemented
stimulator for an optimization of the stimulator function setting by shifting the stimulation
moments in the heart chambers in relation to each other to reach the minimum absolute value

of this parameter.

In still another advantageous embodiment of the invention, with patients with the multi-
chamber stimulator first of all the stimulating pulses position on the time axis and their
distance D from the TNPs values in the individual channels of the EKG signal in units of

time are determined, after which a speed of the stimulating signal transmission into the heart
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area, that is defined by the EKG channel, is determined on the basis of the distance D and a
suitability of the stimulating electrodes positions and characteristics of the electric stiinulation

in a heart muscle are assessed.

In another advantageous embodiment of the invention, the EKG signal is split into individual
frequency ranges within the frequency limits from 0 to 2000 Hz for determining the averaged
amplitude or power envelopes of the EKG signal in each individual frequency range. The
calculated data are arranged into time-frequency matrices, each row of the matrix is on the
time axis at interval from Rm — I to Rm + J, where I and J are time intervals, each in possible
range from 50 up to 1500 ms. That way each row of the matrix represents a course of the
averaged amplitude or power envelope at interval from Rm — I to Rm + J in the selected
frequency range. Frequency ranges of the individual rows of the matrix are shifted in relation
to each other. A time course of the frequency power or amplitude in each frequency range is

multiplied by a normalization coefficient K according to the function:
K= 1/Z(a))/n)

where n is a number of elements of one matrix row and a; is ith element of the same row of
the matrix, thereby enhancing of low signal powers at higher frequencies is achieved. Time-
frequency map after the normalization is advantageously displayed so that degrees of gray
scale or colour shades according to the set colour chart are assigned to the individual matrix

values.

In another advantageous embodiment of the invention, the amplitude or power envelopes of
the EKG signal from the individual channels or a sum of selected channels are converted to a
hearable audible signal such that the carrier frequency in the audible frequency range within
the limits of 300 to 15000 Hz is modulated by the amplitude or power envelope of the
individual channels or the sum of the selected channels, whereas these envelopes are
prolonged in time once up to ten times. Alternatively, it is also possible to convert the sum of
the amplitude or power envelopes of the channels V1, V2 and V3 and the sum of the
amplitude or power envelopes of the channels V4, V5 and V6 of the EKG signal to two

hearable audible signals with different carrier frequencies for a stereo reproduction of the ultra
high frequency heart activity.

In another advantageous embodiment, the ANPs and TINPs are established for the individual

EKG channels to determine the position of pathologic areas of the myocardium, whereas a
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decrease of the ANPs and an increase of the differences between TNPs indicate an
occurrence of the pathologic area of the myocardium in the given EKG channels. In doing so
it can be especially advantageous, if the ANPs and TNPs from the EKG channels measured in
the course of days, weeks, months and/or years are compared to discover the pathologic

progress.

It is also advantageous, if the ANPs and TNPs of the EKG signals obtained in and after
physical load tests are evaluated to discover an occurrence of a decreased myocardium
oxygenation, whereas a decrease of the ANPs and an increase of the differences between

TNPs indicate the decreased myocardium oxygenation during and after the load.

In another advantageous embodiment of the method according to the invention, thereafter
EKG maps are used, which EKG maps are simultaneously measured system of the EKG
channels arranged in orthogonal coordinates or arranged in another way numbering up to 300
EKG channels, the amplitude or power envelopes and the ANPs and TNPs are determined in
all these EKG channels, whereas these parameters are displayed in a three-dimensional
mairix, where each matrix element is in accordance with one value of a parameter of one
EKG contact, or with one value of the amplitude or power envelope in the same instant of

time.

The object mentioned above is achieved also with an apparatus for performing the method
described above; a principle of the apparatus will be described hereinafter. The apparatus
comprises a block of analogue amplifiers, to the output of which an input of a block of
analogue signal to digital signal converters is connected, The individual analogue amplifiers
of the block of the analogue amplifiers are connected with their inputs to the outputs of the
individual channels of the EKG signal and their outputs are connected to the inputs of the
individual converters of the analogue signal to digital signal of the block of the analogue
signal to digital signal converters. The whole of a transmission band of the chain of the
analogue amplifier block and the block of the analogue signal to digital signal converters has
a dynamic range above 100 dB in each recorded channel. A storage unit is connected to the
outputs of the individual analogue signal to digital signal converters of the block of the
analogue signal to digital signal converters. To the output of the storage unit a detector Ry, of
the R wave of the QRS complex is connected, to the output of which through a band pass
filter a unit for calculating the envelopes and averaging is connected. At least one indicating

unit is connected to the output of the unit for calculating the envelopes and averaging.
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In an advantageous embodiment of the apparatus according to the invention, the indicating

unit is a display unit for displaying the envelopes and/or calculated numerical parameters.

In another advantageous embodiment of the apparatus according to the invention, the

