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IIpedcmasneno memoo npoznozyeamnns peuu-
ousyrouoeo ingpapxmy mioxapoa (PIM) na ocnosi
PO3p06IENH020 iHMEPNONAUILUH020 0ia2HOCMULHO020
NOJIIHOMA 07151 BUBHAYEHHSI MONCAUBOCHMI SUHUK-
nenna i pesyaomamy PIM. Pospobaenuii memoo
b0asyemovca nHa memodonozii eepbanviiozo anani-
3y piuens i 0036075€, 3 YPAXYBAHHAM CYKYNHOC-
mi o3nax 3axeopiosanns, ix xombinauii i esa-
EMOBNAUBY, NIOBUWUMU MOUHICMb NPOZHO3Y HA
2,7 % (y nopienanni 3 memooom-npomomunom),
wWo Hadae MoONCAUBICML Nonepeoumu peuuous i
panmogy Koponapny cmepmsv. 3anponoHo8anull
Memoo cmanosumv npaKmuuHull inmepec i moice
Oymu euxopucmanuii 0as 0iazHOCMUKU Mma npo-
2HO3YBAHHA POIGUMKY THULUX 3AXBOPIOBAHL Cepue-
80-CYOUHHOT cucmemu Jir00UHU

Knrouosi croea: memoo npozno3ysanns, peyu-
oJusyrouuil ingpapxm mioxapoa, opounanvia Kia-
cugikauin cmanis, diaznocmurnuil iHmepnosyi-
HHU noiHOM

=, ]

IIpedcmasnen memoo npozno3uposanus pevwu-
oJusupyrowezo unpapxma muoxapoa (PUM) na
ocHOBe Ppaspabomannozo UHMEPNONAUUOHHO-
20 OuazHoCmMuuecK020 noauHoma 01 onpede-
JIeHUs. 603MONCHOCMU B03HUKHOBEHUSL U UCX00a
PUM. Paspabomannviii memod 6Gasupyemcs na
Memodonozuu 6epoanvH020 AHANUIA PeueHUul U
nosgoJasem, ¢ Y4emom COGOKYNHOCMU NPUHA-
K06 3a001e6anus, Ux KOMOUHAUUYU U 63AUMOBIUSL-
HUSL, NOBLICUMD MOUHOCMb npoeHo3a Ha 2,7 % (no
CPABHEHUIO C MEMOOOM-NPOMOMUNOM), umo daem
803MOJICHOCMb npedynpedumv peuudus u 6He-
3anuyto Koponapuyro cmepmo. Ilpednoscennoiil
Memo0 npedcmasnsiem nNpaxmuuecKuu uHmepec
u Modicem Gvbimb UCRONBIOBAH 01 OUAZHOCMUKY U
npo2HO3UPOBAHUA PA3BUMUS OPY2UX 3a001e8anull
cepoeuHo-cocyoucmoil cucmemolt Heio06exa

Knrouesvte cnoea: memod npoznozupoeanusi,
peuudusupyrowuii undapxm muoxkapoa, opou-
HawvHas KaaccuQukauus coCmosHui, 0UazHo-
cmuvecKull UHMepnoNAYUOHHBLI NOTIUHOM

0 0

1. Introduction

At present, there are certain achievements gained in
the field of diagnosing cardiovascular diseases. However,
myocardial infarction (MI) is still the most common cause
of disability and mortality among the social-significant
group of population group in the world. According to data
of the World Health Organization, every year 32,4 million
of cases of MI and strokes occurrence are recorded world-
wide. Patients with MI belong to the increased risk group
for the occurrence of further coronary events. The patients
who survived MI have the increased risk of relapses and re-
peated infarctions. This fact increases mortality by 5 % [1].
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The State Department of Statistics in Ukraine registered
1 879 963 people with the circulatory system diseases in
2014. More to the point, the contribution of MI to the
structure of mortality from the circulatory system diseases
over the past 4 years has increased by 14,3 %. There were
revealed 5779 cases of disease registered for the first time for
100000 of the population in the Kharkov Region (Ukraine)
alone. The index of mortality from the acute MI in the
structure of total mortality of the population of Ukraine
reached 18,7 %.

An increase in the stay of patients in the hospital and the
lethal outcome is caused by the relapsing MI (RIM) that is
a variant of the disease, at which new sections of the necrosis




of myocardium are developed during 28 days from the be-
ginning of previous MI [2]. Patients with MI need adequate
therapeutic measures, directed toward survival and averting
threatening complications. That is why the prediction of
possible development and outcome of RIM must be timely,
taking into account possible changes in the state of patient
during the period of stay in the clinic.

