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EXPANDING OF INTELLECTUAL POSSIBILITIES OF DIGITAL

TONOMETERS FOR HOME USING

The purpose of the article is to expand the intellectual capabilities of digital blood pressure monitors, which will increase the
efficiency of their use at home. The proposed approach boils down to simple computational procedures that can be implemented on
the internal processor of a home blood pressure monitor. It is shown that to assess long-term variability of indicators, it is enough
to use the recurrence formulas for each current measurement to correct the range of recorded values, refine the mean and standard
deviation, calculate the Pearson coefficient of variation and the index characterizing the percentage of measurements that exceed

established medical standards.
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Introduction

Arterial hypertension (high blood pressure) is one
of the most common diseases of the cardio-vascu-
lar system that suffer about 30% of the adult popu-
lation [1]. The prevalence of diseases increases and
reaches 65% among people over 65 years old [2].
With untimely diagnosis and treatment, the disease
can cause serious complications — myocardial
infarction and cerebral stroke, which often result
the patient’s death or disability.

Diagnosis and evaluating the effectiveness of
arterial hypertension treatment primarily involves
the measurement of blood pressure (BP) [3]. The
auscultative method of measuring using the cuff
and tonometer Riva-Rocci has been used in medi-
cal practice for more than a hundred years. With
a decrease in pressure in the cuff, when the blood
begins to pass through the squeezed section of
the vessel, vortices and turbulence appear, crea-
ting characteristic sounds (Korotkov tones) that
are heard in the phonendoscope and determine
the levels of systolic and diastolic blood pressure.

Due to its accuracy, simplicity and accessibility, the
Korotkov method has become the gold standard
and is recommended by the World Health Organi-
zation for worldwide use.

Along with the advantages, the auscultative
method has a number of disadvantages that limit
its use at home [4]. Firstly, listening to Korotkov’s
tones requires certain qualifications, especially
when measuring the patients’ blood pressure with
the so-called effects of "acoustic failure" or "infinite
tone, which, according to statistics, are found in
7% of patients. Secondly, even with typical Korot-
kov tones, the measurement accuracy substantially
depends on the location of the phonendoscope on
the arteries, and the error increases significantly
when measured through clothing. And finally, the
main drawback of the Korotkov method is the
complexity of the measurement automation, which
makes it difficult to build reliable digital blood pres-
sure monitors for home use.

Control at home provides the possibility of long-
term monitoring, which is extremely important
both for the prevention of arterial hypertension
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and for further monitoring after discharge of pa-
tients from the hospital. Therefore, home observa-
tion, without pretending to replace the traditional
clinical measurement, is an informative method for
clarifying the diagnosis in most clinical situations,
especially in people with suspected "masked hyper-
tension".

Recently, the market of medical devices for
home use has been developing rapidly [5—7]. A
significant place in this market is occupied by home
blood pressure monitors, which allow individuals
without special medical training to independently
control blood pressure [8—10].

In such tonometers, the oscillometric method
of measurement is most often used, it is based on
recording the amplitude of the pulsations of air
pressure at the time of passage of blood through
the portion of the artery squeezed by the cuff. The
method allows you to automatically measure with
weak tones of Korotkov, in the presence of the
phenomenon of “auscultation failure” and other
effects that are difficult for the process of automa-
tion of measurement by the Korotkov method.

In addition, the oscillometric method can be
used at a high noise level, its results are almost inde-
pendent of the turn and movement of the cuff along
the arm, and the measurement accuracy does not
decrease when determined through the thin fabric
of clothes.

Digital tonometers based on the oscillometric
method are constantly being improved. Recently,
a new generation of devices for home use has ap-
peared, in which intelligent technologies are im-
plemented that provide protection against errors in
various arrhythmias, including arterial fibrillation,
weak pulses and other difficult situations. Tonome-
ters of this class are represented on the medi-
cal equipment market by well-known companies
Omron and Citizen (Japan), Mocrolife (Sweden),
Medisana (Germany), Gamma (England) and seve-
ral other companies.