indicating unit is an audible signal generator.
Description of the drawings

The invention is explained in details hereinafter by means of figures included in attached
draWings, where in figure 1 the channel V3 and the power envelopes of the measured EKG
signal in various frequency ranges in two consecutive heart beats are depicted; in figure 2 the
position of R of R wave in twelve-lead EKG signal is illustrated; Figure 3A is an illustration
of the averaged amplitude envelopes in micro voits of the twelve-lead EKG signal within the
range of 500 up to 1000 Hz; Figure 3B is an illustration of smoothing the averaged amplitude
envelope of the EKG signal of the channels V1 and V6 by means of a low pass filter within
the range of 0 to 40 Hz; in figure 3C there is the EKG signal from figure 3B, from above
QRS comnplex of the EKG signal, the envelopes in the range of 500 up to 1000 Hz and the
envelopes in the range of 1000 up to 2000 Hz; in figure 4A a detection of maximums and
their time positions of the averaged amplitude envelopes of two different EKG channels is
illustrated, 0 — maximum position on the time axis, 1 — maximum value, and in figure 4B a
detection of time positions of the amplitude beginning and end on one EKG channel, 1 -
maximum, 2 — zero line, 3 — horizontal line on the level of 10 percent of the maximum, 4 -
the amplitude beginning, 5 — the amplitude end for the signal marked with light grey; in figure
5 a detection of positions and values of integral sums of the amplitude envelopes from figure
4, digit 1 shows the centre position in a half of the integral value and digit 2 shows the
integral value; in figure 6 maximum time positions for the individual channels of a healthy
volunteer H148 and of a patient D64 with a diagnosed blockade of the left Tawara bundle
branch are depicted side by side, channel V1 position was set to zero, thus the other positions
are relative in relation to the channel V1 position; in figure 7 values of maximums of the
amplitude envelopes for the individual channels from figure 6 are depicted side by side; in
figure 8 the amplitude envelopes for the individual channels V1, V2, V3, V4, V5 and V6 are
depicted; in figure 9A the channels from figure 8 are depicted, namely combined channels
V1, V2 and V3 marked with dark grey colour and combined channeis V4, V5 and V6 marked
with light grey colour; in figure 9B there is a sum of the amplitude envelopes, after the time
axis having been spread eight times, modulating carrier frequency 1 kHz — marked with dark
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grey colour, and 2 kHz — marked with light grey colour; in figure 10 the apparatus for
performing of the method according to the invention is depicted; in figure 11 a path of the
EKG signal from one sensor to the display unit for displaying the envelopes and/or the
calculated numerical parameters, and to the audible signal generator is illustrated; in upper
part of the figure 12 the courses of the QRS complex of channels V1 and V6, and in lower
part of the figure the smoothed amplitude envelopes within the range of 500~ 1000 Hz, for
the channel V1 marked with dark grey colour and for the channel V6 marked with light grey
colour, are depicted for a normal healthy heart figure 12A, for a heart with a delayed
activation of the left ventricle figure 12B and for a heart with delayed activation of the right
ventricle and part of the septum figure 12C; in figure 13 an effect of the switched off figure
13A and the switched on figure 13B, 13C, 13D and 13E biventricular stimulator is depicted in
the same format as in figure 12, black vertical lines in figure 13 represent positions of
stimulating pulses of individual heartbeats included in the average and a light grey vertical
column represents the area, in which the effect of the stimulation on the EKG signal was
eliminated, in figure 13B the left and right ventricles are stimulated in same instant, in figure
13C the stimulation of the left ventricle precedes by 20 ms, in figure 13D the stimulation of
the left ventricle precedes by 40 ms and in Fig. 13E the stimulation of the left ventricle
precedes by 60 ms; figure 14A is a time-frequency map within the range of 0 up to 400 Hz of
a healthy subject for the channels V1 and V6, the subject is the same as in figure 12A, figure
14B is a time-frequency map of a subject with late activation of the left ventricle, the subject

is the same as in figure 12B.
Examples of the invention implementation

The invention relates to the method of measuring and processing of the high frequency
activity of the electrocardiogram in selected frequency ranges above the value of 250 Hz and
the method of analysing the high frequency oscillation of the electrocardiogram, the most
important component of which is that the high frequency oscillation generated by a heart
muscle is measured. The EKG signal is scanned by several sensors on a surface of a chest and
a back and from these sensors it comes through various channels to the analysis. A frequency
range above 250 Hz is selected on the EXG signal in the measuring channels and the
amplitude or power envelopes of the EKG signal in the selected frequency range are
calculated. In figure 1 the power envelopes of the measured EKG signal lead V3 inranges of
150 up to 250 Hz, which is a common range for HF EKG, 500 up to 1000 Hz and 1500 up to
2000 Hz, beat by beat. The range of 500 up to 1000 Hz shows a considerably better in detail
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depicted morphology and time delimitation of the power envelopes in the QRS complex area
then the lower range of 150 up to 250 Hz. But in fact it is a case of the EKG signal that is not
averaged and is displayed beat by beat. In figure 2 the R, of R wave position in the twelve-
lead EKG signal is depicted. For determination the Ry, of R wave position it is important for it
to be in the same position in all consecutive R waves of the EKG signal, which ensures a
synchrony for averaging. The amplitude or power envelopes of the EKG signal are calculated
by means of Hilbert transformation or by filtration, raising the EKG signal to the power of
two and smoothing. Figure 3 is a demonstration of the amplitude envelopes in micro volts of
the twelve-lead EKG signal. In this case it is an average of 846 heart beats and the individual
envelopes from the twelve-lead EKG are depicted one over the other. A demonstration of
smoothing the averaged amplitude envelope of the EKG signal of the channel V1 (marked
with dark grey colour) and the channel V6 (marked with light grey colour) by means of a low
pass filter in the range of O to 40 Hz is shown in figures 3B and 3C. The smoothing and the
number of depicted leads reduction enable better arranged identification of the envelopes
from the selected leads. The mode of representation in figures 3B and 3C, where dark grey
colour corresponds to the lead V1 and light grey colour corresponds to lead V6, enables an
advantageous identification of a dyssynchrony of the right ventricle, the septum and the
lateral wall of the left ventricle of the myocardium. The amplitude envelope of the lead V1
precedes the amplitude envelope of the lead V6, this situation being interpreted as an earlier
occurrence of an electric depolarization in the septum and the right ventricle before the

electric depolarization occurrence in the lateral wall of the left ventricle.

Alternatively the averaged amplitude or power envelopes of the EKG signal from the
individual channels can be converted to a series of numerical parameters defining amplitudes,
powers and their time distribution in the individual channels or in sums of the EKG signals
from the individual channels. In doing so the numerical parameters mcluding amplitudes or
powers in the individual channels or in the sum of the selected channels and in the individual
frequency ranges are calculated as maximums or integral sums in a selected period of time at
interval of 300 ms before and 600 ms after the Ry, of R wave position of QRS complex. In
figure 4A a detection of the maximums and their time positions of the averaged amplitude
envelopes within the range of 500 up to 1000 Hz of two different EKG channels is illustrated,
0 — maximum position, 1 — maximum value. In figure 4B a detection of the time positions of
the amplitude beginning and end of the EKG channel marked with light grey colour is

depicted, 1 — maximum, 2 — zero line, 3 — horizontal line at the Ievel of 10 percent of the



10

15

20

25

30

WO 2015/090260 PCT/CZ2014/000163

maximum, 4 —beginning of the amplitude marked with light grey colour, 5 —end of the
amplitude marked with light grey colour. In figure 5 a detection of centres positions and
values of the integral sums of the amplitude envelopes within the range of 500 up to 1000 Hz
of two different EKG channels from figure 4 is illustrated, 1 - the centre of the EKG channel
marked with light grey colour determined in a half of the value of the integral sum marked
with 2.