Thus, the relevance of the problem is defined by the
necessity of increasing the accuracy in predicting both the
occurrence of RIM and its outcome in the patients with MI
for the purpose of averting threatening states and reduction
in the hospital lethality.

2. Literature review and problem statement

For solving the problems of diagnosis and prediction in
medicine, in particular cardiology, different mathematical
methods and approaches are actively applied [3, 4].

The problem of prediction of the course of disease in
patients with MI is extremely complex. A number of known
methods can be used for its solution. Papers [5, 6] propose
the method of predicting the relapses of MI in patients, who
are in the rehabilitative period. This method is based on
the mathematical apparatus of fuzzy logic. The main disad-
vantages include the need for a large volume of the training
sample, which is not always acceptable under conditions of
decision making in emergency.

There is a known method of predicting the possibility of
occurrence of RIM, which is based on the mathematical appa-
ratus of artificial neural networks and standard algorithm of
reverse propagation [7]. This method is labor-consuming and
requires the redundancy of information about the patient (a
doctor has to enter minimum 25 factors to the map of patient).

A large number of existing methods and approaches
to the prediction of possibilities of occurrence of different
complications after previous MI are based on the methods
of mathematical statistics. Thus, papers [8, 9] describe anal-
ysis of survival of the patients who had MI with the use of
regression analysis, namely the multifactor regression model
of Cox. The authors on the basis of the methods of mathemat-
ical statistics also determined significant predicting factors,
which influence the risk of repeated and relapsing MI.

Authors of article [10] proposed a mathematical model of
proportional intensities for the prediction of MI and repeat-
ed cardiovascular catastrophes. All predictors of the model
synthesized by the authors were determined with the use of
the long-run test and Bayesian approach. Authors of paper
[11], on the basis of dispersion data analysis, determined
the influence of indices on the possibility of occurrence of
relapsing M1 and proposed a multiparametric mathematical
model for predicting lethal outcome from this complication.

The shortcomongs in the application of the considered
methods are:

— mandatory existence of a large number of tests;

—slow convergence of computational procedures with
a large number of factors, which complicates the process of
obtaining reliable solution;

— the margins of error in the calculations in the synthesis
of mathematical models are not accurately determined and
have certain randomness, which is caused by possible incom-
pleteness of the initial data.

The application of statistical methods also does not war-
rant the construction of complete and precise classification

of the states of patient for the prediction of RIM under con-
ditions of uncertainty of the initial information, which may
subsequently affect the accuracy of prediction.

Thus, it is necessary to design a method for predicting
RIM taking into account the enumerated shortcomings.

For the solution of the set problem, it is expedient to use
the methods of verbal decision analysis (VDA), developed in
the Institute of Systems Analysis of the Russian Academy of
Sciences. These methods are divided into three classes: dis-
tribution of alternatives according to the classes of solutions,
ordering of alternatives, and detection of the best alterna-
tive. The RIM prediction problem may be attributed to the
class “distribution of alternatives according to the classes of
solutions”.

There are three methods, with the aid of which they per-
form the distribution of alternatives according to the classes
of solutions: ORCLASS (ordinal classification of states),
CYCLE, CLARA.

The CLARA method categorizes not all possible vec-
tors of state, comprised of the criteria of evaluation of the
states of patient for the prediction of RIM, but only some
of them. In the CYCLE method, for constructing full clas-
sification during the formulation of diagnosis, the doctor
deals with two vectors y” and y”, those describing the state
of one patient [12]. In this case, the method of constructing
full classification, although is the fastest, however does not
describe all possible processes, necessary for the prediction
of RIM, in contrast to the ORCLASS method, by which, for
constructing full classification, a doctor-cardiologist is pre-
sented with one vector of state of the patient. The application
of the ORCLASS method also provides the possibility of
comprehensive consideration of the factors, which influence
the occurrence and outcome of RIM, their combinations and
mutual influence, which is extremely important.

3. The purpose and objectives of the study

The purpose of present study is to develop a method of
prediction of RIM using the method of verbal decision anal-
ysis ORCLASS.

To achieve the set goal, the following tasks are to be
solved:

— to determine the set of criteria for evaluation of the
state of patient for the prediction of RIM,;

—to build an ordinal classification of the states of pa-
tients for predicting the development of RIM;

— to design interpolation diagnostic polynomial for de-
termining the measure of proximity between the classes and
the group of attributes of RIM.

4. Development of method for predicting relapsing
myocardial infarction

At the first stage, for the prediction of RIM, based on the
method for determining significance of opinions of experts
during formation of an expert group [13—16], we selected a
group of experts, which includes the best 5 specialists, who
have been working in the field of cardiology for not less than
10 years.