Analysis of available publications shows that
the intellectual capabilities of home blood pres-
sure monitors are far from exhausted. The rapid
development of microelectronics and intelligent
methods for detecting subtle changes in signals of
a complex shape against a background of interfe-

rence make it possible today to realize a number of
important additional functions in tonometers.

The purpose of this article is to further expand
the intellectual capabilities of digital blood pres-
sure monitors, which will increase the efficiency of
their using at home.

Integral assessment of blood vessel
elasticity

Human vascular system consists of veins, arteries
and capillaries. The total length of the blood ves-
sels of the human body is about 100 thousand kilo-
meters, which is more than twice the length of the
equator of the Earth.

Determination of the blood vessels properties
is an important link for the early detection, pre-
vention and treatment of cardiovascular diseases.
Elastic vessels allow you to save the stroke volume
of blood, reduce the load on the heart and ensure
smooth movement of blood from vessels of large
diameter to vessels of smaller diameter. As a result,
the pulsating blood flow from the heart is converted
into a continuous and even flow through the entire
vascular bed, which is very important for the nor-
mal functioning of the body.

It is known that aging of the body is accompa-
nied by a loss of elasticity of blood vessels [11]. An
increase in arterial stiffness leads to an increase in
the pulse wave propagation speed, and this factor is
currently recognized as one of the main risk factors
for hypertension and the occurrence of coronary
heart disease [12—14].

In recent years, non-invasive rheography
methods have become widespread [15], which pro-
vide automatic determination of the pulse wave
propa-gation velocity and the other parameters of
vascular stiffness, which carry information about
the initial signs of cardiovascular pathologies. In
clinical conditions, the pulse wave velocity (PWYV)
is determined using special sensors installed in the
carotid and femoral arteries. In this case, the PWV
is estimated by the value of the delay of the signal
recorded by these sensors [16].

There is another way: PWV is estimated by the
time between the moments of the appearance of a
direct pulse wave 1 generated by the current heart

ISSN 2706-8145, Control systems and computers, 2020, N° 1 61



Fainzilberg L.S.

o |
=
E
E
Resulting signal
100 ! /
1
|
90 |
1
80 :
Systole | Diastole
70 1 1

0 100 200 300 400 500 600 700 800 900 ms

Fig. 1. Pressure in the bloodstream generated by forward 1
and backward 2 pulse waves
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Fig. 2. The methodology of the oscillometric measurement
method

beat and a reverse pulse wave 2 reflected from the
extremities (Fig. 1).

At the current contraction of the heart (systole),
a wave of increased pressure occurs (direct pulse
wave 1), which propagates through all blood ves-
sels. Reaching the limbs, this wave is reflected and
generates an “echo” wave” 2, which propagates in
the opposite direction of the vascular tree. With
elastic arteries, the pulse wave propagation speed
is relatively low and reflected wave 2 returns to the
ascending aorta during the diastole (relaxation of
the heart muscle). Such a delay is favorable, since
in this case the reflected wave does not overlap the
systolic phase and does not affect the systolic blood
pressure.

On the contrary, with a decrease in vascu-
lar elasticity, the pulse wave propagation velocity
increases. As a result, reflected wave 2 returns
to the heart already in the systole period, which
leads to an increase in systolic blood pressure, an
increase in afterload on the heart, an increase in
oxygen consumption by the myocardium and
damage to arteries [17]. Therefore, an assessment
of the elasticity of blood vessels can provide impor-
tant information about the complex of risk factors
for cardiovascular diseases [18].

Let us show that digital tonometers with a cer-
tain improvement tare able to provide information
about the pulse wave propagation speed and there-
by evaluate the integral stiffness index of blood ves-
sels. To do this, we first consider some details of the
oscillometric measurement method (Fig. 2).

Fig. 2. illustrates the methodology of the oscil-
lometric measurement method:

a) a graph of changes in air pressure in the cuff;

b) signal after trend removal;

¢) micropulsation (oscillation) of the signal
during the measurement;

d) the calculation of the systole
blood pressure levels by the "bell".

