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7) ABSTRACT

The invention is designed to diagnose cardiovascular system
(CVS) based on at least 148 quantitative ECG parameters
including Heart Rate Variability (HRV) ones. Parameters are
rated to 100 points, divided into 7 groups with close physi-
ological nature, 4 diagnostic criteria (evaluation of CVS
regulation, myocardium state, emotion state, HR disorders)
and complex index of functional state (CIFS) are calculated.
Aggregated diagnostic and prognostic decision are made
about the functional CVS state and psycho-emotional state
by combining CIFS, Hannover (or other similar algorithm),
Minnesota code, myocardial abnormalities codes, and pre-
diction codes of serious cardiovascular events. The method
increases the accuracy and reliability of diagnostics.
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lized ECG indicators by

scaling the ECG parameters
within range 0 .. 100 points
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Stage 3. Making the final aggregated diagnostic and prognostic
decision about functional state of the CVS and psycho-emotional
state by combining of intermediate decisions from Stages 6 & 7.
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Stage 6. Based on CIFS:
normal state (minor, mode-
rate or severe damage) if
CIFS is within the range of
76 ...100(51...76,26 ... 50

Stage 7. Based on Hannover
algorithm, Minnesota code,
myocardial abnormalities codes
and prediction codes of serious
cardiovascular events.

or 0 ... 25)
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Stage 8. Making the final aggregated diagnostic and prognostic
decision about functional state of the CVS and psycho-emotional
state by combining of intermediate decisions from Stages 6 & 7.

Figure 1.
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Quantitative parameter Patient B Patient 0301 Patient 0304
% Decision % | Decision % Decision
Heart rate, beats/minute | 70 | normairange 78 | normal range 68 | normal range
SDNN, ms 79 | normalrange 39 | normal range 22 | moderate
RMSSD, ms 133 normalrange 26 | milddecrease | 15 | decreased
Stress index 71 normal range 162 | mild increase 274 moderate
- _ increase
Triangular index 1008 | normalrange | 103 | normalrange | 248 | normalrange
4
Emotional state index 0,35 | neutral 0.52 1 neutral 047 | neutral
PNNS0, % 8 mild decrease 8 mild decrease 1 severe decrease
Autonomic balance 1,1 | normal range 121 | normal range 266 | normal range
Activity of vasomotor 47 mild increase 28 | normal range 30 normal range
regulation cycle
Activity of sub-tortical 3 normal range 2 mild decrease 3 normal range
regulation levels
Entropy 0,42 | normal range 0.86 | normal range 041 | nomal range
Fractal index 0,53 i middecrease | 0.94 | normal range 0.68 | mild decrease
Functional clesses:
by Baevsky 2 | normal range 4 functional 1 normal range
i stress .
by Mashyn 1| normalrange 2 generalstress | 1 | normal range
Integral indicators of ST-T form for:
Lead | 77 normal range 62 minor 44 moderate
damage damage
Lead Il 62 minor damage 80 normal range | 63 minor damage
Lead AvL 64 minor damage | 65 Minor 45 moderate
i ] damage damage
Lead AVR 95 | normal range 70 minor 58 | minor damage
damage |
ECG phase ratio index 76 i normal range 49 moderate g severe damage
; ‘ damage
Indexes of peaks and areas of QRS ECG for:
Lead | 87 | normalrange | 56 minor 54 | minor damage
1 damage
Lead I 87 normal range 76 normal range | 53
Lead i o 50 | moderate 47 moderate 30 moderate
damage damage damage
Lead AvL 83 | normal range 69 minor 44 moderate
f damage damage
‘Lead AVR 88 normalrange | 51 minor 61 minor damage
_______ ~ damage
Lead AvF 78 normal range 60 minor 43 moderate
damage damage
ECG interval size index | 94 normal range 86 normal range | 88 normal range
QRS-T angle in the 0 normal range 25 minor 57 severe damage
frontal plane o damage o

Figure 2
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Patient B Patient 0301 | Patient 0304
Po- | Decision |Po- | Decision |Po | Decision
int int L-int
General indicator ' Level 2
1- Current control of 95 | normal 50 moderate i 49 | moderate |
myocardial status range damage damage
2 - Current control of 96 | normal 80  normal 42 | moderate
CS regulation range range damage
3 - Current control of 81 | normal 79 | normal 59 | minor
cardiovascular status range range damage
4 - Myocardial reserve |65 | minor 91 | normal 71 | minor
evaluation, damage range damage
5 - Reserve of CVS 94 | normal 97 | normal 52 | minor
regulation range range damage
6 - Psycho-emotional |80 | normal 76 | normal 39 | moderate
state range range damage
7 - State of CVS 89 | normal 83 | normal 55 | minor
reserve ) range | range § damage
Diagnostic criterion Level 3
1 - Myocardial state 80 | normal 70 | minor 45 | moderate
. ~_|range damage |  damage
2 — CVS regulation 95 | normal 89 | normal 47 | moderate
‘evaluation range range damage
3 — Cardiac 85 | none 81 i none 57 | minor
arrhythmias (normal (normal damage
range) range) ‘
4 - Emotional state 80 | normal 76 | normal 39 | moderate
evaluation range range damage