At the second stage, experts define a set of criteria for
evaluation of the state of a patient: K=|Ki|, i=1,z where i
is the ordinal number of the criterion for evaluation of the



state, z is the quantity of criteria. For the problem of predic-
tion of RIM, the experts determined the following 5 criteria
(Table 1).

Table 1

Criteria for evaluation of the state of patient for the
prediction of RIM

Denotation Name
Ky type infarction
K, Killip heart failure, determined by the Killip scale
Ks hypertonia based on gender and age grading
Ky associated diseases
Ks pain syndrome (pain intensity)

Let us denote through kjj the j-th estimation of the i-th
criterion of RIM specificity, which is regulated descending-
ly j=1n(i), n(i) is the number of values of estimations on
the scale of the i-th criterion (different for each criterion;
therefore, depends on i). Possible values of criteria for the
prediction of RIM are represented in Table 2.

Table 2

Values of estimations of criteria of the state of patient for
the prediction of RIM

Significance, k;

primary microfocal MI

primary macrofocal MI

repeated microfocal M1

repeated macrofocal MI

MI without signs of circulatory failure

N[ = [ [ WD =] —

MI with signs of moderate heart failure

2 MI with acute left ventricular failure
(pulmonary edema)

w

MI with cardiogenic shock

male or female to 40

male or female from 41 to 50
female from 51 to 60
male from 51 to 60

male or female from 61 to 70

male or female older than 71

=D | UL WIS =&

no associated diseases

existence of the associated diseases that are more fre-

quently do not lead to the lethal outcome, such as the
kidney deficiency, anemia (not linked to the oncologic
diseases), chronic obstructive disease of lungs (CODL)

the presence of the associated diseases, is more frequent
3 | than leading to the lethal outcome, for example, diabe-
tes mellitus

1 no pain

weak pain, aching pain without irrodation
(spontaneous)

pain with irrodiation to left shoulder (lasting longer)

constant pain, periodically intensifies in the heart area,
4 radiating to the left shoulder, shoulder blade, arm, left
part of the head, not stopped with medication

At the third stage all values of the i-th criterion are
represented in the form of the rank qualitative scale in the
ascending order of the attribute of specificity of the degree of
severity of RIM (from the best to the worst) (Fig. 1):
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Fig. 1. Rank qualitative scale of the criteria of evaluation of
the state of a patient

At the fourth stage we determine the set of all hypothet-
ically possible states of patient, which is the Cartesian prod-
uct of the sets of values of the criteria K, of the form:

A=K, xK,xK,xK, xK;,
cardinality of the set A:
A=K <[ [ K < [ K - M

Set A determines the space of states of patient, subject to
the classification:

A={a}, )

where a;=(aj1, ajs, a;3, aj, aj5) is the vector estimation of the
i-th state of patient, a; eK,.

At the fifth stage we determine the class for the predic-
tion of RIM, to which the patient may be assigned with his
vector of state.

The ratio of strict domination is introduced for this pur-
pose: vector of state a; of the patient is better than the vector
of state a; of the patient if, by all the criteria, vector of state a;
has estimations that are not worse than vector of state a;, and
at least by one criterion has a bettter estimation.

All ajj states of patients are coded, using only ordinal
numbers of the values of the corresponding criteria and they
are ordered in the lexicographical order (from the best to
the worst).

Then the set A is divided into nonintersecting classes of
the state of patient, regulated by the growth of manifestation
of RIM:

A=U_C, (3)

where C; is the i-th class of the state of patient, i=1...1 is the
number of the classes of states of patient ordered from the
best to the worst.

Classes C; are meaningfully the diagnoses, regulated
from the best to the worst. In this case, the principle is used:
for the best states, the worst classes are forbidden (and vice
versa — for the worst states, forbidden are the best classes).
Formally this means that if:

— a,€C, then the best vector of state a,;2C, UC,;

— a,€C, then the best vector of state a, & C,.

Belonging a; of the vector estimation of the state of pa-
tient to one or another class is determined by the survey of
experts (straight classification), for the best/worst states,
forbidden are the worst/best classes (indirect classification).

Since the belonging of states to several classes C; is the
sign of incompletness of the process of classification of the
states of patients, then it is necessary to determine the set
of numbers of the classes G;j, permissible for the vector of
state a;.