The initial data for the calculation is a finite
sequence of discrete pressure values

P, P,, .. P, (1
which record during decompression from the ini-
tial value above the expected systolic to the final
value below the estimated diastolic pressure (Fig.
2, a). Recursive procedure:

and diastole
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with a sufficiently large window W, allows us to es-
timate the low-frequency trend of values and sub-
tract it from the initial data (Fig. 2, b).

Further processing ensures the construction
of the amplitudes array ¥, i=1,..,N of the signal
micropulsations, the level of which exceeds a pre-
determined threshold of insensitivity. Using special
procedures, a “bell” is constructed — an approxi-
mation dependence of the amplitudes )},-’ i=1,...N
of micropulsations relative to the corresponding
pressure levels during the decompression period.
The systolic and diastolic pressure levels P, are esti-
mated by the maximum P __of this bell (Fig. 2, ¢)
using the formulas

SPB=gq,P, 3)

maxs

DBP =gq,P,,,, (4)
where q,, g, are empirical coefficients.

Experimental studies have shown that the intel-
ligent computational procedures, proposed in [19],
make it possible by the signal P(¢) recorded during
the decompression process to obtain not only the
information necessary for measurement blood pres-
sure levels, but also to “see” the fragments carrying
information about pulse wave velocity. This gives
us the key to the construction of a new generation
of home blood pressure monitors, which allow the
integral measurement of the stiffness of blood ves-
sels during the measurement process [20].

Figure 3 shows a graph of the signal P(¢) during
the cuff decompression. At pressures close to SBP
and DBP fragments F caused by the reflected pulse
wave are observed on the oscillations. Such frag-
ments have the characteristic shape and can be
automatically detected using computer algorithms
implemented on the internal processor of a home
digital blood pressure monitor.

To determine the elasticity of the vessels, we cal-
culate the time delays T,, / =1,2,... between the mo-
ment when the corresponding oscillation takes the
maximum value and the moment of appearance of
the fragment F caused by the reflected wave. Then,
we determine the average value of time delays for a
certain sequence L of such oscillations:

Pressure sensor P

Fig. 3. lllustration of the proposed method

1L
T —ZE@, (5

The obtained value makes it possible to deter-
mine the average propagation time of the pulse
wave in the forward and reverse directions of blood
flow, by which it is possible to integrally evaluate
the elasticity of the patient’s blood vessels (stiffness

index) by formula
=2 (©)

T

where H — patient height.

Checking the effectiveness of the proposed ap-
proach was carried out using a computer prog-
ramme, the input of which received a sequence of
(1) pressures during the oscillometric measure-
ment using BP by home tonometer. The stiffness
index I, was calculated according to the method
described above, for which the programme imple-
ments computational procedures for searching and
automatically recognizing fragments F of oscilla-
tions generated by reflected waves.
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Fig. 4. Results of experiments on the calculation for dif-
ferent ages volunteers: 57 years old (a); 35 years old (b);
14 years old (c)

Experimental studies were conducted with a
group of healthy volunteers (27 people of both
sexes) of different age groups. Figure 4 shows the
results of calculation experiments obtained from
three healthy volunteers.

The first person was 57 years old, H=1,76 m.
The time delays between the maximum values
of the oscillations and the moments of the ap-
pearance of fragments generated by the reflected
pulse wave in two successive oscillations were
1, =1,=0,184 s (Fig. 4, a). Therefore 1 =0,184 s
and /,=(2-1,76)/0,184 =19,1 m/s.

The second volunteer was 35 years old, H=
=1,78 m. The time delays between the maximum
values of the oscillations and the moments of the
appearance of fragments generated by the reflec-
ted pulse wave in two successive oscillations were
1,=0,288s, 1,=0,232s (Fig. 4, b). Therefore
1=0,26s and 7, =(2-1,78)/0,26=13,7 m/s.

The third person was 14 years old, H=1,65 m.
The time delays between the maximum values of
the oscillations and the moments of the appearance
of fragments generated by the reflected pulse wave
in two successive oscillations were 1 =0,256s,
1, =0,288 s (Fig. 4, ¢).

Therefore t =0,272 sand / =(2-1,65)/0,272 =
=12,1 m/s.

The results are consistent with the well-estab-
lished notion of clinicians about increasing the
value of the stiffness index as the body ages.