Figure 3
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Diagnostic criterion Patient B Patient 0301 Patient 0304
Po- | Decision | Po- | Decision | Po- | Decision
int int int
Level 4
Complex index of 85 | normal 79 | normal 47 { moderate
functional state (CIFS) range range damage
Hannover algorithm 100 | normal 75 | minor 50 | moderate
range damage damage
Minesotta code 100 | normal 50 | moderate | 55 | minor
range damage damage
Myocardial abnormalities code
Silvester code 94  normal 80 |normal 52 | minor
range range damage
Q-code 87 | normal 73 | minor 45 | moderate
range damage damage
ClIS code, 80 | normal 69 | minor 47 | moderate
range damage damage
Aldridge code 95 | normal 71 | minor 56 | minor
( range damage damage
Prediction code of serious cardiovascular events
Froelicher code 190 | normal 76 |normal |47 |moderate
) 7 range range damage
1st lead code of 90 | normal 70 | minor 49 | moderate
range damage damage
AVR lead code 100 | normal 85 | normal 53 | minor
range range damage
Prediction code of 83 |normal 68 | minor 41 | moderate
sudden cardiac death range damage damage
Level 5
Aggregated decision 91 | normal 72 i minor 49 | moderate
range damage damage

Figure 4
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METHOD OF ECG EVALUATION BASED ON
UNIVERSAL SCORING SYSTEM

FIELD OF INVENTION

[0001] This invention relates to medicine in particular to
functional diagnostics and can be used for functional and
diagnostic research for the human cardiovascular system
(CVS) in order to detect signs of its pathology.

PRIOR STATE-OF-ART

[0002] Objective and comprehensive assessment of abnor-
malities and identification of a degree of damages of the
CVS are of great current interest. This system is vital life
support system and serves as human adaptive capacities
indicator because it ensures the circulatory system of blood
vessels—arteries, veins and capillaries penetrating all over
the tissues and organs of the body. Heart’s pumping action
ensures the blood movement and the main part of the heart
performing the major role in blood pumping throughout the
vessels of human body is the myocardium (heart muscle).

[0003] The CVS functioning level is the essential indicator
reflecting the state of the whole body and keeping the
balance within the environment. Therefore, further improve-
ments in reliability and comprehensive diagnosis of early
signs of pathology of the human cardiovascular system by
involving non-invasive instrumental methods when abnor-
malities is weak or hidden (asymptomatic) forms are the task
of vital importance.

[0004] At the present time the ECG method is developed
in rapid manner and remains one of the core and the most
widely used methods to diagnosis the CVS and the myo-
cardium. Thereby, the promising direction towards the CVS
diagnosis is to improve the methods of ECG automatic
analysis that conveys a large amount of information about
the functional state of CVS.

[0005] Quantitative method for the CVS evaluation by
ECG is well known [RU 2,210,406, A61B5/0452, Cardio-
vascular functional state assessment method by rhythmical
interaction of ECG variations. A. S. Radchenko, 2003] and
using active orthostatic test. This CVS functional state (FS)
evaluation is carried out through continuous ECG registra-
tion within the Ist standard lead starting from the moment
when a subject takes vertical body position in order to
determine the end of the transition process in heart rhythm
and furthermore during 3 minutes period or more to select
the ECG recording interval having stationarity and ergod-
icity conditions. PQ, QT and TP intervals are measured and
evaluated their stationarity and the degree of consistency on
the basis of frequency, phase and coherent analysis (auto,
mutual and phase spectra, coherence spectra), and the cal-
culated data are compared with standard values. In such a
way, based on analysis of interaction of variations of various
ECG rhythms, to predict degree of efficiency of adaptive
response to cyclic exercise load without imposing the load
itself.

[0006] The advantage of this method is to use many of
amplitude-time parameters, to assess their interaction (co-
herence) under load by means of calculating of different
types of spectra.

[0007] Disadvantages of this method are:

[0008] 1) it does not evaluate the state of cardiovascular
regulation, the state of myocardium and integral index of the
functional state of CVS,

Jul. 19,2018

[0009] 2) it is applied only under physical activity;
[0010] 3) normalization of parameters onto heart rate (HR)
value is absent,

[0011] 4) it is characterized by rather complicated calcu-
lations.
[0012] The wider diagnostic potential is implemented in

RU 2,151,545 [A61V5/02, Functional state evaluation
method of cardiovascular and vegetative nervous systems
(VNS), L. M. Makarov, 2000], in which according to Holter
ECG monitoring the average HR values are calculated
separately during periods of sleep and activity, and these
calculations serve the basis for determining the circadian
index (CI) as the daily-to-night ratio of average HR value
per minute. CI values 1,24-1,44 indicate about stability in
daily (circadian) rhythm for healthy subjects and patients
with no severe abnormalities of intracranial or vegetative
regulation centers of one-day rhythm of cardiac activity. The
CI value as serving to characterizes CVS and VNS states do
not depend on neither age and sex of the subjects nor the
main rhythm and the applied equipment respectively.
[0013] The advantage of this approach is to take into
account the heart activity regulation to be made by VNS.
The disadvantages of this method is reduce of its informa-
tion value and limit in its use. They are:

[0014] 1) myocardium parameters are not taken into
account whose role to characterize its state and only HR is
measured. The HR is the simplest parameter describing HR
variability (HRV) measured by the number of time intervals
between heart beats;

[0015] 2) no way to evaluate the state of CVS regulation,
[0016] 3) no calculation of the integral index of the CVS
functional state.