Furthermore the numerical parameters can be normalized, The normalization enables
comparison of numerical parameters from various leads, from various frequencies or even
from various measurements of one or more subjects. The process proceeds in such a way, that
the numerical parameters defining amplitudes, powers and their time distribution are used,
where the parameter P1 for the selected frequency range, the channel or the sum of the EKG
signals from several channels is normalized by the second parameter P2 for another frequency
range or another channel or another sum of the EKG signals. The normalized parameter is Pn
= P1/P,, where Py is the normalized parameter, Py is the parameter in the first frequency range

and P is the parameter in the second frequency range.

The numerical parameters can be depicted in a diagram, where the individual channels, i. e.
V1,V2,V3,V4,V5 and V6 are on the x-axis and amplitudes or powers or time distribution of
the amplitudes or powers are on the y-axis. Exemplary measurements of the EKG signal
provided the following resuits:

In figure 6 the time positions of the amplitude envelopes maximums within the range of 500 —
1000 Hz in milliseconds for the individual channels of a healthy volunteer H148 and of a
patient with diagnosed blockade of the left bundle D64 are depicted. In figure 7 the values of
the amplitude envelopes maximums in milivolts for the individual channels of the same
healthy volunteer H148 and the same patient with diagnosed blockade of the left bundle D64
are depicted side by side.

For practical use of the method for the EKG signal processing it proved to be advantageous,
when the amplitude or power envelopes of the individual channels or the sum of the selected
channels were converted to a hearable audio signal in such a way, that the carrier frequency in
the audible frequency range of 300 up to 15000 Hz was modulated by the amplitude or power
envelope of the individual channels or the sum of the selected channels, whereas these

envelopes were prolonged once up to ten times in the time area.
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It proved to be especially practical for instance a conversion of the sum of the amplitude or
power envelopes of the channels V1, V2 and V3 and the sum of the amplitude or power
envelopes of the channels V4, V5 and V6 to two hearable audio signals with different carrier
frequencies, which resulted in a stereophonic reproduction of the ultra high frequency heart
activity. In figure 8 the amplitude envelopes for the individual channels V1 to V6 in the
frequency range of 500 — 1000 Hz are depicted. In figure 9A the amplitude envelopes of the
sum of the channels V1, V2 and V3 are marked with dark grey colour and the envelopes of
the sum of the channels V4, V5 and V6 are marked with light grey colour. These envelopes
modulate the carrier frequency 1 kHz — darker shade of grey in figure 9B and the carrier
frequency 2 kHz — lighter shade of gray. The time axis in figure 9B is eight times spread when
compared with figure 9A. And so the resulting modulated audio signal does not take only 100
ms but it takes 800 ms, which is the period suitable for being registered by human hearing.

The apparatus for performing the method described above is illustrated in figure 10. Hereisa
block 1 of analogue amplifiers, to the output of which the input of a block 3 of analogue
signal to digital signal converters is connected. The block 1 of the analogue amplifiers is
connected with its input to outputs of individual sensors 5 of the EKG signal. The chain of the
sensors 3 of the block 1 of the analogue amplifiers and the block 3 of the analogue signal to
digital signal converters has a dynamic range above 100 dB in the whole transmission band.
To the output of the block 3 of the analogue signal to digital signal converters a storage unit 6
is connected, to the output of which a detector 7 of the Ry, of R wave of QRS complex is
connected. To the output of the detector 7 of the Ry, of R wave of the QRS complex through a
band pass filter 8 a unit 9 for computing envelopes and averaging is connected, to the outputs
of which indicating units are connected. These indicating units are a display unit 10 for

displaying the envelopes and/or the calculated numerical parameters and a generator 11 of

audio signal.

In figure 11 a path of the EKG signal from one sensor 3 to the display unit 10 for displaying
the envelopes and/or the calculated numerical parameters and to the generator 11 of the audio
signal is depicted. From each used sensor 3 the EKG signal goes through a separate channel
as far as the unit 9 for computing envelopes and averaging, where a superposing of the signals
from the individual sensors S can occur according to requirements of a device operator. The
sensor 5 of the EKG signal is connected to the analogue amplifier 2, to the output of which
the input of the analogue signal to digital signal converter 4 is connected. To the output of the

analogue signal to digital signal converter 4 the storage unit 6 is connected, to the output of
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which the detector 7 of the Ry, of R wave of the QRS complex is connected. To the output of
the detector 7 of the Ry, of R wave of the QRS complex through a band pass filter 8 the unit 9
for the envelopes computing and averaging is connected, to the outputs of which the display
unit 10 for displaying the envelopes and/or the calculated numerical parameters and the

generator 11 of the audio signal are connected.

In the digitalized EKG signal characteristics of very weak high frequency oscillations of the
EKG signal are analysed. Voltage levels of those signals are so Jow and on so high
frequencies, that neither common EKG apparatuses nor the high frequency EKG or the EKG
with high resolution are able to record either detect them in sufficient quality. For an
evaluation of particular heart activities the Ry, of R wave position in the QRS complex of
EKG is detected. A demonstration of the Ry, position in the twelve-lead EKG signal is in
figure 2. On the left side of figure 2 a course of the EKG signal from the individual sensors §
is depicted on the time axis, whereas the scanned voltage is on the vertical axis and the
scanned time is on the horizontal axis. The distance between two adjacent Ry, positions is
approximately 0,8 s. One Ry, position is then enlarged on the right side of figure 2, whereas
the signals from the individual sensors 3 are superimposed one on top of the other. The time
interval here is about + 80 ms. The EKG signal is further processed in such a way that the
signals from the individual sensors 3 are converted to the amplitude or power envelopes. The
amplitude or power envelopes frequency range is selected anywhere within the range from 0,2
Hz to the transmission bandwidth of the UHF EKG apparatus, it means for instance within the

ranges of 0,2 — 80 Hz, 250 — 500 Hz, 500 — 1000 Hz, 500 — 1500 Hz, 1500 — 2000 Hz and
others.

