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Abstract: Paper presents dependencies between local blesdyse in the place of pathology and the magnitddiee
load, the level of vessels pathology, the systoland pressure, age and gender, derived by aralytionerical and
experimental ways. The balance of the influenceesifmating parameters to local blood pressure @& place of
pathology have been formed and it presents theviialig results: the major part of effect falls inttee level of vessels
pathology — 43-47 %, the effectiveness caused btolsy blood pressure — 28-30 %, the part of pésstwading
magnitude exceeds 16-20% and only 7-9% falls ietsqn’s age. Presented analytical expression entblealculate
the local blood pressure in the place of patholdgg to particular vessels pathology level, loagidic blood pressure
and age.

Keywords: age, systolic blood pressure, load, pathology,guresin the place of pathology, elastic arteriegarce.

Introduction made and the presented results were not comprekensi
Furthermore, received results of influences of ldad
Most of the scientific studies are devoted to armaly systolic blood pressure haven't been associatethdo
the influence of the effect of blood flow paramstéo  blood pressure in the place of pathology. Eithes,dffect
blood pressure or velocity [1-8]. It was noticedttthe of person’s age, gender, load and the complex ractfo
level of pathology has a significant influence e focal systolic blood pressure to pressure in the place of
blood pressure in the place of pathology and viloci pathology of the elastic arteries. Local maximabdual
Several scientific works [8—12] evaluated the iafiae of pressure in the pathology place could be evaluatey
the magnitude of the load, age and gender to $ystolby assessing person’s age, gender, load, systladb
blood pressure. Although, numerous studies of bloogressure and pathology at the same time and to a@mp
flow have been conducted [1, 2, 5, 6, 8], onlywa feave these parameters to permissible pressure. Therdfwee
considered realistic anatomies under correct plogio  purpose of this paper is to make a research bym no
conditions as well as vessel wall mechanics. Wtk®, invasive way of essential values of systolic blood
6, 8, 11, 15, 16, and 17] analyzes the variety efhmdic  pressure dependencies to person’s age, gendeoadd |
and systolic blood pressure evaluation ways. Nurakri and to associate these results analytically wittximal
methods [2, 4, 6, and 16] were used for solvingidlav local blood pressure in the place of pathology]wating
Stokes equation and calculation of the influencéool  vessels pathology level also.
blood pressure in the place of pathology to systolbod The main objectives are to model vessels anatomy in
pressure and vessels pathology level. Unfortunateily  realistic way, to use correct physiologic flow cdimhs,
few works [1, 5, and 14] present investigated iaflces and to account vessel wall compliance. For thippse
of the magnitude of loading, person’s gender aredltaga  the equations of Navier—Stokes were solved usinigefi
local blood pressure in the place of pathology hade element method for analysis of characteristics lobdb-
derived and presented dependencies of before meudtio flow by ANSYS software.
parameters. Sad, but not enough experiments haam be
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Methods For calculations following presumptions were
accepted: the velocity under vessels wall is etpuakro;
Dependencies of blood pressure in elastic vessels 1 = 4- 10°kg/ms and density = 1050kg/m®,
their pathology level were derived by calculatingvier— The object of analysis is elastic stenotic carotid
Stokes equations by using 2D finite element modéh w artery. The following levels of stenosis were exaxi:
the grid of rectangle finite element. Navier—Stokess0%, 60 %, 70 %, 80 %, 90 % and 95 %.

equations for incompressible flow of Newton fluids Dependency of systolic blood pressure on person’s
vector form: age, gender and load was received by using
veloergometer Kettler. Males and females attended

p(ﬂJrvvj:_varﬂvg/jL f 1) experiments. They were divided into six age groaps

ot 16, 25, 35, 45, 55 and 65 years. The average ageeia

and it varies about 4 years. During the experintaet
whereV is the flow velocity',o is the fluid density;V is load was kept from 0 to 200/, when it was set by the
the del operator;f stands for other body forces (such asstep of 50W every time, so it could be said, that 5
gravity or centrifugal force)Vp is gradient of pressure |oadings were appointed for the experimental resear
of surface force; is effective viscosityp is pressure. People without expressed pathologies took parthin t
In the three-dimensional Cartesian coordinateesyst experiment research.
with coordinatesx, vy, 2), the operator is defined in terms

- -t . 70
of partial derivative operators as: o0 Lakatete **** ——Hg 100
.0 .0 0 50 -;'470/ —8—Hg 125
V=i—+]j—+k—. (2 ©

ox oy oz a.40 7/ Hg 150
K RRsEanas o7 iRARARARE o

The differential form of the continuity equation is 20 + A ¢
gL == = —%—Riba
P L y(pv)=0, 3) 0 —o—pavo)

ot 0 030506070809 1 ke

tis time.

