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(57) ABSTRACT

A method of measuring and analyzing the ultra high fre-
quency EKG is performed by measuring the EKG within the
frequency range above 250 Hz with a dynamic range of at
least 100 dB. In the UHF EKG signal positions of R, of R
wave in QRS complex of EKG are detected on the time axis
and the EKG signal is converted to amplitude or power
envelopes, the amplitude or power envelopes frequency
range is anywhere within the limits from 0.2 Hz to at least
500 Hz. From these envelopes the amplitude and time
numerical parameters that describe the myocardium depo-
larization inhomogeneity and electric myocardium dyssyn-
chrony are determined, and these parameters are used for
selecting the patients for multi-chamber stimulators imple-
mentation and optimization of their setting.
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METHOD OF EKG SIGNAL PROCESSING
AND APPARATUS FOR PERFORMING THE
METHOD

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a method of EKG
signal processing and an apparatus for performing the
method

DESCRIPTION OF RELATED ART

[0002] Apparatuses for recording electric activity of heart,
electrocardiogram or FKG, are commonly used in cardiol-
ogy 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 publi-
cations have indicated that in this frequency range, exclu-
sively in QRS complex area, higher amplitudes of high
frequency signal appear—Goldberg A L et al 1981, Petter-
son J et al 2000, Schlegel T T 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 bifur-
cation 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.

[0003] Limited frequency range and limited dynamics of
the measured EKG 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 EKG signals
processing and interpretation.

[0004] It is the object of the present invention to define an
apparatus for measuring ultra 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 abnor-
malities, pathologies, and determine risks of a sudden car-
diac 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, 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

[0005] 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 EKG signal component in the selected
frequency range, amplitude or power envelopes of the EKG
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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 EKG
signal advantageously for noise background removal, a
median or a mean value is deducted within the range of at
least 100 ms after the R , position to 300 ms after the R
position, whereupon the negative values of the envelopes,
after the median or mean value having been subtracted, are
set to zero.

[0006] In an advantage embodiment of the invention, the
amplitude or power envelopes of the EKG signal are cal-
culated using Hilbert transformation.

[0007] In another advantageous embodiment of the inven-
tion, the amplitude envelopes of the EKG signal are calcu-
lated by the EKG signal filtration, conversion of the signal
obtained this way into absolute value and smoothing it.
[0008] 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.

[0009] In another advantageous embodiment of the inven-
tion, 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.

[0010] In another advantageous embodiment of the inven-
tion, the amplitude or power envelopes of the EKG signal
are displayed on a display unit for the averaged amplitude or
power envelopes of the EKG signal from individual chan-
nels 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.

[0011] In another advantageous embodiment of the inven-
tion, the averaged amplitude or power envelopes of the EKG
signal within the interval of 300 ms before and 600 ms after
the 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 numerical parameters TNPs from a group contain-
ing 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 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.

[0012] In still another advantageous embodiment of the
invention, the numerical parameters are normalized,
whereas the numerical parameter P1 for the selected fre-
quency range, the channel or the sum of the EKG signals
from several channels is normalized by the second numeri-
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cal 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,.

[0013] In another advantageous embodiment of the inven-
tion, 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.

[0014] 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 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 stimulation in a heart muscle are assessed.

[0015] In another advantageous embodiment of the inven-
tion, the EKG signal is split into individual frequency ranges
within the frequency limits from 0 to 2000 Hz for deter-
mining the averaged amplitude or power envelopes of the
EKG signal in each individual frequency range. The calcu-
lated 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+] in the
selected frequency range. Frequency ranges of the indi-
vidual 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 coeflicient
K according to the function:

K=1/(3(ay)/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.

[0016] In another advantageous embodiment of the inven-
tion, 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.
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[0017] In another advantageous embodiment, the ANPs
and TNPs are established for the individual EKG channels
to determine the position of pathologic areas of the myo-
cardium, whereas a 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.

[0018] 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 myocar-
dium 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.

[0019] 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 chan-
nels, 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 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.

[0020] 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 ana-
logue 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 R, 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 averag-
ing.