For the calculation of the amplitude or power envelopes within the defined frequency range a
procedure using Hilbert transformation or a procedure using a filtration can be used with
subsequent raising the EK(G signal to the power of two and smoothing. A demonstration of
the UHF EKG signal for the channel V3 and of the power envelope within the ranges of 150 —
250 Hz, 500 — 1000 Hz and 1500 — 2000 Hz is shown in figure 1.

To increase the signal-to-noise ratio of very weak ultra high frequency oscillations, particular
amplitude or power envelopes in appropriate frequency range and appropriate channel are
averaged according to the detected Ry, of R wave position. In doing so, the averaging can be
performed alternatively with an exclusion of irregular, pathological and artificial heart beats

or on the contrary with a selection of them. With this procedure it is possible to monitor the
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ultra high frequency oscillation better. Further according to this invention, the amplitude or
power envelopes for different EKG signals from the individual sensors 5 are distinguished
with different colour shades or degrees of gray for a graphical representation. The graphical
representation is made up by particular courses of the amplitude or power envelopes from the
EKG channels or their sums. Figure 3A shows the averaged amplitude envelopes of the EKG
signal within the range of 500 up to 1000 Hz, the particular EKG channels are distinguished
by shades of grey. Figures 3B and 3C show the amplitude envelopes of the EKG signal of the
channel V1 (marked with darker gray) and the channel V6 (marked with lighter gray)
smoothed by means of a low pass filter within the range of 0 to 40 Hz.

Further according to this invention, the EKG signal is divided into consecutive frequency
ranges within the frequency limits of 0 to 2000 Hz. In those ranges the averaged amplitude or
power envelopes of the EKG signal are determined according to this invention. The calculated
data are arranged into time-frequency matrixes, each row of the matrix being on the time axis
at interval from Rm — I to Rm + J, where I and J are time intervals, each within the range of
50 up to 1500 ms. And so each matrix row represents a course of the averaged amplitude or
power envelope at interval Rm —1 to Rm + J in the selected frequency range. For a more
advantageous interpretation of the time-frequency inatrixes, the time course of a frequency

power in each frequency range is multiplied by a normalization coefficient K according to the

following function:
K= 1/(Z(a)/m)

where n is a number of values of one matrix row and g; is ith element of the same matrix row,
and therethrough enhancement of low powers of the signal on higher frequencies is reached.
The time — frequency map after the normalization advantageously is displayed in such a way
that degrees of gray or colour shades according to a set colour chart are assigned to the

individual matrix values. A demonstration of the time — frequency map is in figure 14.

For the amplitude or power envelopes the numerical parameters are further determined, which
parameters describe the amplitudes, the powers and their time distribution in the individual
EKG signals or in sums of them.

The numerical parameters including the amplitudes and the powers in the individual signals or
in the sum of the selected signals in the individual frequency ranges are calculated as

maximums or integral sums in the selected period of time within the interval of 300 ms before
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and 600 ms after the Ry, of R wave position of the QRS complex. Figure 4A shows an
example of detection of the maximum from two signals in the delimited interval of 100 ms
before the Ry position and 100 ms after the Ry, position. Figure 5 then shows an example of
the centre and the integral sum of the amplitude envelope of the same two signals in the
delimited interval of 100 ms before the Ry, position and 100 ms after the Ry, position.

‘The numerical parameters in one frequency range can be further normalized by the parameters
in the second frequency range by formula P, = P;/P,, where P, is the nermalized parameter,
P, is the parameter in the first frequency range and P» is the parameter in the second
frequency range. The normalization enables to eliminate different levels of amplification and

different characteristics of the sensors § scanning the EKG signal.

An example of the possibility to determine the electric dyssynchrony of the myocardium by
means of the numerical parameters is in figure 12. The parameter DPij in milliseconds or in
another unit of time is determined from differences of the TNPs for the amplitude or power
envelopes position in the individual channels of the EKG signal. The parameter DPijj is
determined as a difference of the TNPs for the channel i and the channel j. Higher absolute
values of the parameters DPij mean a longer time interval between the parameters and thus
also the higher electric dyssynchrony of the myocardium. The parameters DPij are further
used for a selection of patients suitable for the implementation of the biventricular or multi-
chamber stimulator. An example of the patient suitable for the biventricular stimulator
implementation is in figure 12B. The amplitude envelope maximum from the channel V6 is
delayed in relation to the channel V1 maximum by 80 ms. Thus the parameter DP16 is 80 ms.
The channel V1 includes first of all electric activation of the right ventricle and the septum,
the channel V6 includes electric activation of the lateral wall of the left ventricle. The
parameter DP16 can be interpreted as the delay of the electric activation of the left ventricle
lateral wall by 80 ms. A patient with this value of the parameter DP16 is suitable for the
biventricular stimulator implementation on the ground of proved electric dyssynchrony of the
myocardium. An example of a patient with the delayed activation of the right ventricle and a
part of the septum is shown in figure 12C. The amplitude envelope maximum of the channel
V1 marked with dark gray colour is delayed in relation to the amplitude envelope maximum
of the channel V6. The channel V1 envelope has two local maximums, the first of which
coincides with the maximum of the envelope of the channel V6. It means, that the electric
depolarization of the myocardium proceeds at the beginning synchronously with subsequent

separate activation of the electric depolarization in the area of the septum and the right
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ventricle. For patients with already implemented stimulator, the parameters DPjj are used to
optimise the stimulator setting. The optimization proceeds in such a way that the stimulations
in different heart ventricles are time-shifted in relation to each other so that the parameters
DPij may be as low as possible. The switched off biventricular stimulator is shown in figure
13A. A demonstration of a change of the parameter DP16 after switching on the biventricular
stimulator and of a dual setting of the stimulator parameters is depicted in figures 13B and
13C. The synchronous stimulation of the left and the right ventricles is shown in figure 13B.
In figure 13C the stimulation of the left ventricle precedes the stimulation of the right
ventricle by 20 ms. In this case the parameter DP16 is lower than in the synchronous

stimulation and the setting of the stimulator is more advantageous.