An analysis of the publications suggests that the
pulse wave form carries information not only about
vascular stiffness, but also about other important
characteristics of the body [21]. Therefore, it is
advisable to direct further research to the construc-
tion of diagnostic models that allow one to indi-
rectly evaluate these characteristics in the process
of oscillometric measurement BP and implement
these models into home blood pressure monitor.

Let us consider one of the possible approaches to
solving this problem.

By analogy with [22], let us approximate the re-
sulting signal generated by the direct and reflected
pulse waves (see Fig. 1) as the sum of the asymmet-
ric Gaussian functions

_ 2 . 2
IA’(Z) =4 exp[—%j + A4, exp(—%}
2[b,(1)] 2[b,(1)]
1=1,2,..., (7)
in which
W, =U +T, (8)
and
b mpu t<p,
b=, g, ©)
b,.( ), mpu ¢ > L,

Next, we calculate the optimal values of eight
parameters 4 , u, , b",b" , i=1,2 which are figu-
ring in (7), which satisfying the criterion of the
minimum mean square deviation of discrete values
P(r) from the observed values P(7). To determine
the optimal values 4, v, b, b, i =1,2 you may use
the analytical method described in [22]. However,
from a computational point of view, this method
seems rather cumbersome for its implementation
on the internal processor of a home blood pressure
monitor.

But we may go the other way. The experiments
showed that acceptable values 4, p, b, b", i=1,2
can be found by a simple search procedure using
a set of pretabulated exponential functions y=e¢"
with different values of the argument x. As a result,
the real signal generated by the direct and reflected
waves uniquely encodes by totality of the parame-
ters found (Fig. 5).
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As can be seen from fig. 5, the found optimal
valuesofthe parameters 4, 1., 5", 5", i =1,2 charac-
terize the shape of the observed pulse wave quite
well, which means that they can be used as argu-
ments of models

Z, :Zk/.(Ai,ul.,b;”,bf”), j=1,..J, (10)
providing the indirect determination of physiologi-
cal characteristics Z, j=1,...J. Identification of
such models is supposed by observation samples
based on the inductive modeling methods [23].

Assessment of blood pressure
variability with a home blood
pressure monitor

It is known that most physiological parameters
(pulse rate, blood pressure and many others) are
subject to significant spontaneous fluctuations (true
biological variability) [24, 25]. If such fluctuations
lie within certain limits, then this is considered a
physiological norm. According to [26], in practi-
cally healthy people aged 20 to 60 years, the daily
variability in blood pressure is at least 10% of the
average levels SBP and DBP.

24 hour monitoring of blood pressure, which
is carried out using the special devices, allows to
determine the time intervals 7|, T, ..., when BP
exceeds the norm (Fig. 6), to evaluate the average
values in the daytime and nighttime and a number
of other indicators that carry valuable information
in the diagnosis of hypertension [ 27].

Of course, 24 hour monitoring has a number
of advantages compared to measuring blood pres-
sure in a medical institution. The method allows to
obtain a profile (series of values) BP under condi-
tions typical for the patient and thereby eliminate
the so-called “white medical gown” effect. In ad-
dition, it becomes possible to identify patients with
a high risk of cardiovascular complications due to
the lack of an adequate reduction BP at night and
night time hypertension.

However, it is clear that 24 hour monitoring does
not allow to assess the long-term variability BP
between visits to the doctor (so called visit-to-visit
variability), which, according to the doctors, is very
important for making the right diagnostic decisions
[28—31].
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Fig. 5. The result of approximation of the real pulse wave
by function (7)
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Fig. 6. Profile for 24 hour monitoring of blood pressure

Let us show that minor improvements to the
home blood pressure monitor will provide the user
with a number of additional useful functions that
characterize the individual characteristics of ones
pressure profile.

We will consider the values SBP, i=1,2,... of
systolic blood pressure, which were observed in a
particular user over a sufficiently large period of
time (weeks, months, years), as the implementation
of a random variable P with a probability distribu-
tion R,,.

We denote the carrier of this distribution by the
set

QSBP :{P:iRSBP >0}, (11)
and let M, be the average value of SBP, i=1,2,....