[0017] Moreover, there is well-informative method to
diagnose heart functional state according to UA 54185
[A61B 5/0452, A61B 5/02, Method to assess physiological
value of psycho-emotional or physical load, 1. A. Chayk-
ovskyy, M. M. Budnyk, 2010]. In above method ECG data
at one or more standard leads are recorded under 3 states
(rest, load, restitution) to determine HR and 10 amplitude-
time parameters of ECG curve (amplitude of Q, R, S, T
waves, amplitude ratio R/S, length of Q peak, QRS complex,
PQ and QT intervals, T wave symmetry), then these 10
parameters are normalized as to HR and calculated ratio for
“load/rest” and “load/restitution” states. Next it is deter-
mined the degree of physiological value of increased (de-
creased) load: low degree when all ratio are less than 0.8 or
more than 1.2, average (high) degree—if at least one ratio is
in the range of 0.8-1.2 (more than 1.2 or less than 0.8).
Thereby it is concluded that the physiological value of the
load is low (average or high) when values of increase and
decrease are low degree (at least one from value has average
or high degree).

[0018] The advantage of the approach under UA 54,185,
in contrast to RU 2,151,545, is normalization onto HR of 10
amplitude-time ECG parameters which characterize the
myocardium state. Disadvantages are as follows:

[0019] 1) HR is only used to normalization but not as
diagnostic parameter,

[0020] 2) do not use other than HR parameters of HRV,
[0021] 3) it is only applied 2 diagnostic decisions—the
norm (stability) or deviations from the norm, i.e. it uses the
simplest threshold rule not permitting to assess a degree of
cardiovascular functional state.
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[0022] These drawbacks have been partially corrected at
UA 61285 [A61B 5/0452, A61B 5/02, Method for evalua-
tion of heart functional state based on ECG analysis and
HRV, 1. A. Chaykovskyy, M. M. Budnyk, 2011]. ECG is
recorded and parameters are calculated similar to UA
54,185. It differs from those that within the purpose for
making the evaluation the calculation of specified param-
eters, area approximation coefficients are made to obtained
individual reference state of human heart via averaging these
parameters being received during at least 5 examinations
under basic exchange and full emotional and physical com-
fort. Next, examination of the heart’s current state is made
and the diagnostic criteria (DC) are calculated as the aver-
aged amount of points of the mentioned parameters accord-
ing to 4 points scale: normal range (0), minor (1), moderate
(2), severe (3) damage. The current heart state is compared
with individual norm for a particular person, and if indi-
vidual norm is absent the comparison is made of universal
sex-and-age norm. In result, it is concluded that human heart
is in normal state (minor, moderate or severe damage), if
current DC as compared to the reference state is within the
range of 0=DC<0.5 (0.5=DC<1.5, 1.5=<DC<2.5 or
2.5sDC<3). Furthermore, if any damages in the heart func-
tional state are revealed, the recommendations are provided
respectively: when minor damages—to change life style
and/or intensity/nature of work, when moderate damage—
the same doings and to consult a doctor as regularly you do,
when severe damage—to seek urgently for doctor consul-
tancy.

[0023] The advantages of UA 61 285 is the combination of
different parameters obtained through the analysis of the
averaged ECG curve and HRV parameters; to make synthe-
sis of the general DC, to apply 4-value decision rule that
allow reveal 3 degrees of heart damages from normal range.
The disadvantage of the said method is the use of relatively
simple parameters but not advanced parameters, i.e. 4th
generation ECG.

[0024] This deficiency is taken into account in WO 2014/
098784 A1 [A61B 5/0404, I. Chaykovskyy, M. Budnyk, B.
Vasyliev et al, Fourth generation portable intellectual elec-
trocardiograph, 2014]. According to this invention the ECG
signals are registered at least in the one from 12 standard
ECG leads, the device include set of standard ECG elec-
trodes, ECG cable, electronic block of registration & signal
processing, USB cable, portable computer and software.
ECG signals are transmitted from the unit to the computer
via USB cable, and then are displayed on the screen,
automatically processed and analyzed, and the software
carries out medical analysis of ECG signals.