In another advantageous embodiment of the method of the EKG signal processing, with
patients with implanted multi-chamber stimulator the stimulating pulses positions on the time
axis and their distance from the values of the TNPs for positions of the amplitude or power
envelopes in the individual channels of the EKG signal are determined — parameter Dsi in
milliseconds or in another unit of time, where sth stimulating pulse and ith EKG channe!l are
defined. Example of various settings of the biventricular stimulator is shown in figures 13B,
13C, 13D and 13E. Number ! defines the instant of stimulation in the right ventricle, number
2 defines the instant of stimulation in the left ventricle. In figure 13B the stimulations in the
right and the left ventricles 1 and 2 arise at the same instant of time, in figure 13C the
stimulation 2 in the left ventricle precedes the stimulation 1 in the right ventricle by 20 ms, in
figure 13D the stimulation 2 in the left ventricle precedes the stimulation 1 in the right
ventricle by 40 ms and in figure 13E the stimulation 2 in the left ventricle precedes the
stimulation 1 in the right ventricle by 60 ms. The parameters D11 and D26 are depicted in
figures 13B, 13C, 13D and 13E. Parameters Dsi indicate a speed of transmission of the
stimulating signal into the heart area determinate by the EKG channel. This way it is possible
to advantageously evaluate the suitability of the stimulating electrodes position and the
characteristics of the electric stimulation propagation in the heart muscle. Lower value of the
parameter Dsi signifies faster propagation of the stimulating signal. Higher value of Dsi
signifies slower conduction of the stimulating pulse. The slower conduction can be a
consequence of an incorrect position of the stimulating electrode or of a slowed-down
conduction of the impulse through the heart muscle. When a higher value of preceding the
stimulation in the left ventricle in relation to the right ventricle is set, e. g. 60 ms in figure

13E, it is possible to evaluate a penetration of the stimulating pulse 2 from the left ventricle to
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the right ventricle and the septum according to parameters Dsi even before the activation of
the right ventricle and the septum by the respective stimulating pulse 1. In such a case the
parameter D11 value is lowered, as can be seen in figures 13D and 13E, and thus the time
interval between the right ventricle and the septum stimulation and the amplitude envelope

maximum in the channel V1, that describes this area best, shortens.

Further according to the invention, the amplitude or power envelopes of the individual
channels or the sum of selected channels can be converted to a hearable audio signal in such a
way, that the carrier frequency in an audible band within the range of 300 up to 15000 Hz is
modulated by the amplitude or power envelope of the individual channels or the sum of the
selected channels, whereas these envelopes are spread out in time once up to ten times. The

signal is brought to the audio signal generator 11, which enables the EKG analysis by ears.

For a stereophonic reproduction of the ultra high frequency oscillation of EKG the sum of the
amplitude or power envelopes of the channels V1, V2 and V3 and the sum of the amplitude or
power envelopes of the channels V4, V5 and V6 of the EKG signal are used. These sums are
converted to two hearable audio signals with different carrier frequencies for stereophonic
reproduction of the ultra high frequency heart activity in the audio signal generator 11. A

creation of the signal for the stereophonic reproduction is illustrated in figures 8 and 9.

The measuring and processing of the ultra high frequency EKG oscillation according to this
invention provide quite new information on an electric activity of a heart muscle. This
information is closely connected with a short depolarizing phase at the beginning of an action
potential. The action potential propagates gradually in contractile cells. This process of the
propagation is recorded by the apparatus according to this invention. The depolarization
initiates a mechanical contraction of the cells. Thus the measuring of the depolarizing phase
of the action potentials is closely connected with timing and spatial characteristics of a

mechanical activity of the heart.

The apparatus for measuring the ultra high frequency signal of the electrocardiograph and the
method of its processing according to this invention enable the early, non-invasive and
financially modest diagnostics of serious heart diseases. The analysis of the ultra high
frequency components of the EKG signal also enables early identification of different types of
pathologies of the ventricle depolarization, e. g. in case of cardiac ischemia, in disorders of
heart tissue conductivity, in identification of after-heart attack states and in a stratification of

risks of sudden cardiac death or a necessity of ICD implementation. A quantification of the
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ventricles dyssynchrony is the particularly important sphere of the invention utilization. The
current method of this pathological dysfunction description is largely based on a shape and a
width of the QRS complex of the EKG signal. This method is commonly considered to be
insufficient. Nevertheless, it is the main criterion, because no other sufficiently accurate and
available technologies are at the disposal. The distribution of the high frequency oscillation of
the EKG signal in the individual leads according to this invention is able to quantify with a
great precision the timing of the electric depolarization of the ventricles. The distribution of
the amplitude envelopes of a healthy synchronous heart is shown in figure 12A, of a heart
with a delayed eleciric activation of the left ventricle in figure 12B, and of a heart with a
delayed electric activation of the right ventricle caused by a blockade of the right Tawara
bundle branch in figure 12C. The dark gray colour represents the lead V1, light gray colour
represents the lead V6, the gray colour represents overlapping of the envelopes. By means of
this invention the délay of the electric activation of one of the ventricles in milliseconds can
also be determined. In figures 12B and 12C the delay time is defined by vertical black lines
with a time length of 80 ms. This datum is not achievable by any other technology.

The dyssynchrony of the ventricles can be reduced by the biventricular stimulator
implantation. At present there are no fully unified and sufficient criteria for the selection of
patients suitable for this technology. It is very difficult to determine success rate of the
biventricular stimulation as well. Examples of the invention applications in determining
patients suitable for the biventricular stimulation and verification of the stimulation effect are
shown in figure 13. The figure shows the averaged amplitude envelopes within the range of
500 — 1000 Hz, dark gray colour represents the lead V1, light gray colour represents the lead
V6. A candidate with a considerable dyssynchrony of the ventricles 100 ms suitable for the
stimulation is in figure 13A. The envelopes, when the stimulation has been switched on, are
depicted in figure 13B. With the stimulation an increase of overlapping the amplitudes from
the both leads occurred, and thus the electric synchronization was improved. Another
advantageous application of the invention is the possibility to optimize the setting of the
biventricular stimulator parameters according to the degree of the overlapping the envelopes

or powers from the individual EKG channels.