Let further Q) =[100, 120] be the set (range) of
normal values accepted in medical practice SBP'.

We consider four options for the mutual arrange-
ment of sets and relative to the axis of values (Fig. 7).

Case 1. O, Q) i.e. the range Q_,, of mea-
sured values is fully included in the normal range
Q). of systolic blood pressure.
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Fig. 7. The relative position of the sets Q,

Case2.(Q,, NQU) =D, Q. / (Q,, NQ) =
# . therange QW partially enters the region Q.
moreover M, € Q) i.e. the average of the mea-
sured values belongs to the normal range Q) of
systolic blood pressure.

Case3. (Q,, NQU ) =D, Q. /(Qg, NQL ) #
#J, i.e. the range Q,, partially enters to the re-
gion Q) , moreover M, ¢ QY , i.e. the average
of the measured values do not belong to the normal

range Q) of systolic blood pressure.

Table 1. One of the option for generating quality
information (when SBP > 100 mmHG)
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Case 4. (Q, N Q)= | those the range of
measured values Q. extends beyond the normal
range Q. of systolic blood pressure.

In the first case, the patient should be considered
healthy. In the second case, the results of indivi-
dual measurements did not correspond to the nor-
mal range Q). . But since the average M, of the
measured values belongs to the region Q) , such
a patient can be classified as conditionally healthy
with a tendency to hypertension. In the third case,
and especially in the fourth, there is nothing left to
do but to attribute the patient to a group of patients
with varying degrees of arterial hypertension.

Note that for the practical implementation of
the proposed approach, it is not necessary to have
the entire array of measured values. For each mea-
surement SPB, it is enough to override the mini-

mum SBP . and maximum SBP__ of full array
by scheme

SBP,  =SPP, if SPP<SBP, ., (12)

SBP,.. =SPP, if SPP > SBP.MU L, (13)

and refine the current average

rence formula
=M

SBP.i SBP.i-1

4 USINg a recur-

+ ;[SBP,’ - MSBP.H],

(14)
by setting the initial conditions M, , =0 and also
SBP,,, = SBP,, , = SBF,.

Applying the recurrence formula for calculating
the modified random variance estimate for a sample
of independent observations proposed in [32], it is
also possible for each measurement SBP, i=1,2,...
to reevaluate the current value of the mean square
(standard) deviation ¢ ., of the systolic blood pres-
sure value for a particular patient.

To prevent distortion SBP,, , SBP,, , My, and

G, 1S advisable to provide an additional button
in the tonometer, with which the user can block the
recalculation of these values at the slightest suspi-
cion of an error in the current result due to random
artifacts.

With each measurement we can also calcu-
late the current values of Pearson coefficient of
variation s

VSBP =—2-100%
M, (15)

N(E)
Iy =—25:100%

and index

(16)
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characterizing the ratio of the number of measure-
ments at which the systolic blood pressure excee-
ded the threshold SBH = 140 mmHg to the total
number of measurements.

In addition, with each measurement, we may
calculate the value

Agp, =SBP —M,, i=12,.. (17)
characterizing the deviation of the current result
SBP from the previously found average value M,
and compare the value A, with the current value
of the standard deviation G .

As aresult, with a simple refinement of the inter-
nal software, the home blood pressure monitor can
additionally display on its screen quality informa-
tion about the current functional state of the pa-
tient in the form of understandable graphic images
(emoticons). One of the options for the formation
of such information is presented in table 1.

In a similar way, we can calculate the values
DBPmin’ DBPmaxs MDBP: O peps VDBM’ IDBM aHOWing usto
estimate the variability of diastolic blood pressure
DBP,i=12,....

To illustrate, consider an example of the forma-
tion of qualitative information in the analysis of
systolic blood pressure.

Figure 8 shows a graph of the results of 85 mea-
surements recorded over a period of three months
using home tonometer by a patient who did not
undergo antihypertensive therapy. Statistical cha-
racteristics of the results are summarized in table 2.

Since the average value of the results is out-
side the range of the currently accepted norm
(M, >120 mmHg) this patient should be recog-
nized as ill person (see Case 3 on Figure 7).