The quantity of indirectly classified vectors of state a;
depends on what point of a multidimensional space, formed



by the Cartesian product of the scales of criteria of evalua-
tion of the state of patient is presented to an expert, and on
the class of the state C; to which he/she will assign the state
in question. Taking into account that the probability p; of
belonging a; of the vector of state to the C; class depends on
the proximity of this state to this class, then for each a; vec-
tor of state it is possible to determine the evaluation of the
obtained information for possible answers of experts and the
estimation of proximity of the state of patient to each of the
possible classes C;.

The process of classification consists in the determina-
tion of the most informative state, its direct classification
(presentation to a decision making person (DMP) and as-
signment to a particular class) and indirect classification of
the best states (forbidding the worst classes) and the worst
states (forbidding the best classes).

As a result of classification, each state of patient must
belong only in one class, that is, a definite diagnosis is formu-
lated for the patient in the given state. Thus, it is necessary
to determine a number of classes C;, forbidden for the best
and worst states, when assigning the vector of state a; to one
or another class.

At the sixth stage, for minimization of the number of
variants presented to experts during the division of set A
into C; classes, in each iteration of a multi-iterative pro-
cess, we determine a; vector of state, which provides with
any answer of experts for a maximum amount of expected
information in relation to other states. Let us describe this
procedure.

The measure of proximity of vector of state a,€ A to a
certain class C; is introduced, which will characterize the
probability that a; will be assigned by experts to class C;. It
is necessary to determine a maximally informative state of
the patient, which will be presentred to DMP, for assigning
to the class. For this purpose, we calculate the center s of
non-empty class Cj in the following way:

S]:(S]17512y-~-7slj)7

where

si=| X 4y |/[Ci] 4)

2,€C,

Then we determine distance d;; from the state a; to the
center s; of class C; by the following expression:

n(i)

di,l :zl,|aij _Slj|' ®)
=

After this, we determine a maximally possible distance
dmax between two vectors of state, which belong to the set A
(the best and the worst state):

n(i)

dmax = Z(n(l) - 1) (6)

Then we determine the probability p; of the fact that
DMP will assign state a; to the valid class C;:

pi,l = (dmax _di,l)/ Z (dmax _di,w ) (7)

weG;

where

wzf[n(i)

is the total number of possible combinations of estimations ac-
cording to the i-th criteria with n(i) number of values of estima-
tions by the scale. The probability of py is the larger the less is
the distance between the vector of estimations a; and the center
of class Cy. It is possible to consider that in this case the possibil-
ity of assigning vector of state a; to the class C; will be higher.

Let us denote through gj-;; the number of classes (amount
of additional information), forbidden for the best vector of
state a; if it is assigned to class C;. Its value is calculated by
formula:

8 = |Gj N{l+1,..., 1}| ®)

Let us denote through qj-;; the number of classes, forbid-
den for all best states with the vector of state a; assigned to
class C. Its value is calculated by formula:

Qpin = z Qisips (€)]

a;>a;

where the summing is conducted by all vectors of state a
that are better than a;.

The best classes are forbidden for the worst states.
Formally this means that if: a,eC,, then the classes Ci,...,
Cj.1are forbidden.

Let us denote through qj<i; the number of classes, for-
bidden for all the worst states with the vector of state a;
assigned to class C;. Its value is calculated by formula:

Ay =[Gt 1= (10)

Let us denote through gji; the number of classes, for-
bidden for all the worst states with the vector of state a;
assigned to class Cy. Its value is calculated by formula:

qj<i,l = Z qj<i,l7

a;<a;

(1

where the summing is conducted by all vectors of state a;
that are worse than aj.

Let us denote through q;; the number of additional in-
formation in relation to all classes of the states of patient,
forbidden for all other states at a, € C, Its value is calculated
as follows:

9i; =95y (12)

Then for each vector of state a; we determine evaluation
of its informativeness I; relative to class Cj:

Li=pyxqy 13)
and we determine the uniform quantitative index of infor-

mativeness [™# of each, not yet classified, vector of state
a,eA [12]:

Imax— Z I” )

leG;

(14)

At the seventh stage, as a result of ordinal classification
of the states of patients, the decisive rule is formulated for



the doctor with all a; vectors of state, distributed by the Ci
classes. The classes of possible states, to which a patient may
be assigned, are presented in Table 3.

Table 3
Classes of possible states of patients
Class Value
Cy without relapse
Cy relapse is possible without lethal outcome
Cs relapse is possible with lethal outcome

At the eighth stage, based on the data obtained as a re-
sult of classification, we synthesize interpolation diagnostic
polynomial. This polynomial will make it possible to deter-
mine the measure of proximity of the vector of state a; to
class C; and thus to predict possible state of a patient.