[0021] 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 numeri-
cal parameters.

[0022] In another advantageous embodiment of the appa-
ratus according to the invention, the indicating unit is an
audible signal generator.

DESCRIPTION OF THE DRAWINGS

[0023] The invention is explained in details hereinafter by
means of figures included in attached drawings, where in
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[0024] FIG. 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

[0025] FIG. 2 the position of R , of R wave in twelve-lead
EKG signal is illustrated,

[0026] FIG. 3Ais an illustration of the averaged amplitude
envelopes in micro volts of the twelve-lead EKG signal
within the range of 500 up to 1000 Hz; FIG. 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 FIG. 3C
there is the EKG signal from FIG. 3B, from above QRS
complex 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

[0027] FIG. 4A a detection of maximums and their time
positions of the averaged amplitude envelopes of two dif-
ferent EKG channels is illustrated, 0—maximum position on
the time axis, 1—maximum value, and in FIG. 4B a detec-
tion of time positions of the amplitude beginning and end on
one EKG channel, 1—maximum, 2—zero line, 3—horizon-
tal 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

[0028] FIG. 5 a detection of positions and values of
integral sums of the amplitude envelopes from FIG. 4, digit
1 shows the centre position in a half of the integral value and
digit 2 shows the integral value; in

[0029] FIG. 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

[0030] FIG. 7 values of maximums of the amplitude
envelopes for the individual channels from FIG. 6 are
depicted side by side; in

[0031] FIG. 8 the amplitude envelopes for the individual
channels V1, V2, V3, V4, V5 and V6 are depicted; in
[0032] FIG. 9A the channels from FIG. 8 are depicted,
namely combined channels V1, V2 and V3 marked with
dark grey colour and combined channels V4, V5 and V6
marked with light grey colour; in FIG. 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 grey colour, and 2 kHz—marked with
light grey colour; in

[0033] FIG. 10 the apparatus for performing of the method
according to the invention is depicted; in

[0034] FIG. 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

[0035] FIG. 12 the courses of the QRS complex of chan-
nels 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 FIG. 12A, for a heart with a delayed
activation of the left ventricle FIG. 12B and for a heart with
delayed activation of the right ventricle and part of the
septum FIG. 12C; in

[0036] FIG. 13 an effect of the switched off FIG. 13A and
the switched on FIG. 13B, 13C, 13D and 13E biventricular
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stimulator is depicted in the same format as in FIG. 12, black
vertical lines in FIG. 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 FIG. 13B the left and right ventricles are stimulated in
same instant, in F1IG. 13C the stimulation of the left ventricle
precedes by 20 ms, in FIG. 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;

[0037] FIG. 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 FIG. 12A, FIG. 14B is
a time-frequency map of a subject with late activation of the
left ventricle, the subject is the same as in FIG. 12B.

EXAMPLES OF THE INVENTION
IMPLEMENTATION

[0038] The invention relates to the method of measuring
and processing of the high frequency activity of the elec-
trocardiogram 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 EKG signal in the measuring channels and the amplitude
or power envelopes of the EKG signal in the selected
frequency range are calculated. In FIG. 1 the power enve-
lopes of the measured EKG signal lead V3 in ranges 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 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
FIG. 2 the R,, of R wave position in the twelve-lead EKG
signal is depicted. For determination the R,, 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. FIG. 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 0 to 40 Hz is shown in FIGS. 3B and
3C. The smoothing and the number of depicted leads reduc-
tion enable better arranged identification of the envelopes
from the selected leads. The mode of representation in FIGS.
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 situa-
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tion 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.

[0039] Alternatively the averaged amplitude or power
envelopes of the EKG signal from the individual channels
can be converted to a series of numerical parameters defin-
ing 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
including 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 R, of R wave position of QRS
complex. In FIG. 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 FIG. 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 level of 10 percent of the
maximum, 4—beginning of the amplitude marked with light
grey colour, 5—end of the amplitude marked with light grey
colour. In FIG. 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 FIG. 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.