The rate of change of density can be replacedéy t
rate of change of pressure and the rate where which
density changes with the pressure:

Fig. 1. Influence of vessels pathologyto local pressure of
blood at different values of blood pressomaHg

250

200
op_0p op. 0op_1 4 o
ot p ot ot B L0
i_’LOO

wheref stands for bulk modulug=10" for a perfectly
incompressible fluid. 50

Solving Navier-Stokes equations by numerical
methods the algorithm was used, which enables to
calculate the relative value of pressure but naohlie.
Therefore, the equations of absolute values ofFmwy
calculation were reformed. But they are not presin
because of amount of the paper.

Inlet blood pressure was modeled by different laws

16 25 35 45 55 65
Age, years

Fig. 2. Relations between blood pressure and merAagén
years under different loadingsw

(sinusoid and trapezium form), when solving theatigun 250
system (1). As an example, the description of sirtla
law of the blood pressure at the duration of thet fiycle 200 X’k
is presented below: e =t
2150 =N ——Ay-16
g ,__,'/ —8—Ay-25
0t=0; s 100 Ay-45
o T 2 Ay-55
p(t) =1 p,sin(et)0<t < E;T =— ) 50 —X—Ay-65
0t T “
X >E. 0

0 50 100 150 200
F, W

Fig. 3. Blood pressure immHg dependency on loading
magnitudeF,W at different men aglyy in years

WhenT/2 < t < T, the inlet pressure {gt)=0. At second
cycle it was analogically repeated.
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Results

200
% X

Maximal values of local blood pressure in the plac 150 *_—*——*___jt
of pathology of the elastic artery were received by ——

. . . . o = — o ——F-0
solving Navier-Stokes equations at different paiggl I 100 — —8—F50
level and systolic blood pressure, are presentdiyime g F-100
1. Results form this figure presents small effecths 4 5 F-150
pathology level wherks < 0,5 (or 50 %) to local blood —¥—F-200
pressure in the pathology placnd afterks > 0,5 than 0
local pressure very increases (Fig.1). For exangué; 16 25 35 45 55 65
value enlarges from 0,5 to 0,7, the maximum lodabth Age, years
pressure in the place of pathology rises two tinge®n,
that the systolic blood pressure influences to manxn Fig. 4.Blood pressurenmHg dependency on female aggy
local blood pressure very much. The effect of dicsto under different loadings=,W
blood pressure grows according to increase of pago
level, for example as the pathology levelkis= 0,5 as
concerning the systolic blood pressure increasa 160 200
to 200mmHg, the maximal local blood pressure goes up %ﬁ
from 12 to 30kPa (4p = 18kPa). Meanwhile, ork= 0,8 150 _#7% ——Ay-
— maximal local blood pressure in the pathologycela o _._}\Gy
increases from ~40 to ~#Pa (dp = 39 kPa). Presented £ 100 ] 25
results show, that in the studying pathology irdéry E ;\éy
caused by the increase of systolic blood pressune f 5 50 Ay-
100 to 200mmHg, the maximal local blood pressure in —X—Ay-
the place of pathology grows about two times in 0
comparison with rise, whe = 0,5. Such circumstances, 0 50 100 150 200
as the systolic blood pressure and the pathologsl lEre AW
high they are harmful for a person. Systolic blood Fig. 5. Blood pressurenmHg dependency on loadingswW
pressure rimHg) dependencies on age and load in male under different female aggy
and female groups are presented in figures 2,88)45.

Figures results show the much more stronger effettte 90

loading size either of the person’s age in malefanthle 80 | X ——F0
groups (Fig. 2 and 3 presents results in male gang 70 v —8—F-50
Fig. 4 are 5 — female group). Characteristic is fen, 60 -.t::t::t::yé*:*:& £.100
that large spread of systolic blood pressure dateived © 50 -

from younger women after small loadings (see Fignd 9‘!_40 %/ F-150
5). Presented experimental research results (Fig, 2 230 XA —%—F-200
and 5) show systolic blood pressure dependencygen a 20 -—L—*:. ,
gender and load, but they aren't associated withallo 10 5 —&—Riba
blood pressure in the place of pathology. Therefiris 0

very important to fix the age and to estimate tfiece of 0 0205070809

gender and load to a local blood pressure in theepbf
pathology. Following assumptions were made forstbe
mentioned relation. If there is 12hmHg and at
pathology leveks= 0,7, thelocal blood pressure g~ 35

kPa (Fig. 1), so because of the lokd= 150 W and age

Fig. 6. Local pressure dependency on loadimyV different
vessels pathology levkl, Hg=120 mmHg and age\y = 25
years in male group