Industrial applicability

Applicability in a clinical medicine is exceptionally high first of all because of an easiness of

the ultra high frequency EKG signal measuring that differs in no way from the standard
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measuring of the EKG signal, and because of a high added information value on a time
distribution of a depolarization phase of contractile cells of veﬁtricles, which is not available
in common EKG record. The parameters obtained by means of this invention provide
important information for the determination of the electric inhomogeneity and dyssynchrony

of myocardium, selection of patients for the stimulators implementation and optimization of

the stimulators setting.
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Claims

. A method of an EKG signal processing, characterized in that

- afrequency range above the frequency of 250 Hz is selected on the EKG signal in
measuring channels,

— from this component of the EKG signal in the selected frequency range amplitude
or power envelopes of the EKG signal are calculated,

— these amplitude or power envelopes of the EKG signal are averaged with respect
to Ry, of R wave position to increase signal-to-noise ratio,

— after which the envelopes of the EKG signal from the individual channels obtained

this way are compared on the time axis.

. The method of the EKG signal processing according to claim 1, characterized in that

— amedian or mean value in the interval of minimum 100 ms after the Ry, position
up to 300 ms after the Rm position is subtracted from the averaged amplitude or
power envelope of the EKG signal to remove a noise background,

— negative values of the envelopes are set to zero after subtracting the median or the

mean value,

. The method of the EKG signal processing according to claim 1, characterized in that

the amplitude or power envelopes of the EKG signal are calculated by means of

Hilbert transformation.

. The method of the EKG signal processing according to claim 1, characterized in that

the amplitude envelopes are calculated by means of the EKG signal filtering,

converting the signal obtained this way to an absolute value and smoothing of it.

. The method of the EKG signal processing according to claim 1, characterized in that

the power envelopes of the EKG signal are calculated by means of the EKG signal
filtering, raising the EKG signal to the power of two and smoothing of it.

. The method of the EKG signal processing according to claim 1, characterized in that

the averaged amplitude or power envelopes of the EKG signal are smoothed within the
range of 0 to 5 Hz up to 0 to 200 Hz by means of a low pass filter.

. The method of the EKG signal processing according to claim 1, characterized in that

for the purpose of a comparison of the averaged amplitude or power envelopes of the

EKG signal from the individual channels on the time axis, the amplitude or power



10

15

20

25

30

WO 2015/090260 PCT/CZ2014/000163

19

envelopes of the EKG signal are displayed on a display unit, whereas a colour or a

degree of shade is assigned to the displayed signal from each individual channel.

. The method of the EKG signal processing according to claim 1, characterized in that

the averaged amplitude or power envelopes of the EKG signal within the range of 300
ms before and 600 ms after the position of Ry of the R wave of a QRS complex from
the individual channels are converted to a series of numerical parameters, where the
numerical parameters include amplitude numerical parameters ANPs from a group
containing a maximum of the signal amplitude, a maximum of the signal power, an
integral of the amplitude envelope of the signal and an integral of the power envelope
of the signal in the mdividual channels or in sums of the individual channels and in
frequency ranges, and time numerical parameters TNPs from a group containing time
positions of the amplitude envelopes maximums, time positions of the amplitude
envelopes centres, time positions of the amplitude envelopes beginnings and time
positions of the amplitude envelopes endings in the individual channels or in the sums
of the individual channels and in frequency ranges, whereas the time position of the
beginning of the amplitude or the power in one channel is determined as the first value
exceeding the predetermined limit, the time position of the end of the amplitude or the
power in one channel is determined as the last value exceeding the predetermined limit
and the predetermined limit is determined as a percentage of the amplitude or the

power maximum, namely within the range of 1 up to 25 percent.

. The method of the EKG signal processing according to claim 8, characterized in that

the numerical parameters are normalized, whereas the numerical parameter P1 for a
selected frequency range, a channel or a sum of the EKG signals from several
channels is normalized by the second numerical parameter P2 for another frequency
range or another channel or another sum of the EKG signals, and whereas the

normalized numerical parameter Pn = P,/P,.

10. The method of the EKG signal processing according to any of the preceding claims,

characterized in that the electric dyssynchrony of ventricles in units of time is
defined as a difference between the TNPs of the selected EKG channels, and this
difference is further used for a selection of patients suitable for the multi-chamber
stimulator implementation or with the patients with already implemented stimulator
for an optimization of the stimulator function setting by time shifting the stimuli

activation in the chambers to reach the minimum absolute values of this difference .
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11. The method of the EKG signal processing according to any of the preceding claims,

characterized in that with the patients with multi-chamber stimulator first of all

the position of stimulating pulses on the time axis and their distance D from the
TNPs values in the individual channels of the EKG signal in the units of time is
determined,

after which a suitability of the stimulating electrodes positions and characteristics
of the electric stimulation in the heart muscle propagation are evaluated, whereas a
shorter distance D corresponds to a higher speed of transmission of the stimulating
signal into the heart area delimitated by the EKXG channel.

12. The method of the EKG signal processing according to any of the preceding claims,

characterized in that

the EKG signal is divided into individual frequency ranges within the limits of
frequency from 0 to 2000 Hz to determine the averaged amplitude or power
envelopes of the EKG signal in each individual frequency range,

the calculated data are arranged in time - frequency matrices, each row of such
matrix is on the time axis within the interval from Rm —I1to Rm +J, where I and J
are time intervals, each within the limits of 50 up to 1500 ms, where each row of
the matrix thus represents a course of the averaged envelope of the amplitude or
the power within the limits of Rm — I and Rm + J in the selected frequency range,
whereas the frequency ranges of the individual matrix rows are shifted in relation
to each other,

to enhance low powers of the signal on higher frequencies the course of the
frequency power or amplitude in each frequency range is multiplied by a

normalization coefficient K according to the function:
- K=1/(Z(a)m),

where n is a number of values of one matrix row and a; is ith matrix element of the
same matrix row, and whereas
degrees of gray or colour shades according to a set colour chart are assigned to the

individual matrix values on the time - frequency map after the normalization.

13. The method of the EK(G signal processing according to any of the preceding claims,

characterized in that the amplitude or power envelopes of the individual channels or

the sum of the selected channels are converted to a hearable audio signal in such a way
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that the carrier frequency in audible frequency range within the limits of 300 up to
15000 Hz is modulated by the amplitude or power envelope of the individual channels
or the sum of the selected channels, whereas these envelopes are extended in time

once up to ten times.