[0025] This device differs from those that the unit is
composed of high integration degree chip and high-end
functionality, also microcontroller chip is employed to be
served as embedded microprocessor control unit; no control
means are installed on the top cover of the unit; power
supply and control signals are transferred to the computer
via USB cable; the software include medical analysis algo-
rithms and ECG of the 4th generation; recording and signal
processing is performed in SCP-ECG digital format
intended for data transmitting into computer networks and
for telemedicine.

[0026] WO 2014/098784 advantage lies in implementa-
tion of CVS diagnosis based on ECG 4th generation, and its
disadvantage is that in the present invention the 4th genera-
tion diagnostic methods are not disclosed.
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[0027] Invention UA 108766 [A61B 5/02, A61B 5/0402,
Method for assessment of human CVS functional state, 1. A.
Chaikovsky, V. A. Denysiuk, 2015] is taken as prototype
under which ECG is recorded, quantitative ECG, HRV, HR
disorders parameters are calculated; averaged ECG is
assessed by various mathematical methods; several DC are
calculated; 4-digit scale (normal range, minor, moderate and
severe damages) is applied.

[0028] In method normalized parameters are calculated by
scaling quantitative ECG parameters to 0-100 points range,
4 levels hierarchical structure is set where level 1 stands for
plural number of the said normalized parameters. Level 2
forms 6 groups of relative indicators having close physi-
ological nature including amplitude-time ECG parameters
(group 1) for current control of myocardium state, HRV
indicators (group 2) for current control of CVS regulation,
indicators of HR abnormalities (group 3) for current control
of CVS, amplitude-time ECG parameters (group 4) to evalu-
ate myocardium reserves, HRV parameters (group 5) for
current control of reserves of CVS regulation, indicators for
HR abnormalities (group 6) to evaluate CVS reserves, 6
general indicators are calculated by averaging parameters of
each group.

[0029] The 3rd level cover calculations of 3 integral DC
for assessment: DC1—myocardium state as an average of
indices (1) & (4), DC2—CVS regulation as an average of
indices (2) & (5), DC3—diagnostics HR abnormalities as an
average of indicators (3) & (6). The 4th level covers calcu-
lation of integral DC by averaging DC1 . . . 3 and making
decision that CVS is in normal state (minor, moderate or
severe damage), if the integral DC are within the range of
75=DC=100 (50=DC<75 25<DC<50 or DC<25), all actions
are computer-aided, results are displayed and printed out.
[0030] The advantage prototype is structuring ECG and
HRV parameters by 4 levels according to degree of gener-
alization. Disadvantages of it is lack of:

[0031] 1) advanced 4th generation diagnostic indicators,
[0032] 2) aggregation of known routine and the advanced
indicators, and original indicators proposed by the authors,

[0033] 3) forecast for the CVS state,
[0034] 4) evaluation of human emotional state,
[0035] 5) produce of aggregated decision with taking into

account both known diagnostic codes and ECG parameters
of 4th generation.

[0036] Thus, a deficiency of modern technology is the lack
of universal comprehensive evaluation method for func-
tional state of human CVS based on combination of known
diagnostic codes, ECG 4th generation and integral index.
This limits the stratification of the CVS states in detailed
manner and accuracy in diagnostics of damages.

SUMMARY OF THE INVENTION

[0037] The essence of proposed technical solution lies in
methodologies employed to calculate the quantitative ECG
indicators, putting them in right order and to produce
aggregated diagnosis on the basis of 4-value decision rule.
[0038] Invention is based on the task of improving ECG
universal scoring evaluation method via recording ECG;
calculating both quantitative ECG parameters by various
mathematical methods and HRV parameters; calculating
deviations from the normal range under 4-value rule: normal
range, minor, moderate, severe damages, and thereupon to
asses abnormalities of the CVS and human emotional state.
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[0039] Assigned task is achieved by:

[0040] 1) human ECG registration at least within 6 leads,
[0041] 2) creating of hierarchical diagnostic algorithm

covering 5 levels where each next level is established by
averaging the indicators or aggregated decisions obtained at
the previous level,

[0042] 3) Level 1—calculation of the normalized ECG
parameters by scaling quantitative ECG parameters accord-
ing to the range from 0 to 100 points,

[0043] 4) Level 2—dividing above normalized indicators
into at least 7 groups of relative indicators of close physi-
ological nature including:

[0044] a) group 1 of amplitude-time ECG indicators
intended to current control of myocardium state,

[0045] b) group 2 of HRV indicators to current control of
CVS regulation,

[0046] c) group 3 of indicators of cardiac arrhythmias to
current control of CVS; group 4 of amplitude-time ECG
indicators for estimation of myocardial reserves, group 5 of
HRYV indicators to control reserves of CVS regulation,
[0047] 1) group 6 of HRV indicators to control psycho-
emotional state,

[0048] g) group 7 of indicators of HR abnormalities to
assess CVS reserves,

[0049] 5) calculation of at least 7 general indicators 1, 2,
3...7via averaging values of indicators of respective group
1,2,3...7,