A=25 years, the systolic blood pressure increases (F 100 X R0
2). Thus, because of enlarged load the pressutebwil 80 4 —EFS0
not 120mmHg, but 160mmHg. In the figure 1 presented /( F-100
result enables to derive the rise of the local Bloo 560 _‘==‘==‘=7é —o— _x_;gg
pressure in the pathology place from 38 tokBa. The ~10 ,,/ _

. . _ —7 —&—Riba
rise of the systolic blood pressure untiig = 40 mmHg = ———— —t— Pavoi
as the initialHg = 120, affects the increase of local blood 20 —5—%2 Dem'
pressure in the place of pathologylp = 50 - 38= 12 Saugok
kPa. Knowing the dependency of systolic blood pressure

on age, gender and load (Fig. 2, 3, 4, 5), anaiigic 0 02 05 07 08 09

according to described methodic, the effect of ehes Fig 7.1 ocal pressure dependency on loadigV different
parameters to local blood pressure in the place of vessels pathology levil, Hg=120 mmHg and agedy =65
pathology could be evaluated. years in male group
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The local blood pressure in the place of pathologwherepv(ks,Hg,F,A) is a local blood pressure in the
dependency on lodé at different pathology levet, Hg lace of pathology in the male grougis the pathology

f: 120 rr|1ml-||g,_ and a%e r?f 25 and 65 yea(\jrsf, v]:(as de(;ive vel; A is the person’s age in yeaFsjs the the load,
rom calculations and they are presented in fighi@n Hg is systolic blood pressursymHg.

7. Estimated, that in the male group, approximacBp0 Local blood pressure in the place of pathology in

mmHg falls on one watt of the load and in female greup f | Id b imatel lculatediich
approximately 0,28anmHg of systolic blood pressure. vf/};?/? © group could be approximately calculate =

But in the female group aged from 16 to 45 years ol
there was noticed the major spread of data. Further
investigation leads to the balance of local bloogkspure pm(ks’ Hg. F, A): 017ks A+ 009F +
in the place of pathology formation (Fig. 8). Thaddmce +(100ks—50)+ 029k Hg,

shows the amount in percents of the influence of

following parameters: a loadF), males and females age under the such boundary limits: Gs5ks <1,0;16< A<
(A), the pathology levelk) into summarized local blood 6,5 100< Hg <200 0< F <200

pressure in the place of pathology at normal sigstol

blood pressureHg = 120mmHg). Noticeable, that in the p\,(ks,Hg,F,A) is a local blood pressure in the
male and female groups, the major part of increzse
local blood pressure occurs due to vessels pathqBd-
68%), which is caused by a load about 23-28%, and
because of the age only — 9-12%. Additionally,

(7)

pathology place in female group.

evaluating enlarged systolic blood pressure, tivesee 701

received results of formed balance of local blooaspure 60

in the pathology place and they are presentederigiure S 504

9. At this point, the increase of local blood preesin the § 40- O vale
place of pathology is the most caused by patholegsl S 30 B Female
and it is about 43-47%. Second influence paramister &

the systolic blood pressure, which affects about328% = 209

and further, load influence is about 16—20%. Péssage 107

the least influences to local blood pressure inpihee of 0

pathology, only 7-9%. Analyzing the influence ohder Age  load ks

to the local blood pressure in the pathology pigtg. 8
and 9) was noticed, that in female group, the erfze of
vessels pathology level to estimated factor isesgond
to the upper level of effect in percents, that isathd 68
%, while in male group the amount is about 43 abd®

Fig. 8. Influence of age, load and pathology levgidlocal
pressure expressed by percents, when Hg=120mm

(Fig. 8 and 9). In the male group, the local bipoéssure 501

in the place of pathology is major effected by ading 204

size and age and appropriately is 16—-20 % by a doald 8

7-9% by the age. In such a way the results of #tence ¢ 30

of parameters affected into local blood pressurgoatsly 5] O Male
presents the worst situation for a person as hehhgs % 207 W Female
systolic blood pressure and vessel pathology level ~ 104

(Fig.7), because effect of these features is abbu?7 %

of increase of local blood pressure in the place of 0-

pathology in male and female groups. Age Load ks Hg

Processing results of the influence of separate
parameters: age, gender, load, vessels pathology, le
and systolic blood pressure into local blood presso
the place of pathology by the least squire methdt w
probability 0,95 and degree of freedam= 9 in male
group the approximate dependency was derived:

Fig. 9. Influence of age, load, pathology leveldnd blood
pressure Hg to local pressure expressed by percents