The method of the EKG signal processing according to claim 13, characterized in
that the sum of the amplitude or power envelopes of the channels V1, V2 and V3 or a
combination of them and the sum of the amplitude or power envelopes of the channels
V4, V5 and V6 of the EKG signal or a combination of them are converted to two
hearable audio signals with different carrier frequencies for a stereophonic

reproduction of the ultra high frequency heart activity.

The method of the EKG signal processing according to any of the preceding claims,
characterized in that for the determination of the pathological areas of myocardium
position the ANPs and TNPs for the individual EKG channels are determined, whereas
a decrease of the ANPs parameters values and an increase of differences between the
TNPs indicate an occurrence of the myocardium pathology in area given by the EKG

channels.

The method of the EKG signal processing according to any of the preceding claims,
characterized in that for the pathological progression determination the ANPs and
TNPs from the EKG channels, recorded over a period of days, weeks, months and/or
years, are compared.

The method of the EKG signal processing according to any of the preceding claims,
characterized in that for uncovering the occurrence of the myocardium decreased
oxygenation during and after a physical load the ANPs and TNPs of the EKG signals
obtained during the physical load tests are evaluated, whereas a decrease of the ANPs
values and increase of differences between the TNPs indicate the decrease the

myocardium oxygenation during and after the load.

The method of the EKG signal processing according to any of the preceding claims,
characterized in that the EKG maps are used, which EKG map is simultaneously
measured system of the EKG channels arranged in orthogonal coordinates or arranged
in another way in the number of up to 300 EKG channels, the amplitude or power
envelopes and the ANPs and TNPs are determined in all these EKG channels,

whereas these parameters are displayed in a three-dimensional matrix, where each
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matrix element is in accordance with one value of a parameter of one EKG contact, or

with one value of the amplitude or power envelope in the same instant of time.

An apparatus for performing the method according to claims 1 to 18, characterized in
that it contains block (1) of analogue amplifiers (2), to an output of which an input of
a block (3) of an analogue signal to digital signal converters (4) is connected, where
the individual analogue amplifiers (2) of the block (1) of the analogue amplifiers (2)
are connected with their inputs to the outputs of the individual channels (5) of the
EKG signal and with their outputs to the inputs of the individual analogue signal to
digital signal converters (4) of the block (3) of the analogue signal to digital signal
converters (4), whereas the chain of sensors (5), block (1) of the analogue amplifiers
and the block (3) of the analogue signal to digital signal converters has a dynamic
range above 100 dB within the whole transmission band, to the outputs of the
individual analogue signal to digital signal converters (4) of the block (3) of the
analogue signal to digital signal converters (4) a storage unit (6) is connected, to the
output of which a detector (7) of Ry, of R wave of QRS complex is connected, to the
output of which through a band pass filter (8) a unit (9) for calculating the envelopes
and averaging is connected, to the output of which at least one indicating unit is

connected.

The apparatus according to claim 19 characterized in that the indication unit is a
display unit (10} for displaying the envelopes and/or the calculated numerical

parameters.

The apparatus according to claim 19 characterized in that the indication unit is an

audio signal generator (11).



WO 2015/090260 PCT/CZ2014/000163

1/17
|1 NORM V3
|2e.4 150-250 Hz
[1e4 500-1000 Hz
J1e-6 ‘ 1500-2000 Hz
100 ms POWER ENVELOPE
Fig. 1
I
—
I




WO 2015/090260 PCT/CZ2014/000163
217

x 107
8 Ll

31 oos 006 004 -002 0 0.02 0.04[ 0.06 003 01

40 ms 0
Fig. 3A

2 x 10° . . ‘ ; : . ' ‘ .

7 E ;] 1
6 | i

| | |
5F ] i
41 -

t

_. ] 1 L ¢t t
.5.1 008 006 -0.04 -102 0 002 o004 o08f008 01

4 5
Fig. 3B

2




WO 2015/090260 PCT/CZ2014/000163
317

QRS complex
1 mV
V1 ve 40ms
500-1000 Hz Vemax = 508 rmsec v
Vimax = -2.9,55 msec. 1 _ S
! i d
|
\TA VB »
1000-2000 Hz [ VBmax =652 msec | VB

T
' Ylmax = -2 msec

|
|
!

0.1V




WO 2015/090260 PCT/CZ2014/000163
4/17

X1
8

]
-?M 008 -006 -004 -0.02 & 002 0.04| 006 0068 01

' 0
40 ms
Fig. 4A

waé ' ' . ‘ .

7 § = 1
6 : .

| s

5t i

a4l R

3 5 -~

. X t 1 t 1 X L
-}3.1 008 -0.06 -0.04 -102 0 002 004 006]008 01

4 5
Fig. 4B



WO 2015/090260 PCT/CZ2014/000163

NORM 1

—2

0.8
06F

047

0.2

L

4.2 X 1 1 L 1 I )
-0.1 008 -0.06 -004 -002 QO 002 Q)04 0068 G6.08 0.1

I 1
40 ms
Fig. S
time position of maximus of amplitude
ms envelopes - relative to V1
60
40
= D64
20
mH148
0 , .
Vi
-20

Fig. 6



WO 2015/090260 PCT/CZ2014/000163
6/17

},I,V maximums of amplitude envelopes

& D64
mH148

Fig. 7

V1 ~ AA_MMMW'\M___I‘]O 24
V2 A_MW'WJ‘MM\.\__\
Va Yy L
va YV VY W
vs L MM

VG Pt el VP




WO 2015/090260 PCT/CZ2014/000163

0.014 ¥ T T - T T T T T T

0.042

001F , -

T

- {1 ETY

0.004

0.002

0 X 1 r : 1 . "w
61 -008 -006 -0.04 -0.02 a 002 004 006 008 0.1

I
100 ms

Fig. 9A

0014 L] 1 T i ) LY 1 ] ¥ L) L]

0.2+

0.01

0.008

0.006

0.004

g.002

i 1 1 L L i (| L 1 - E 1
05 -04 03 62 61 0 01 02 903 04 05

100 ms
Fig. 9B



WO 2015/090260 PCT/CZ2014/000163

8/17

-
VAl
x_/\\o)
EAY
N
”/\@
N

Fig. 10
10 ™
(0 el
)
] 7
» > » W I |

Q\ i z 4 V4 S"’ T

5?JJ ? > G '.?) 8 9



WO 2015/090260 PCT/CZ2014/000163

917

E3
¥

W1

F{ WG
08 ;