[0050] 6) at Level 3 to calculate 4 integral DC1-DC4 that
include:
[0051] a) DC1 forevaluation of myocardium state as the

average out of general indicators 1 and,

[0052] b) DC2 for evaluation of CVS regulation as the
average out of general indicators 2 and 5,

[0053] c¢) DC3 for evaluation of HR disorders as the
average out of general indicators 3 and 7,

[0054] d) DC4 for evaluation of emotional state as a
general indicator 6,

[0055] 7) calculation of the complex index of functional
state (CIFS) of the CVS as the average value out of 4 integral
indicators DC1-DC4,

[0056] 8) calculating the known ECG scores based on
syndrome-based analysis by Hannover algorithm and Min-
nesota code,

[0057] 9) calculating the known ECG scores based on the
following:
[0058] a) myocardial abnormalities codes, such as Silves-

ter code, Q-code, CIIS code, and Aldridge code,

[0059] b) prediction codes of serious cardiovascular
events such as Froelicher code, 1st lead code, AVR lead
code, and code of sudden cardiac death,

[0060] 10) at Level 4 making an intermediate diagnostic
decision that CVS functional state is in normal range (minor,
moderate or severe damages) if CIFS values are in range of
76=CIFS=<100 (51=CIFS<75, 26=CIFS=<50 or 0=CIFS=<25),
[0061] 11) making intermediate diagnostic or prognostic
decisions according to above 4-value rule, including:

[0062] a) diagnostic decision based on Hannover algo-
rithm,

[0063] b) diagnostic decision based on Minnesota code,
[0064] c) diagnostic decision based on myocardial abnor-
malities codes,

[0065] d) prognostic decision based on prediction codes of

serious cardiovascular events,
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[0066] 12) at Level 5. final aggregated diagnostic and
prognostic decision about CVS functional state and psycho-
emotional state is made via combination of intermediate
decision based on CIFS with at least one intermediate
decision based on Hannover algorithm, Minnesota code,
myocardial abnormalities codes, or prediction codes of
serious cardiovascular events,

[0067] 13) all above steps is made in computer-based
manner with subsequent visualization onto PC monitor and
hard-copy printing of evaluation results.

[0068] 14) at the Level 1 ECG indicators of the 4th
generation are calculated.

[0069] 15) at the Level 3 the syndrome-based ECG analy-
sis is made with help of the another well-known algorithm
instead of the Hannover algorithm.

[0070] The novelty of proposed invention are:

[0071] 1. Use of new diagnostic ECG parameters of 4th
generation.

[0072] 2. Aggregation of the known ECG routine indica-

tors, 4th generation ones, and original general indicators
proposed by the authors at Level 3.

[0073] 3. Application of separate group of prognostic
indicators.
[0074] 4. Input into consideration 7-th group of indicators

and general DC to assess human psycho-emotional state in
quantitative manner.

[0075] 5. 5th Level is added to produce aggregated deci-
sion by taking into account as complex index CIES so as the
known diagnostic codes.

[0076] The technical result are following:

[0077] 1. Simultaneous diagnostics of abnormalities in
CVS and emotional state.

[0078] 2. Give possibility to make both diagnostic and
prognostic decision.

[0079] 3. Increasing accuracy and reliability of diagnos-
tics.
[0080] 4. Diagnosis is more detailed due to identification

of most vulnerable areas of CVS, such as state of regulation
of vegetative balance.

[0081] Every distinctive feature of the proposed method is
deemed essential and the all together are sufficient enough to
achieve the task. The cause-and-effect link exists between
the distinctive features of the proposed invention and the
obtained technical result.

[0082] The combination of distinctive features is non-
obvious to a specialist dealing within this technical field and
is significant step towards diagnosis of CVS pathologies
while taking into account the human emotional state and its
influence on CVS operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] FIG. 1. Flow-chart of proposed diagnostic algo-
rithm.
[0084] FIG. 2. Groups of indicators with close physiologi-

cal nature for three examined subjects (2nd Level).

[0085] FIG. 3. General indicators, diagnostic criteria and
their quality grading for three examined subjects (2nd and
3rd Levels).

[0086] FIG. 4. Diagnostic criteria, known diagnostic
codes, intermediate and final decisions for the three exam-
ined subjects (4th and 5th Levels).
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0087] Basic embodiment of method contains action
sequence, executing individual steps of the algorithm, which
in consumption implement proposed method. Schematic
diagram of the method is represented on FIG. 1, where
dashed stage don’t describe proposed method, but repre-
sented just to illustrate its background.

[0088] Preliminary Stage (Registration and Calculation of
ECG Parameters)

[0089] 1) Patient ECG registration during a period not less
than 2 minutes within 6 standard leads.

[0090] 2) Calculation of average cardiocycle, HRV param-
eters and signs of disorders in frequency, rhythm and
sequence of heart beats,

[0091] 3) Evaluation of average ECG on the basis of
amplitude-time parameters and integrals (areas) of all ele-
ments of ECG curve.

[0092] 4) Calculating parameters by using various math-
ematical methods.