Interpolation diagnostic polynomial is presented in
the form of function whose arguments are the vectors with
the code of the state of a patient, formed by the ordinal
numbers of values of the corresponding criteria, and the
values are the numbers of classes, to which the states of
the patient belong:

K, % x K > { 11

where 1 is the quantity of classes of the states of patients.
Then the interpolation diagnostic polynomial may take the
following form:

K[|

£k Kk, )= Y Y

e e e

iy j n

K| K, |-
<k kKol (15)
where (kij...kij..k,) is the vector of state of patient; biy_ij_in
are the coefficients at the appropriate term.

It is known that two points uniquely determine a straight
line on the plane, three points — parabola, four — cubic
parabola, etc. That is why the corresponding interpolation
polynomial has a degree one unity less than the number of
points, in which the value of function is known.

At the ninth stage a doctor-cardiologist collects anam-
nesis of the patient, which include: results of inspection, of
conducted clinical-instrument (electro- and echocardiog-
raphy, angiography, etc.) and clinical laboratory examina-
tions (clinical and biochemical analyses of blood and urine,
coalography, etc.).

At the tenth stage, based on the experience and by the
results of analysis of information, received about the patient,
a doctor selects the values of each attribute of the degree of
manifestation of RIM k;; for the i-th criterion from the set K,
proposed by the experts.

At the eleventh stage a doctor forms the vector of state of
patient a; and, with the use of polynomial (15), determines
the values of measure of proximity to each class C;. After this,
based on the obtained values, a possible class of the state is
determined. Thus, a patient will be assigned to class Cy if

(K, e1.4)A(K, el.4)A(K, €1.5) A
AK, e1.3)A(K, 1.4),

Cy —if
(K, e1.4) A(K, e1.4) A (K, €1..6) A
AK, e1.3)A(K, el.4)

and C3 — if
(K, e1.4)A(K, e1.4) A(K, €2.6) A
AK, e1.3)A(K, e1.4).

At the twelfth stage, a diagnostic conclusion is formed for
making a final decision by the cardiologist.

5. Ordinal classification of the states of a patient for
predicting relapsing myocardial infarction

The process of ordinal classification of the states of
a patient based on the proposed method is the one-time
multi-iterative procedure, which can be presented in the
following form.

Let us determine cardinality of the set |A| of hypotheti-
cally possible states of patient by (1):

|A|=4x4x6x3x4=1152.

The space of states of a patient, due to be classified, takes
the form by (2):

1152

A= {ai }1:1 :

Initially (in the first iteration), class C; includes the
vector of state a;=(1, 1, 1, 1, 1). This class is not empty, it
consists of one element, which determines the center of the
class: si=(1, 1, 1, 1, 1). By analogy, for class C3 — s3=(4; 4; 6;
3;83=(4; 4; 6; 3; 4).

The center of class C, is defined as the arithmetic mean
of values of the corresponding components of the centers of
classes sy and s3 by (4):

s, = (M;M;HG;HB;M) =(2,52,5,3,52;2,5).

Let us calculate the informativeness I; of vector of state
(a,1,1,1,2).

Let us first determine distances dy, do and d3 from this
state to the centers of classes Cy, Cy and C3 according
to (5):

dy =[t=1]+[1=1|+[t=1]+ 1= 1| +]1-2|=1;
dy=[2,5-1]+]2,5-1+[3,5-1|+[2—1]+]2,5-2|=T7;
dy=|4-1|+[4-1|+|6 -1 +[3-1] +|4-2|=15.

Maximum distance (distance between the best and the
worst state) by (6) can be determined as

d =[1= 4|+ 1= 4] +[1-6]+[1-3|+[1- 4| =16.
Then by (7) we will determine probabilities py, p2 and

p3 that DMP will assign state (1, 1, 1, 1, 2) to classes Cy, Cy
and Cs, respectively:



d,. —d, 5 15

max

P d —d+d,, —d,+d, —d, 15+9+1 25
— dmax_dQ _i

p2 - dmax _d1+dmax _d2+dmax _d? - 257
— dmax_d?; _i

p3 - dmax _d1 +dmax _d2 +dmax _dS - 25

If DMP assignes vector of state (1, 1, 1, 1, 2) to class Cy,
then it will give no additional information about the belong-
ing of other states to one or another class. Actually, based
on the fact that the best states cannot belong to the worst
classes, for the vector of state a; it is necessary to forbid
classes C, and Cs. From the other hand, based on the fact
that the worst states cannot belong to the best classes, then
for these states it is necessary to forbid the classes, which
are better than C;. But there are no such classes because
by condition C; is the best class, that is, amount q; of addi-
tional information with DMP’s assigning of vector of state
(1,1,1,1,2) to class Cy is equal to zero (q;=0).