Figure 9 shows the areas of a qualitative assess-
ment of the results, constructed according to the
data of tables 1 and 2.

A qualitative assessment of the results of blood
pressure measurements, implemented in a home
blood pressure monitor, helps a user who does not
have a medical education make independent deci-
sions aimed at optimizing his lifestyle, a reaso-
nable distribution of the regime of load and rest,
determine the need for additional intake of medi-
cations prescribed by a doctor, and evaluate pos-
sible dangerous situations requiring urgent medical
attention.

SBP>

Fig. 8. Results of registration of systolic blood pressure by
home tonometer

0.0 09

1241 136,5 142,7 1489 1614

P, mmHg

Fig 9. The example of qualitative assessment of the
measurement results

Table 2. Statistical characteristics of the measurement re-
sults SBP, mmHG

SBPmux SBPmin MSBP GSBP I/tTB[’(OA))
187 113 142,7 12,4 8,7

Of course, the proposed approach in no way
claims to replace, and even more so to cancel the
established medical recommendations for the diag-
nosis and treatment of hypertension.

Conclusion

The article shows that the modern intelligent in-
formation technologies can implement a number
of important additional functions for improving
the efficiency of digital blood pressure monitors for
home use.

It has been shown that directly in the process of
the oscillometric method for determining blood
pressure, home tonometers can provide the user an
integrated assessment of the arterial stiffness index,
which provides important diagnostic information
about the complex of risk factors for cardiovascular
diseases.

An approach has been proposed that allows us
to assess the long-term variability of blood pressure
indicators for self-measurement at home between
visits to the doctor, which increases the reliability
of decisions by eliminating the so-called “white
medical gown” effect.
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It is shown that for the practical implementation  son coefficient of variation and the index characte-

of the proposed approach, it is sufficient to use the  rizing the percentage of measurements that exceed
recurrence formulas for each current measurement  the established medical norms. Such calculations
to correct the range of recorded values, clarify the  can easily be implemented on the internal proces-
mean and standard deviation, calculate the Pear-  sor of a home blood pressure monitor.
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PO3IIMPEHHSA IHTEJEKTYAJIbHUX MOXJIMBOCTEN
HHUPPOBUX TOHOMETPIB 11 JOMAIIHbLOI'O BUKOPUCTAHHA

Beryn. AprepianibHa rinepteHsis (MiIBUILIEHUI apTepialIbHOTO TUCK) — OJTHE 3 HAMMOIIMPEHILINX 3aXBOPIOBAHb CEPLIEBO-
CYIMHHOI cucTeMMU. [liarHOCTrKa Ta OlliHKAa e(PeKTUBHOCTI JIIKyBaHHSI apTepiaJIbHOI TinepTeH3ii mependayae BUMipIOBaHHS
apTepiaJbHOIO TUCKY, B TOMY YMCITi 3a JOTIOMOTO0 IIM(POBUX JOMAIIIHIX TOHOMETpiB. OMHAK iHTEJeKTyaJIbHi MOXJIMBOCTI
TaKUX TOHOMETPiB 1aJeKO He BUUEPIIaHO.
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Mera craTTi — PO3IIMPEHHS iHTEIEKTYaIbHUX MOXJIMBOCTENM LM(PPOBUX TOHOMETPIB, sIKi 3a0e3revarhb IiIBUILEHHS
e(eKTUBHOCTI 3aCTOCYBaHHS iX Y TOMAIITHiIX yMOBax.