[0093] Steps 1-4 are known and similar to those disclosed
in prototype UA 108766, and are given only to illustrate the
embodiment. The proposed method is a hierarchical algo-
rithm comprising of 5 quality levels.

[0094] Calculation stage (1st, 2nd and 3rd Level)

[0095] Level 1—obtaining a set of 148 normalized ECG
indicators.

[0096] Stage 1. Normalization of ECG parameters accord-

ing to scale ranging from 0 to 100 points.

[0097] Level 2—obtaining a set of general indicators.
[0098] Stage 2. Dividing normalized indicators onto 7
relative groups of with close physiological nature, calcula-
tion of 7 general respective indicators.

[0099] Level 3—obtaining DC and complex index of
functional state (CIFS)

[0100] Stage 3. Calculation of 4 diagnostic criteria (DCs)
and CIFS:

[0101] a) DC 1—to evaluate CVS regulation,

[0102] b) DC2—to evaluate myocardial state,

[0103] c¢) DC3—to evaluate HR disorder,

[0104] d) DC4—to evaluate emotional state

[0105] e) CIFS as arithmetic average of DCI1 . . . 4.
[0106] Stage 4. Calculation of ECG score based on syn-

drome-based analysis to be carried out by using the Han-
nover algorithm and Minnesota code.

[0107] Stage S. Calculation of ECG score based on myo-
cardial abnormalities codes (Silvester code, Q-code code,
CIIS code, Aldridge code) and prediction codes of serious
cardiovascular events (Froelicher code, 1st lead code, AVR
lead code, predict code of sudden cardiac death).

[0108] Medical opinion stage (4th and 5th Levels)
[0109] 4th Level—making intermediate decisions
[0110] Stage 6. Making intermediate decision based on

CIFS (similar as to the prototype). CIFS values for current
state are compared with individual reference value for a
particular subject, if absent—with universal sex-and-age
reference value. Making decision that the CVS functional
state 1s in normal range (minor, moderately or severe dam-
age) if CIFS value is within the range of 76<FSAF=100
(51<sFSAF<75, 26<sFSAF=<50 or 0sFSAF=<25),

[0111] Stage 7. Making intermediate decision based on
Hannover algorithm, Minnesota code, myocardial abnor-
malities codes and prediction codes of serious cardiovascu-
lar events.
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[0112] Level 5—Making final decision.

[0113] Stage 8. Aggregated diagnostics & prognostic deci-
sion about functional state of CVS and psycho-emotional
state is made by combining intermediate decisions based on
CIFS, Hannover algorithm, Minnesota code, myocardial
abnormalities codes, prediction codes of serious cardiovas-
cular events.

[0114] The proposed algorithm is shown in FIG. 1 and
covers 8 stages. Level 1—"norm-based indicators” (Stage
1). Level 2—*“generalized indicators” (Stage 2). Level 3
“general indicators” includes 3 stages: 4 Integrated DC and
CIFS (Stage 3), ECG scoring based on Hannover algorithm,
Minnesota code (Stage 4), ECG scoring based on myocar-
dial abnormalities codes and prediction codes of serious
cardiovascular events (Stage 5).

[0115] Level 4 “intermediate decisions” includes 2 stages:
making intermediate decision based on CIFS (Step 6) and
Hannover algorithm, Minnesota code, myocardial abnor-
malities codes and prediction codes of serious cardiovascu-
lar events (Stage 7). Level 5 “final decisions” is performed
based on combination of 5 intermediate decisions obtained
at Level 4 (Stage 8).

[0116] For the demonstration purpose the FIG. 2 gives 14
indicators of Level 1 for three subjects. They cover heart
rate, SDNN, RMSSD, stress index, triangular index, emo-
tional state the index, PNN50, vegetative balance, vasomo-
tor activity cycle regulation, basal activity levels regulation,
entropy and fractal index, functional classes according to
Baevsky and according to Mashyn. These parameters
describe the following:

[0117] a) different aspects of heart rate variability,

[0118] b) amplitude-time parameters and shape of ECG
peaks,

[0119] c) presence of main disorders in frequency, rhythm

and sequence of myocardium contractions (in otherwords—
heart rhythm disturbances).

[0120] Also 12 indicators are calculated that describe the
myocardium state on the basis of ECG form within 6 leads:
4 integral indicator of ST-T form for I, 111, AvL, AvR leads,
6 indexes describing amplitude and area for I, II, 111, AvL,
AvR, AVF leads and shape of ECG peaks, ECG intervals
duration index, QRS-T angle in the frontal plane.

[0121] FIG. 3 gives the 24 Level including 2 groups of
relative indicators having close physiological nature. For
example, indicators of “current control regulation”, “regu-
lation reserves state” and “integral indicators” are mainly
reflect current, i.e. instantaneous cardiovascular functional
state. This group characterizes real-time adaptive response
to external stimulations.

[0122] Another group (4 indicators) is current control of
myocardial state, myocardial reserve state, stationarity index
for myocardium, in-depth ECG analysis (6 leads). It mainly
reflects the level of functional reserve to be spent for
adaptation.