[0040] Furthermore the numerical parameters can be nor-
malized. The normalization enables comparison of numeri-
cal 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 dis-
tribution are used, where the parameter PI for the selected
frequency range, the channel or the sum of the EKG signals
from several channels is normalized by the second param-
eter P2 for another frequency range or another channel or
another sum of the EKG signals. The normalized parameter
is Pn=P,/P,, where P, is the normalized parameter, P, is the
parameter in the first frequency range and P, is the parameter
in the second frequency range.

[0041] 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 pro-
vided the following results:

[0042] In FIG. 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 vol-
unteer H148 and of a patient with diagnosed blockade of the
left bundle D64 are depicted. In FIG. 7 the values of the
amplitude envelopes maximums in milivolts for the indi-
vidual channels of the same healthy volunteer H148 and the
same patient with diagnosed blockade of the left bundle D64
are depicted side by side.

[0043] For practical use of the method for the EKG signal
processing it proved to be advantageous, when the ampli-
tude or power envelopes of the individual channels or the
sum of the selected channels were converted to a hearable
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audio signal in such a way, that the carrier frequency in the
audible frequency range of 300 up to 15000 Hz was modu-
lated 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.

[0044] 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 FIG. 8 the amplitude
envelopes for the individual channels V1 to V6 in the
frequency range of 500-1000 Hz are depicted. In FIG. 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 FIG. 9B and the carrier
frequency 2 kHz—lighter shade of gray. The time axis in
FIG. 9B is eight times spread when compared with FIG. 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.

[0045] The apparatus for performing the method described
above is illustrated in FIG. 10. Here is a 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 5 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 R,
of R wave of QRS complex is connected. To the output of
the detector 7 of the R, 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 indi-
cating 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.

[0046] In FIG. 11 a path of the EKG signal from one
sensor 5 to the display unit 10 for displaying the envelopes
and/or the calculated numerical parameters and to the gen-
erator 11 of the audio signal is depicted. From each used
sensor 5 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 5 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 which the
detector 7 of the R, of R wave of the QRS complex is
connected. To the output of the detector 7 of the R, of R
wave of the QRS complex through a band pass filter 8 the
unit 9 for the envelopes computing and averaging is con-
nected, to the outputs of which the display unit 10 for
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displaying the envelopes and/or the calculated numerical
parameters and the generator 11 of the audio signal are
connected.

[0047] 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 low and on
so high frequencies, that neither common EKG apparatuses
nor the high frequency EKG or the EKG with high resolu-
tion are able to record either detect them in sufficient quality.
For an evaluation of particular heart activities the R, of R
wave position in the QRS complex of EKG is detected. A
demonstration of the R, position in the twelve-lead EKG
signal is in FIG. 2. On the left side of FIG. 2 a course of the
EKG signal from the individual sensors 5 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 R, positions is approximately 0.8 s.
One R, position is then enlarged on the right side of FIG. 2,
whereas the signals from the individual sensors 5 are super-
imposed 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 5 are
converted to the amplitude or power envelopes. The ampli-
tude or power envelopes frequency range is selected any-
where 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, 500-000 Hz,
500-1500 Hz, 1500-2000 Hz and others.

[0048] 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 EKG 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 FIG. 1.

[0049] To increase the signal-to-noise ratio of very weak
ultra high frequency oscillations, particular amplitude or
power envelopes in appropriate frequency range and appro-
priate channel are averaged according to the detected R, of
R wave position. In doing so, the averaging can be per-
formed alternatively with an exclusion of irregular, patho-
logical and artificial heart beats or on the contrary with a
selection of them. With this procedure it is possible to
monitor the ultra high frequency oscillation better. Further
according to this invention, the amplitude or power enve-
lopes 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 represen-
tation is made up by particular courses of the amplitude or
power envelopes from the EKG channels or their sums. FIG.
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. FIGS. 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.

[0050] 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
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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~I to Rm+7 in the selected frequency range. For
a more advantageous interpretation of the time-frequency
matrixes, 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/((a;)/n)

where n is a number of values of one matrix row and a, is ith
element of the same matrix row, and therethrough enhance-
ment 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 FIG. 14.