If DMP assigns vector of state (1, 1, 1, 1, 2) to class C,,
then for the best state ay, it is necessary to forbid the worst
class C3. And for the worst states, it is necessary to forbid the
best class Cy. Their quantity is determined based on that the
values of all components of all the worst states are not better
than (1,1, 1, 1, 2):

— the first component changes from 1 to 4 (4 variants are
possible);

— the second component changes from 1 to 4 (4 variants
are possible);

— the third component changes from 1 to 6 (6 variants
are possible);

— the fourth component changes from 1 to 3 (3 variants
are possible);

— the fifth component changes from 2 to 4 (3 variants
are possible);

Thus, there are 4x4x6x3x3=864 variants of combi-
nations of the values of components. These combinations
include vector of state (1, 1, 1, 1, 2) and the worst vector
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I1=p1xq1=£x0=0;

I,=p,xq, =%x862=310,32;

I, =p,Xq, =%><1724= 68,96.

Next by (14) we will calculate the uniform quantitative
index I™aX of vector of state (1, 1, 1, 1, 2).

™ =1+1,+1,=0+310,32+68,96 = 379,28.

Thus, after the first iteration, for the selected vec-
tor of state we obtained the mean expected amount of
additional information, with its presentation to DMP,
equal to 379,28. All subsequent iterations are carried out
analogously. The process of classification is completed as
soon as each vector of state of a patient belongs only to
one class of state.

The known values of function in the points, assigned by
the coding vectors, are used for finding the values of coef-
ficients of diagnostic polynomial. In this case, the problem
comes down to solving the system of 1152 linear equations
with 1152 unknowns of the form:

1b11111 + 1b11112 +. "+1b44634 = 1;
5668704b,,,,+1889568b,,,,, +...+1b, 55, = 2
18345885696b, ,,, +4586471424b,,,, +...+1b, e, = 3.

The matrix of coefficients of this system has dimensions
of 1152 by 1152 and consists of 1 327 104 elements and its
solution can be found based on the Gauss method.

Fragments of the matrix of coefficients of the system
of equations and the inverse matrix are given in Fig. 2, 3,
respectively.

Fig. 4 demonstrates fragments of the column with values
of the obtained coefficients.

of state (4, 4, 6, 3, 4), it does not belong

g F G H | J K |ARJARKJARIARI

to class Cy because originally a,;, e€C,. 1| 1| 1| 1| 1| ] 1| 1LA HA 14
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den. In other words, amount qy of addi- 12 108 36 12 4 54 1827 9 3 1
tional information with DMP’s assigning % 253 '3"91 13 -; 122 3§ '31 1? : 1
of vector of state (1, 1, 1, 1, 2) to class Cy is —5 ] - 26 13 9 o B
equal to 862: q,=1x862=_862. 1148] 650963392 266654464 95651488 31850406 G5UDGI92  2866A4d64] 27 9 3 1
If DMP assigns vectors of state 1143 2038431744 509607936 127401984 31850496 2038431744 509607936 64 16 4 1
(1, 1, 1, 1, 2) to class Cs, then for the 1150 127401984 127401984 127401984 127401984 63700992 63700992 1 1 1 1
bost state a. it is necessary to forbid the 151 1019215872 509607936 254803968 127401964 509607936 254803968 8 4 2 1
ests 1 y 1152| 3439653568 1146617856 362205952 127401984 1719926784 573308928 27 9 3 1
worst class, but there are no such classes 1153 153726976 2033431744 509607936 127401984 4076863488 1019215872| 64 16 4 1
because by tcondition Cj is the worst 1154 286654464 286654464 266654464 286654464 95551485  95551488) 1 1 1 1
class. But for the worst states. it is ne- 1155/ 2293235712 1146617856 573308928 286654464 764411904 382205952 § 4 2 1
e forbid the best cl: o C.and 156 7739670528 2579890176 859963392 286654464 2679890176 859963392 27 9 3 1
cessary to torbid the best classes Oy and  3q57| 15345855696 4586471424 1146617856 286654464 6115205232 1525823808] 64 16 4 1

C,. In other words, amount qs of addi-
tional information with DMP’s assign-
ing vector of state (1, 1, 1, 1, 2) to class
Csis equal to: q;=2x862=1724.