[0123] Level 3 (FIG. 4) covers 7 general indicators and 4
integral DC reflecting various aspects of the CVS function-
ing. These indicators are: 1) regulation, 2) myocardium
states (6 leads), 3) HR abnormalities obtained as result of
evaluation of myocardial regulation by nervous system,
myocardial, state and HR abnormalities diagnostics, and 4)
DC for assessment of human emotional state.

[0124] Then, universal indicator of CVS functional state is
calculated in a form of complex index CIFS (FIG. 4). This
Figure also shows the values of other codes and related
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intermediate diagnoses that are obtained at Level 4 of the
analysis, and also the final aggregated diagnose.

[0125] There are 3 examples are presented to illustrate the
method as to the examined subjects with different CVS
disorders.

[0126] Medical case 1. Thus, upon the results of hierar-
chical evaluation of heart of Patient B has been found the
following: Indicators of Level 1: SDNN is slightly
decreased, stress index is slightly increased, other indicators
are normal range. Almost all general indicators of Level 2
are also in normal range within 80-96 points, except for
“myocardium reserve state assessment” indicator (65 points)
giving a minor damage.

[0127] As aresult, all DCs at Level 3 are located in normal
range: DC1 “myocardium state”—S80 points, DC2 “CVS
regulation”—94 points, DC3 “HR disorder”—85 points, i.e.
no such disorders have been found, and DC4 “emotional
state assessment”—80 points.

[0128] As the result. CIFS for Patient B is of 85 points
evidencing that CVS is in normal range. Hannover algo-
rithm and Minnesota code also give 100 points, intermediate
diagnose based on other codes (for myocardial abnormalities
and for serious cardiovascular events) also indicate “normal
range”. Total points scale evaluation of Patient B functional
state and the emotional state is equal to 91 points which
gives aggregate diagnose—"“normal state”.

[0129] Medical case 2. As to the examined subject 0301 it
is necessary to pay attention to such indicator of Level 1 as
the ECG ratio index and to the general indicator of Level 2
“current control of myocardium”, according to which “mod-
erate damages” took place. DC1 of Level 3 “myocardium
state” is 70 points, i.e. “minor damages” but other indicators
of Level 3 are in normal range as well as CIFS is equal to
79 points.

[0130] Assessment under Hannover algorithm gives 75
points and mostly other codes give intermediate diagnose—
“minor damage”, only Minnesota code is equal to 50 indi-
cating about “minor damages”. Overall points assessment is
equal to 72 points which gives the final decision as “minor
damages”.

[0131] Medical case 3. In contrast, the examined subject
0304 has 47 points of CIFS indicator and according to
Hannover algorithm he/she has 50 points, and, like for most
of other codes, gives decision “moderate damages”. Only a
few codes including the Minnesota code indicate the minor
damages, but their points only slightly higher than 50. The
total score is equal to 49, which gives aggregate decision as
“moderate damages”.

[0132] Within additional embodiment at Level 1 an addi-
tional calculation of ECG parameters of 4th generation has
been done, for example, QRS high-frequency analysis,
T-wave analysis based on SVD, late potentials analysis,
QRS-T angle analysis or another parameter.

[0133] In another embodiment at Level 3 the ECG syn-
drome-based analysis has been performed based on another
well-known algorithm, for instance, Washington algorithm
or another one instead of Hannover algorithm.

[0134] In all embodiments the registration and signal
analysis is performed with help of computer program “Car-
dio Multimoda 1” and the obtained results are to be dis-
played and printed out respectively.

[0135] The advantage of this method is that at the transi-
tion to higher level the information, which obtained at the
previous level, is generalized and aggregated. These actions
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are expressed in averaging the points of the previous level
indicators. It means that indicators obtained at Level 1 are
averaged at Level 2, and the indicators of Level 2 are
averaged at Level 3. In so doing the specific aspects of
screening study are taken into account whose main purpose
is to identify latent pathological changes, search for indica-
tions to conduct further and more in-depth study.

[0136] In all preferred embodiments diagnostic results are
summarised in table including HRV, myocardium state, and
HR disorders indicators and also decision as well as blocks
of integral assessment of regulation, myocardium state, HR
disorders and CIFS block are displayed in graphic form.
[0137] Data analysis of FIG. 2-4 shows that different
indicators “feel” in different way the damages of various
types and major part of them cover almost all damage types.
This suggests consider this method as universal.

[0138] All indicators are presented in a quantitative way
and colour coding for functional state grading is applied. In
so doing the normal range of indicators are coloured in
green, minor damages—in yellow, moderate ones—in
orange, and severe damages—in red.

[0139] The advanced approaches being applied to diag-
nose under hierarchical principle and to present the indica-
tors of human CVS in quantitative and colour representation
make possible to improve informative value and clarity of
the diagnostic results for a wider range of users.