Results for male group were calculated according to
expression (1) and (6) for 25 and 65 years maléd, an
presented in the figure 10. Symbgbl marks curves,

p, (ks Hg, F, A)= 018k, A+0.092F + ©) which results were received by experiments and
+0.9(100ks—50)+ 028k Hg, calculated by Navier-Stokes equatiomskb — marks
results calculated by expression (6). Numbers 2b Gt
under the such boundary limits: G55k, <1,0, 16< A show the male age.
<6,5 100< Hg <200 0< F <200,
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120

100

80 .- A +Sp|-25
< /v —— mkb-25
& 60 /-"‘; spl-65
S 40 mkb-65

20 ad

0

02 05 07 08 09 Ks

Fig. 10. Comparison of curves of male groups local pressure
received by different ways &g = 120mmHg,
F = 200W, in 25 and 65 yeas old group

120
100 i —
80 // ad ——F0
s e —=F-200
60 — Yo _ _
=< /./ Riba
a :
40 —m——=— Pavoj
20 E*#**q Dem
—8—Saugok|
0
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Fig. 11. Dependency of local pressure to load at different
vessels pathology level, kg = 200mmHg andA = 25 years in
male group

Whenks < 0,5, expressions (6) and (7) are invalid,
because vessel patholody affects the local blood
pressure in the place of pathology very little,itbes, the
systolic blood pressure has a small effect too.

In the graphs (Fig. 1, 6, 7 and 11) could be [gaire
3 zones: the first from 0 to 3@a of local blood pressure
in the place of pahology; second — from 30 tdBa and
the third — up to 6@&Pa. The upper limit of the first zone

mmHg andF = 200W (Fig. 11), the local blood pressure

in the place of pathology even undex (ks <0,5 isp >

30 kPa, that means, that the person with such systolic

blood pressure gets in to limited efficiency zone.
Processing results according to above mentioned

methodology, the approximate dependency was got:

p(ks, Hg, F, A)=10+ 017k, A+ 004F +

(8)
+4ks+0.080k Hg,

whenks< 0,5;16 < A <40, 100<Hg <200 0<F <

200

Thus the expressions (6), (7) and (8) could
approximately evaluate the local blood pressurehm
place of pathology according to the pathology lete
systolic blood pressure, the load, age and sexl@jisd
local blood pressure in the place of pathology ddug
used for evaluating of the people efficiency level.

Conclusions

After observing analytical and experimental reskar
results there were formulated the following conidus:

1. The dependency of local blood pressure in the
place of pathology on the pathology level and ystddic
blood pressure has been derived by analytical-nigaler
method and it has displayed the following:
up to ks < 0,5 the level of vessel pathology less
affects to a local blood pressure of the place of
pathology, wherks> 0,5, its influence increases and
values vary according to the case of systolic blood
pressure;
the systolic blood pressure leads to rise the local
blood pressure of the place of pathology very much
and its effect increasing meaningfully when the
pathology level i%s > 0,5;

2. Systolic blood pressure dependency on the Igadin

is 30 kPa and it was selected, because under normdnagnitude, person’s age and gender has been got by

systolic blood pressureHg 120 mmHg, vessel
pathology leveks< 0,5 andp < 30 kPa, the person is full
efficient. With the increase of vessel pathologyeleand
systolic blood pressure, the local blood pressuggy v
enlarges in the place of pathology and the dangetou
person’s health grows up. Therefore, the secon@ i®n
of limited efficiency. Its upper limit i = 60 kPa and
such was taken the vessels loses their elasticity a
strength because of the person’s pathologies. fing is
the zone of very big risk and critical local blopressure
in the place of pathology and is the zone of pésson
incapacity also.

Analyzing results from the graphs in the figure$,1

7 and 11 and above mentioned zones there was dpotice

that when systolic blood pressure is ¥a®Hg under all
sizes of a load and in male age groups,
pathology leveks < 0,5, the local blood pressureps<

30 kPa (Fig. 6 and 7). Therefore, these people could be

qualified as efficient. But if systolic blood press is 200

© VIBROMECHANIKA . JOURNAL OF VIBROENGINEERING

as vessel

experimental way, and these evidences have been
explored:

in the male group approximately 0,32@nHg falls

on one watt of loading size and in female group —
approximately 0,280 mmHg of systolic blood
pressure; but in the female group aged from 16bto 4
years old there is noticed the major spread of,data
person’s age less acts the systolic blood pressure
either the magnitude of the load.

3. The relation between the local blood pressure in
the place of pathology, the load, age, gender, eless
pathology level and the systolic blood pressure tieen
appointed and the following notes have been disdos

very dangerous occurrence for a person is when the
pathology level of a vesselks> 0,5 and the systolic
blood pressure is increased, because at such a case
local blood pressure enlarges in several timesién t
place of pathology;

the balance of local blood pressure in the place of
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