[0051] For the amplitude or power envelopes the numeri-
cal parameters are further determined, which parameters
describe the amplitudes, the powers and their time distribu-
tion in the individual EKG signals or in sums of them.
[0052] 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 and 600
ms after the R, of R wave position of the QRS complex.
FIG. 4A shows an example of detection of the maximum
from two signals in the delimited interval of 100 ms before
the R,, position and 100 ms after the R,, position. FIG. 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 R, position and 100 ms after
the R,, position.

[0053] 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
normalized parameter, P, is the parameter in the first fre-
quency range and P, is the parameter in the second fre-
quency range. The normalization enables to eliminate dif-
ferent levels of amplification and different characteristics of
the sensors 5 scanning the EKG signal.

[0054] An example of the possibility to determine the
electric dyssynchrony of the myocardium by means of the
numerical parameters is in FIG. 12. The parameter DPijj in
milliseconds or in another unit of time is determined from
differences of the TNPs for the amplitude or power enve-
lopes position in the individual channels of the EKG signal.
The parameter DPjj is determined as a difference of the
TNPs for the channel 1 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 stimu-
lator. An example of the patient suitable for the biventricular
stimulator implementation is in FIG. 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



US 2017/0007140 Al

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 dyssyn-
chrony 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 FIG. 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
ventricle. For patients with already implemented stimulator,
the parameters DPij 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 FIG. 13A. A demonstration of a change of the
parameter DP16 after switching on the biventricular stimu-
lator and of a dual setting of the stimulator parameters is
depicted in FIGS. 13B and 13C. The synchronous stimula-
tion of the left and the right ventricles is shown in FIG. 13B.
In FIG. 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 stimula-
tion and the setting of the stimulator is more advantageous.

[0055] 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 enve-
lopes 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
channel are defined. Example of various settings of the
biventricular stimulator is shown in FIGS. 13B, 13C, 13D
and 13E. Number 1 defines the instant of stimulation in the
right ventricle, number 2 defines the instant of stimulation in
the left ventricle. In FIG. 13B the stimulations in the right
and the left ventricles 1 and 2 arise at the same instant of
time, in FIG. 13C the stimulation 2 in the left ventricle
precedes the stimulation 1 in the right ventricle by 20 ms, in
FIG. 13D the stimulation 2 in the left ventricle precedes the
stimulation 1 in the right ventricle by 40 ms and in FIG. 13E
the stimulation 2 in the left ventricle precedes the stimula-
tion 1 in the right ventricle by 60 ms. The parameters D11
and D26 are depicted in FIGS. 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 propaga-
tion 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
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the left ventricle in relation to the right ventricle is set, . g.
60 ms in FIG. 13E, it is possible to evaluate a penetration of
the stimulating pulse 2 from the left ventricle to 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 FIGS.
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.

[0056] 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.

[0057] 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 FIGS. 8 and 9.

[0058] The measuring and processing of the ultra high
frequency EKG oscillation according to this invention pro-
vide 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.

[0059] The apparatus for measuring the ultra high fre-
quency 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 identifi-
cation 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 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
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of the electric depolarization of the ventricles. The distri-
bution of the amplitude envelopes of a healthy synchronous
heart is shown in FIG. 12A, of a heart with a delayed electric
activation of the left ventricle in FIG. 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
FIG. 12C. The dark gray colour represents the lead V1, light
gray colour represents the lead V6, the gray colour repre-
sents overlapping of the envelopes. By means of this inven-
tion the delay of the electric activation of one of the
ventricles in milliseconds can also be determined. In FIGS.
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.

[0060] 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 veri-
fication of the stimulation effect are shown in FIG. 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 FIG. 13A. The envelopes,
when the stimulation has been switched on, are depicted in
FIG. 13B. With the stimulation an increase of overlapping
the amplitudes from the both leads occurred, and thus the
electric synchronization was improved. Another advanta-
geous application of the invention is the possibility to
optimize the setting of the biventricular stimulator param-
eters according to the degree of the overlapping the enve-
lopes or powers from the individual EKG channels.