Next, in accordance with (13), let us determine the es-
timation of informativeness Ij, Is and I3 of vector of state
(1, 1,1, 1, 2) relative to classes Cy, Cy u Cs, respectively:

Fig. 2. Fragment of the matrix of coefficients of the system of equations (parts
of the first and last ten lines, and the first six and last four columns are shown)

The corresponding fragment of the interpolation diag-
nostic polynomial (the first and last ten members) by (15)
takes the following form:



£k, kiy kip ki ko5 ) = —0,00000001 2k k? k2 k? ke +
+0,036863517k’ k% k> k2 k2 —0,184317327k 'k ok k 2k +
+0,203356591k kykk? ks +0,024575657k k? k7 k! kY —
-0,331771127k} k%, k) k! k2 +1,156269917k )k’ k) k! ks —
-1,092940152k’ k7, k> k! k —0,049151266k] k’ k>, k! kY +
+0,498264 12k k%7 k) k2 +...+35570,5061 1k x),k k> ki —
~25819,50353k{ k,k ik’ ks —7818,834735k k0, k P k! ki +
+63008,0101k’k{,k?% k! k’, —154453,1878k{k,k k! ks +
+111034,512k k), k k! k' +7652,334455k ) kP, k k! k% —
-61110,50809k !k, k? k" k’ +148297,1837k k!, k{k? ks —
~105389,0096k{ k,k k! k..

out relapse (126 cases), group 2 — RIM without the lethal
outcome (26 cases), group 3 — RIM with the lethal outcome
(34 cases).

All observations were divided into a training sample
(70 % of examinations, 87 cases of group 1, 18 cases of group
2 and 23 cases of group 3) and the test sample (30 % of ex-
aminations, 39 examinations from group 1, 8 examinations
from group 2 and 11 examinations from group 3) (Table 4).

Based on the data on the patients, we performed esti-
mation of deviation in values of the interpolation diagnostic
polynomial from the assigned tabular values. Minimum
deviation is approximately equal to zero and it is observed in
point (1, 1, 1, 1, 1), the largest deviation, approximately equal
to 0,0001, is in point (4, 4, 6, 3, 4).

The results of prediction for the train-
ing sample, obtained with the aid of the

F [ G I H I | ARM | .
1159 1.92902E-05 -5 78705E-05 & 7&704E-05 -192001E-05 -3 85803E-05| 1.92901E-05 developed method, demonstrated th.at.
1160| -0.000173611 0000462964 -0.000405033 0.000115741  0.000347223| -0 000115741 — 2 people from group 1 were mistak-
1161] 0000501544 -0.001099539 0000810187 -0.000212192 -0.001003087| 0000212131  eply assigned to group 2; 85 — determined
1162| -0.000462963 0 000604445 -0 000462964 0000115741  0.000925926| -0 000115741
1163 -9 64507E-05 0000289352 -0.000283352 0 64507E-05  0.000154321| -5 78704E-05 correctly;
1164| 0.000868056 -0 002314317 0002025465 -0.000578704 -0.00138389| 0.000347222 — 1 person from group 2 was mistak-
1165| -0.002507718  0.0054976% -0.00405093 0001060958  0.004012348| -0 000636574 . )
1166 0002314816 -0.003472225 0002314817 -0000578704 -0.003703705| 0000347222 enly assigned to group 1; 17 people — de-
1167| 0000115741 -0000347222 0000347222 -00001156741 -0.000115741| 3 85802E-05  termined correctly;
1168| -0.001041667  0.0027777& -0.002430557  0.000694445  0.001041668) -0.000231451 _for groun 3 all cases were deter-
2301 -208.0000187 456 0000453 -336.0000363 8800001008 4160000293 -0 9166670a1 group
2302| 192.000011 -288.0000268 192.0000219 -45.00000598 -384.0000174| 0500000243 mined without mistakes.
2303| 400000043 -1200000102 120 0000083 -40 00000224 -64 000006G3| 0 250000087 . P
2304] -360.000031 960.0000743 -840.0000605 240 0000165 576.0000485| -150000065 Thus, in the training sqmple, the pre-
2305 1040.000065 -2230.000165  1530.00013 -440.0000354 -1664.000103| 2750001436  diction of RIM is determined correctly
2306| -960 0000374 1440000092 -960 0000757 240 0000208 1536.000059| -1 500000834 0 fa ol e o
2307| -48.00000337 144 000002 -144 0000066 48.00000179 48.000005193| -0 166666733 fqr 97,7 ,/° of the Ob,Ject’ which is by 2,7 %
2308 432.0000243 -1152.000069 1005.000045 -285.0000131 -432 0000375 1.000000501 hlgher In comparison to the method-
2309| -1248.000051 2736.000125 -2016.000103 5280000282 1248.000078| -1833334448  prototype [7].
2310 1152000029 -1728.000072 1152 00006 -288 00001685 -1152.000045| 1.000000653