Metonu. [l DOCSTHEHHST TOCTaBJIeHOI MeTH ChOPMYIbOBAHO Ta MOCTIMKEHO ABa 3aBHaHHsA. [lepiie 3aBmaHHS
CIPSIMOBAHO Ha BU3HAYEHHST MOXXJIMBOCTI IM(POBOTO TOHOMETPA OLIIHUTH iHTEerpaJbHMI MOKA3HUK (IHAEKC) )KOPCTKOCTI
KPOBOHOCHUX CYIMH Ha OCHOBi BUBHAYEHHS LIBUIKOCTI MOLIMPEHHSI MyIbCOBOI XBUJIi 32 CUTHAJIOM, 1110 PEECTPYETHCS B
Mpolieci OCIUIOMETPUYHOIO CIIOCOOY BUMipIOBaHHS apTepiajlbHOro TUCKY. Jpyre 3aBnaHHs OpiEHTOBAaHO Ha PO3pPOOKY
MPOCTUX 3aC00iB, 1110 3a0€3MeYYIOTh OLIIHKY TPUBAJIOi BapiabeIbHOCTI TOKa3HUKIB apTePiaJIbHOTO TUCKY IPU CAMOCTiTHOMY
BUMIpIOBaHHI B TOMAIIHIX yMOBaX MiX BifiBimuHaMu Jtikaps (visit-to-visitvariability).

PesyasTaTn. BcTaHOB/NEHO, 110 B MpOLECi NEKOMIIPECiT MaHXETW Ha OCLUWISLISAX CIOCTEPIraloTbCsl XapaKTepHi
¢parMeHTH, BUKJIMKaHi 3BOPOTHOIO MyJIbCOBOIO XBUJIEIO, BUSIBJIEHHSI SIKMX 1a€ 3MOTY OOYUCIUTHY iHTETpabHUM MOKa3HUK
JKOPCTKOCTi KPOBOHOCHMX CYJIMH 3a IIBUIKICTIO PO3IMOBCIOIKEHHS ITyJIbcoBO1 XBui. [1okazaHo, 1110 AJ1s1 OLiHKY TPUBAJIO1
BapiabeIbHOCTI MOKa3HUKIB JOCTaTHHO 3a IOMOMOIOI0 PEeKYPEeHTHUX (hopMyJ 32 KOXHUM TMOTOYHUM BUMipIOBaHHSIM
KOpUTYBaTH Jiala30H 3apeecTpOBaHUX 3HAUYEHb, YTOUYHIOBATH CEPEHE Ta CEpelHE KBaApaTUYHE BiJIXWICHHS,
obuucaoBaTd KoediuieHT Bapiauii IlipcoHa Ta iHmeKC, 110 XapaKTepU3ye BiJCOTOK BHMMipIOBaHb, 1110 MEPEBUIIYIOTh
BCTAHOBJIEHI MEIWYHI HOPMU.

BucHoBkH. 3aITpONIOHOBAHMI MiIXi 3BOAUTHCS A0 MIPOCTUX OOUUCTIOBATBHUX MPOLIEAYD, SIKi MOXYTb OyTH peati3oBaHi
Ha BHYTPIllITHOMY ITPOLIECOPi TOMAIITHOTO TOHOMETpA.

Karouoei caosa: domawniii monomemp, enracmuunicms cyouH, ocuuasayii, eapiabenabHicms apmepianbHoeo MucKy.

JI.C. Daiinzunvbepe, 1-p TEXH. HayK, Mpodeccop, IIaB. Hayd. COTPYA., MeXayHapOIHbIIA
Hay4YHO-Y4eOHbIi LIeHTp MH(hOpMalMOHHBIX TexHoJsioruii u cucteM HAH 1 MOH YkpauHbl,
npocrr. Drymkosa, 40, Kues 03187, YkpanHa,

fainzilberg@gmail.com

PACIIMPEHUWE MHTEJIEKTYAJIBHBIX BO3MOXHOCTEN
LMNDPOBLIX TOHOMETPOB AJIA AOMAIIHEIO MIPUMEHEHUA

BBenenne. ApTrepualibHasi TUIIEPTEH3Us! (ITOBBIIIEHHOE apTepPUabHOTO JaBl€HUE) — OAHO M3 HauboJjiee pacmpoc-
TPaHEHHBIX 3a00JIeBAaHUN CEepACYHO-COCYAMCTOM cUCTeMbl. JIuarHocTMKa U oOlieHKa 3(h(MEKTUBHOCTH JIEYEHUS
apTepuaJibHON TMIIePTEH3NH TIpeArojaraeT U3MepeHne apTepruaibHOTO NABICHUS, B TOM YHCJIE C TIOMOIIIBIO ITU(MPOBBIX
JIOMAIITHVX TOHOMeTPOB. OTHAKO MHTEJUIEKTyaTbHbIe BO3MOXHOCTH TaKUX TOHOMETPOB AaJIeKO He NCUePITaHEbI.