INDUSTRIAL APPLICABILITY

[0061] Applicability in a clinical medicine is exception-
ally high first of all because of an easiness of the ultra high
frequency EKG signal measuring that differs in no way from
the standard 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 ventricles, 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 inhomoge-
neity and dyssynchrony of myocardium, selection of
patients for the stimulators implementation and optimization
of the stimulators setting.
1. A method of an EKG signal processing, wherein
a frequency 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 R, 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 and the electric dyssynchrony of ven-
tricles in units of time is defined as a difference between
the time numerical parameters of envelopes of the
selected EKG channels.
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2. The method of the EKG signal processing according to
claim 1, wherein

a median or mean value in the interval of minimum 100

ms after the R,, position up to 300 ms after the R,
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.

3. The method of the EKG signal processing according to
claim 1, wherein the amplitude or power envelopes of the
EKG signal are calculated by means of Hilbert transforma-
tion.

4. The method of the EKG signal processing according to
claim 1, wherein 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.

5. The method of the EKG signal processing according to
claim 1, wherein 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.

6. (canceled)

7. The method of the EKG signal processing according to
claim 1, wherein 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 envelopes of the EKG signal are displayed on a
display unit, while a colour or a degree of shade is assigned
to the displayed signal from each individual channel.

8. The method of the EKG signal processing according to
claim 1, wherein the averaged amplitude or power envelopes
of the EKG signal within the range of 300 ms before and 600
ms after the position of R, 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 individual 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, while 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 prede-
termined limit is determined as a percentage of the ampli-
tude or the power maximum, namely within the range of 1
up to 25 percent.

9. The method of the EKG signal processing according to
claim 8, wherein the numerical parameters are normalized,
while 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 while the normalized
numerical parameter Pn=P,/P,.
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10. The method of the EKG signal processing according
to claim 1 wherein the difference between the TNPs of the
selected EKG channels is further used for a selection of
patients suitable for the multi-chamber stimulator imple-
mentation or with the patients with already implemented
stimulator for an optimization of the stimulator function
setting by time shifting the stimuli activation in the cham-
bers to reach the minimum absolute values of this difference.

11. The method of the EKG signal processing according
to claim 1 wherein 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, while a
shorter distance D corresponds to a higher speed of
transmission of the stimulating signal into the heart
area delimitated by the EKG channel.

12. (canceled)

13. The method of the EKG signal processing according
to claim 1, wherein 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 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, while these envelopes are extended in
time once up to ten times.

14. The method of the EKG signal processing according
to claim 13, wherein 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.

15. The method of the EKG signal processing according
to claim 1 wherein for the determination of the pathological
areas of myocardium position the ANPs and TNPs for the
individual EKG channels are determined, while a decrease
of the ANPs parameters values and an increase of differences
between the TNPs indicate an occurrence of the myocar-
dium pathology in area given by the EKG channels.
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16. The method of the EKG signal processing according
to claim 1 wherein for the pathological progression deter-
mination the ANPs and TNPs from the EKG channels,
recorded over a period of days, weeks, months and/or years,
are compared.

17. (canceled)

18. The method of the EKG signal processing according
to claim 1, wherein the EKG maps are used, which EKG
map is simultaneously measured system of the EKG chan-
nels 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, while these param-
eters are displayed in a three-dimensional matrix, 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.

19. An apparatus for performing the method according to
claim 1, wherein the apparatus contains block of analogue
amplifiers, to an output of which an input of a block of an
analogue signal to digital signal converters is connected,
where 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
with their outputs to the inputs of the individual analogue
signal to digital signal converters of the block of the ana-
logue signal to digital signal converters, whereas the chain
of sensors, block of the analogue amplifiers and the block 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 of the block of the analogue signal
to digital signal converters a storage unit is connected, to the
output of which a detector of R, of R wave of QRS complex
is connected, to the output of which through a band pass
filter a unit for calculating the envelopes and averaging is
connected, to the output of which at least one indicating unit
1s connected.

20. The apparatus according to claim 19, wherein the
indication unit is a display unit for displaying the envelopes
and/or the calculated numerical parameters.

21. The apparatus according to claim 19, wherein the
indication unit is an audio signal generator.
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