Fig. 3. Fragment of the inverse matrix (parts of the first and last ten lines, and the

first five and last of columns are shown)

1159] -121405E-08 2301] 3557050611
1160 0036863517 2302 -25819 50353
1161] -0.184317327 2303] -7818.834735
1162] 0203356591 2304 63008 0101
1163| 0024575657 2305 -154453 1878
1164] 0331771127 2306 111034 512
1165 1156269917 2307 7652334455
1166] -1092940152 2308 -61110 50809
1167| -0.049151266 2309 148297 1837
1168) 049826412 2310 -105389 0096

Fig. 4. Fragments of the column with values of the
coefficients

In the process of predicting relapsing myocardial infarc-
tion, a doctor uses the obtained polynomial. Depending on
the obtained value of function, in accordance with the deci-
sive rules, a possible class of the state is determined, which a
patient can experience.

6. Discussion of results of predicting relapsing myocardial
infarction using the designed method

To verify the developed method, we examined the histo-
ries of diseases from186 people who had acute MI in the car-
diological department of the 4th municipal clinical hospital
of ambulance and emergency medical aid named after Pro-
fessor Meshchaninov (Kharkov, Ukraine). All examinations
were divided into three groups according to the proposed
classification of possible states C;: group 1 — patients with-

Based on the comparison of predicted
and actual states, in the test sample, the
prediction of RIM is determined correct-
ly for 98,3 % of the objects.

Table 4

Results of prediction of RIM with the aid of the proposed
method and the method-prototype

Designed method Method-

Group | N |Training sample| Test sample prototype
n n’ n n’ n n’

1 126 85 2 39 0 121 5

2 26 17 1 8 0 23 3

3 34 23 0 10 1 32 2
Total 186 125 3 57 1 176 10

General results of prediction, obtained with the aid of
the designed method, demonstrated that:

— 2 people from group 1 were mistakenly assigned to
group 2; 125 — determined correctly;

—1 person from group 3 was mistakenly assigned to
group 2;

— 25 people were determined correctly;

—1 person from group 2 was mistakenly assigned to
group 1;

— 35 people were determined correctly.

The estimation of the predictive properties of the devel-
oped method was conducted using the ROC-analysis. The
value of area under the ROC-curve, which makes it possible
to estimate the diagnostic (predictive) value of the developed
diagnostic polynomial, comprised 0,987 (0.981, 1.000) that
indicates excellent quality of the model (Fig. 5). Sensitivity of
the designed method reached 0,984, specificity — 0.967.
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Fig. 5. ROC-curve

The developed method of predicting RIM on the basis
of a mathematical model, represented in the form of inter-
polation diagnostic polynomial, is of practical interest for
a doctor-cardiologist. This interest is in the possibility of
predicting the relapse of disease and sudden coronary death
by the qualitative indices that do not require considerable
labor costs. The designed method also considers the totality
of the attributes of disease, their combination and mutual
effect, which is especially important when predicting such
a complication.

The developed method may find further application
when predicting not only RIM but also other human cardio-
vascular system diseases when it is also important to take
the opinions of experts into account.

7. Conclusions

1. As a result of the study, based on expert estimations,
we determined a set of criteria and classes of estimation of

the states of patients, which makes it possible to conduct
ordinal classification of vectors of these states for the pre-
diction of RIM. The following criteria were selected: the
type of infarction; heart failure, determined by the Killip
scale; hypertonia with regard to gender-age gradation; pain
syndrome (pain intensity); the associated diseases (kidney
deficiency, chronic obstructive disease of lungs, diabetes
mellitus, etc.).

2. A decisive rule is designed of the classification of
possible states of a patient, based on the formalization of the
experts’ knowledge, which includes all possible vectors of
states according to the assigned set of criteria and making it
possible to determine one of the three possible classes for the
prediction of RIM: without the relapse, the relapse is possi-
ble without the lethal outcome or relapse is possible with the
lethal outcome.

3. The synthesized interpolation diagnostic polynomial,
based on the use of full verbal classification, makes it pos-
sible to determine belonging of the state of a patient to the
class of RIM by calulating the value of polynomial for the
vector of state of a patient.

4. We developed a method for predicting RIM, based
on the interpretation of the expert knowledge and the use
of diagnostic interpolation polynomial, which allows, by
quality indices that do not require considerable labor costs,
determination of the possibility of relapse of the disease and
sudden coronary death.
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