Leap craThd — PpACIIMPEeHUE WHTEJUIEKTYaTbHBIX BO3MOXHOCTEH HMGPOBBIX TOHOMETPOB, KOTOPBIE obecrevar
noBbIlIeHNe d9(PHEKTUBHOCTU UX IPUMEHEHMSI B IOMAIIHUX YCIOBUSIX.

Metoapl. 151 1OCTHXKEHUST MOCTaBJIEHHON Lieau chopMyJupoBaHbl U MCCleqoBaHbl ABe 3amauM. IlepBasi 3amaya
HarmpaBjieHa Ha OIpenesieHUsT BO3MOXHOCTH IIM(PPOBOTO TOHOMETpa OLICHUTh MHTETPATbHBIM TTOKa3aTeNlb (MHIEKC)
JKECTKOCTH KPOBEHOCHBIX COCYZIOB Ha OCHOBE OTIPENIETICHUST CKOPOCTH PACIIPOCTPaHEHWS TTyJIbCOBOM BOJIHBI TIO CUTHAITY,
pPETUCTPUPYEMOMY B TIPOLIECCE OCHMIUTOMETPUIECKOTO CITOco0a M3MEPEHUST apTepuaabHOTO fAaBieHus. Bropas 3amada
OpPUEHTHpPOBaHA Ha pa3pabOTKy TMPOCTHIX CPEICTB, OOECIEeYMBAIOIINX OLIEHKY IOJITOBPEMEHHOU BapnabenbHOCTU
rokasaTeJieil apTepualbHOTO NaBJICHUS IPY CAMOCTOSITEIbBHOM U3MEPEHUU B JOMAITHUX YCIOBUSIX MEXKIY MOCEIIEHUSIMU
Bpaya (visit-to-visit variability).

Pesynbrarbl. YCTaHOBIIEHO, YTOB MPOIIECCEe JEKOMITPECCUY MAHXKETKU Ha OCUWJIISLIUSIX HAOTI01al0TCsl XapaKTepHbIe
¢ parMeHTHl, BEI3BaHHBIE OTPaKeHHOM MTYJIbCOBOM BOJTHOM, 0OHAPYXKEHNE KOTOPHIX ITO3BOJISIET BHIYMCIUTD MHTETPATbHBIIA
ToKa3aTeNlb XeCTKOCTH KPOBEHOCHBIX COCY/IOB IO CKOPOCTU PAcIpOCTpaHEHWs ITyJhCOBO BONHBI [loka3aHo, 4uTo
IUTSI OLIEHKUW JOJTOBPEMEHHOW BapuaOesIbHOCTH TOKa3aTesleil TOCTaTOYHO C TOMOIIbIO PEKYPPEHTHBIX (GopMyn TIo
KaXxJIOoMy TEKyIEeMY M3MEPEHUIO KOPPEKTUPOBATh AMAMNa30H 3apervuCTPUPOBAHHBIX 3HAYEHUI, YTOUHSITH CpelHee U
CpeHeKBaIpaTUYecKoe OTKJIOHEHME, BbIUUCISATh KoadduimenTa Bapuauuu [lupcoHa u MHIEKC, XapaKTepu3yoLnii
MPOIICHT U3MEPEHU, TTPEBBIIAIOIINX YCTAHOBICHHBIE METUIIMHCKIE HOPMEI.

BoiBoanl. [IpemiokeHHBIN TOMXON CBOIUTCS K TIPOCTHIM BBIYUCIUTENBHBIM TIPOIEAYpPaM, KOTOPhIE MOTYT OBITH
pea30BaHbl HA BHYTPEHHEM MPOIIECCOPe TOMAITHETO TOHOMETPA.

Karoueevie caosa: domawnuii MoHOMemp, 34aCMUHHOCHb cocydog, ocyurnauuuy, eapuaﬁeﬂbﬁocmb apmepuanbHo2co daenenus.
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