D&

04
02

|
//

A
~

-1200 -380 -40.10 0.0 msec a0 80.0 1200

T 1 i — — v maTe]
5 i ; V6
VBmax =-1,8 msec ¢

Fig. 12A



WO 2015/090260

E2

B

-1200

225

1,8

th

0.0

PCT/CZ2014/000163

800

-40.8 {0 mses 40.0 86.0 1200

V1 V6
- DP16

Yimax

P

-120.0 ~30.0

~40.0 0.0 mgee 40.0 84.0 120.0

Fig. 12B



WO 2015/090260 PCT/CZ2014/000163
11/17

B3 |
15 i
I

1200 -80.0 -40.0 0.0 msec 408 80.0 1200
V6 V1
V1|._DP16
- ) V1

E-4 : Vimax = 61,6 msec V6
[T V6max =-10.2 msec

il
il

k| - | S S— S —
I

7 |- — S T A ——

= - 4 S [

0.0 . H- s
1200 -B0.0 =40.0 0.0 msec 40.0 gOH 120.0

Fig. 12C



WO 2015/090260 PCT/CZ2014/000163
12/17

a1.2
144
-1.6

1200 -B0.6 400 08 msed 4640 en.x 1200

Vi ppig VO

X ' Yimax = -65 msec
| d s -

5=

U‘U = =i L _ A - P . _ ___
-12049 <800 «40.0 0.0 mset 40.0 204 1200

stim OFF
Fig. 13A



WO 2015/090260 PCT/CZ2014/000163

m
—t

. =2
53 e o] T a e S

...
e 11 3 O0 R e b 7o ED

(3
ek
- -

Rafarars

4 ¥

A g e ) ALY
Ay AT O e D e (0 O D b LD TO D

1

>

o
[

-

mna -80.0 «44.0 0.0 mssc 40.0 B30 t20.0

E3

Wi
1.8}

R TR TEEaERT YT

1.4

1.2

L

ngl- | S Y S .

BB

)

0.2

-{e0 -gan -40.0 0.0 msae 400 B0 f20m

2

stim on, VV delay 0
Fig. 13B



PCT/CZ2014/000163

WO 2015/090260

14/17

W1

7.6 msec

126.0

800

-40.0 6.0 meet (i}

-80.0

1

2

stim on, VV delay 20 ms

Fig. 13C



WO 2015/090260 PCT/CZ2014/000163

15/17

-1200 =800 400 0.0 msec 400 Bl & 1200

V1
; {VB
VBmax =-9 msec
-1200 -40.0 0.0 msee 10.0 80.0 1200

2 1
|

stim on, VV delay 40 ms
Fig. 13D



WO 2015/090260 PCT/CZ2014/000163
16/17

400 800 $20.0

| T W1

i b . '
o Yomax =5 msec VB

msec

1280 -80.0 -40.0 D.0omsec 40.0 80.0 1200

I
stim on, VV delay 60 ms

Fig. 13E



PCT/CZ2014/000163

WO 2015/090260

17/17

=2
N o 0D

o o~ -
{z1] Aouanban

100 ms

B

100 ms

A

Fig. 14



[ i (S RIR) A ()

RIB(ERR)AGE)

HA R E(ZTRR)AGE)

FRI& B A

RAAN

£

EKGESAB A EMATRITIZE ENER
EP3082589A2 K (2E)R
EP2014872643 iR

USTAV PRISTROJOVE TECHNY AV CR V 1%
R BB 7E 5 /R fakultni = X AR 45 E B
BMEN T

ZE & piistrof TECHNIKY AV CR , V.LI.
FakultnaBE BT ST. 2 fevBrné

B2 & pFistro TECHNIKY AV CR , V.L.I.
FakultnaB=pzST. 2 fevBrné

JURAK PAVEL
HALAMEK JOSEF
VONDRA VLASTIMIL
VISCOR IVO

KLIMES PETR
PLESINGER FILIP
LEINVEBER PAVEL
VESELY PETR
REICHLOVA TEREZA
SUMBERA JOSEF
MELUZIN JAROSLAV
ZEMAN KAREL
NOVAK MIROSLAV
LIPOLDOVA JOLANA
KUNA MICHAL

JURAK, PAVEL
HALAMEK, JOSEF
VONDRA, VLASTIMIL
VISCOR, IVO
KLIMES, PETR
PLESINGER, FILIP
LEINVEBER, PAVEL
VESELY, PETR
REICHLOVA, TEREZA
SUMBERA, JOSEF
MELUZIN, JAROSLAV
ZEMAN, KAREL
NOVAK, MIROSLAV
LIPOLDOVA, JOLANA
KUNA, MICHAL

2016-10-26

2014-12-19

A61B5/0472 A61B5/00 A61B5/0456 A61B5/0428 A61B5/02 A61B5/0408

patsnap

A61B5/02028 A61B5/04085 A61B5/0428 A61B5/0456 A61B5/0472 A61B5/4884 A61B5/7225 A61B5
/7246 A61B5/7253 A61B5/7282 A61B5/7415 A61B5/04014 A61B5/04017 A61B5/04286 A61B5/044

A61B5/7203

20131052 2013-12-20 CZ
2014351 2014-05-22 CZ


https://share-analytics.zhihuiya.com/view/36ecbf91-0f34-4348-953a-b0ce54f845cf

SNER4E Espacenet

BEGF)
RERSR-—MHBEBIAEDLN1000 NN SCENELBEBARS T
250 ZEHSEE ARSI , ATNEMS M OERBEMENS . £
ECGESHUHF , RIEREH LN E L BERQRSESHRKAIRMEY L
EMFTRECGRESHERNRIBTEZHNR , METEIEESTIRNE
B TRN0.2MZEEEDS00HEREENEMLT. NXERFH | BE
M AN HRESBHELRN R SRRSO EE B WHE
AEXESHATERBESREFRIENCINNEENRMLE.,


https://worldwide.espacenet.com/patent/search/family/053403830/publication/EP3082589A2?q=EP3082589A2