[0140] The proposed invention is industrially applicable
because it requires digital electrocardiograph, portable com-
puters such as notebook, printer and software. No specific
requirements are set to the computer and printer; any prod-
ucts available at the market are welcomed.

[0141] The basic embodiment applies portable intellectual
electrocardiograph «CARDIOLYSE» (“Cardiolyse” LLC,
Kyiv, Ukraine). It is possible to apply other equipment being
available at the market to input the data via USB interface.
Numerical algorithms are implemented in software regis-
tered at Ukrainian Agency on Copyright & Related Rights
[Program for registration and analysis of small-channel ECG
signals “Multymoda Cardio 17, I. Chaykovskyy, V. Vasyliev,
Yu. Frolov, M. Dordiienko, Copyright Certificate for com-
puter program # 47857 from 18.02.2013].

[0142] The particular embodiments of the method in the
invention are presented in detail for illustrative purposes
only. It is clear, that in practice, specialists and other users
who are experienced in cardiology, ECG analysis and CVS
state can introduce some changes and modifications into, for
example, to apply different procedure to structure the indi-
cators, to apply another approach to normalise and calculate
DC according to hierarchy level. However, we consider that
both the said changes and modifications, and others ones, to
be done without significant differences from the essence and
claims of proposed invention, fall under this patent.

1. Method of ECG evaluation based on universal scoring
system, comprising recording electrocardiogram (ECG) at
least within 6 leads,

calculating quantitative parameters of ECG signal under

various mathematical methods, including heart rate
variability (HRV),

calculation of diagnostic criteria (DC) and their deviations

from the norm by using 4-value rule: normal range,
minor, moderate, severe damages, and

evaluation of abnormalities in cardiovascular system

(CVS) and emotional state of person
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characterized in that the hierarchical 3-level diagnostic
algorithm is made, in which each next level is formed
by averaging the indicators or combining the decisions
obtained at the previous level,

Level 1—calculation of normalized ECG indicators via
scaling of quantitative ECG parameters according to
range from 0 to 100 points,

Level 2—dividing above ECG indicators at least onto 7
groups of relative indicators with close physiological
nature, including:

Group 1 of amplitude-time ECG indicators to current
control of myocardium state,

Group 2 of HRV indicators to current control over CVS
regulation,

Group 3 of HR disorder indicators to control of the
CVS state,

Group 4 of amplitude-time ECG indicators for evalu-
ation of myocardial reserves,

Group 5 of HRV indicators for evaluation of reserves of
the CVS regulation,

Group 6 of HRV indicators to evaluate human psycho-
emotional state,

Group 7 of HR disorder indicators for evaluation of
CVS reserves,

calculating at least 7 general indicators 1, 2,3 ... 7 by
averaging the values of the respective Groups 1, 2,3 .
.7

Level 3—calculating 4 integral DCs, which include:
DC1 for evaluation of myocardium state as the average
out of general indicators 1 and 4,
DC2 for evaluation of CVS regulation as the average
out of general indicators 2 and 5,
DC3 for evaluation of HR disorders as the average out
of general indicators 3 and 7,
DC4 for evaluation of emotional state as a general
indicator 6,
calculation of the complex index of functional state
(CIFS) of the CVS as the average value out of 4 integral
indicators DC1-DC4,calculating the known ECG
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scores based on syndrome-based analysis by Hannover
algorithm and Minnesota code,
calculating the known ECG scores based on the follow-
ing:
m%ocardial abnormalities codes, such as Silvester code,
Q-code, CIIS code, and Aldridge code,

prediction codes of serious cardiovascular events such
as Froelicher code, 1st lead code, AVR lead code,
and code of sudden cardiac death,
Level 4—making an intermediate diagnostic decision that
CVS functional state is in normal range (minor, mod-
erate or severe damages) if CIFS values are in range of
76<CIFS<100  (51=<CIFS<75, 26=CIFS<50 or
0=CIFS=25),
making intermediate diagnostic decision according to
mentioned 4-value rule based on Hannover algo-
rithm, Minnesota code, and myocardial abnormali-
ties codes,

making intermediate prognostic decisions according to
mentioned 4-value rule based on prediction codes of
serious cardiovascular events,

Level 5—making the final aggregated diagnostic and
prognostic decision about CVS functional state and
psycho-emotional state by combination of intermediate
decision based on CIFS with at least one intermediate
decision based on Hannover algorithm, Minnesota
code, myocardial abnormalities codes, or prediction
codes of serious cardiovascular events,

performing all above steps in computer-based marner
with subsequent visualization onto PC monitor and
hard-copy printing of evaluation results.

2. Method of ECG evaluation according to claim 1
characterized in that at the Level 1 ECG indicators of the 4th
generation are calculated.

3. Method according to claim 1 or 2 characterized in that
at the Level 3 the syndrome-based ECG analysis is made
with help of the another well-known algorithm instead of the
Hannover algorithm.
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Stage 8 Making the final aggregated diagnostic and prognostic
decision about functional state of the CWS and psycho-emotional
state by combining of intermediate decisions from Stages 6 & 7
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