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GENERAL CHARACTERISTIC OF THE DISSERTATION

Topicality of the problem

As the sociological data provides, every third person in the World dies of
blood vessels disorders.

Regarding the tendency in the spread of blood circulation diseases
constantly more attention is being paid to arterial blood vessels. Scientists of
various specializations — physicians, biologists, biomechanical and mechanical
scientists, point their attention towards the research of ethiology and
pathogenesis of some of the circulatory disorders by clarifying some
phenomena of hemodynamics. Particular emphasis is placed on the research of
new and more effective treatment methods as well as on the development of
new substitutes to blood vessels.

In Lithuania, the blood circulatory disorders are widely spread. Since
1997, they have taken the first place.

The main reasons for blood circulatory disorders in carotid and other
arteries is progressing atherosclerosis, artheriitis, and pathologic twisting of
arteries. These cases of pathology affect the radius of lumen, thickness, length
and permeability of blood vessels. The form and level of pathology make
influence to pressure and velocity inside the lumen of the blood vessel. At some
alteration of geometry of blood vessels local pressure inside the lumen increases
significantly. It affects the wall of the blood vessel and raises critical stresses
that could cause the rupture of a blood vessel.

In order to enable foreseeing the probability and the place of rupture of the
blood vessel local values of velocity, pressure and stresses that occur at
particular kind of pathology must be explored.

Aim and tasks of the work

The object of the research — the phenomena of the blood flow occurring in
the pathological arteries with elastic walls; influence of physical load and
particular level of pathology to the physical efficiency of a person as well as the
definition of relation among the level of pathology, physical load and maximum
blood pressure. The main tasks of the work are:

e to develop and explore a model of the blood flow and to define the
phenomena occurring in pathological arteries;

e to define the relation among the physical load, the level of pathology,
maximum blood pressure and flow rate transferred to the artery;

e to build engineering computation methodology for estimation of the
physical efficiency of the person.




Scientific novel

The investigation covered the blood flow phenomena in pathologic elastic
arteries. The main parameters of the blood flow, and the relation among the
level of pathology and human physical loading were defined. The mythology
for determining the allowed physical load for a person was developed.

Methodology of research

For the tasks defined in this dissertation work experimental, analytic,
numerical and statistic research methods were used. The modeling was
performed using finite element method by ANSY'S software.

Experimental research was carried out at the Vilnius Ambulance Hospital.
Duplex scanning method was used.

Practical value

e The algorithm of the model of the blood vessel that was developed
during the research allows making corrections to it according to individual
geometry and blood pressure and performing the calculation of local blood flow
parameters in a specific case. The results of research allow defining the
direction, value and magnitude of biggest local pressure. This information is
useful in preparing for angiochirurgic surgery or for prognosis tendencies of
further development of pathology.

e The methods developed allow choosing a safe work load by estimating
individual cases and parameters of arterial pathology including the greatest
stresses on the wall of the blood vessel.

Defended propositions

e The dynamic model of the blood flow developed during the research
allows variations of geometry according to the individual cases of pathology
and common blood pressure values as well as to perform the calculation of
parameters of local hemodynamics in every case.

e The results of the research enable defining the relation among the blood
flow parameters, the level of pathology, and physical loading of a person as
well as the direction, place and magnitude of the greatest stresses. This
information is useful in preparing for angiographic surgery or in making
prognosis of tendencies for further development of pathology in arteries.

e The methods developed allow rational selection of safe work load for a
patient after the assessment of individual parameters of blood flow and greatest
stresses that occur in the artery.




The volume of the scientific work. The scientific work consists of the
general characteristic of the dissertation, 4 chapters, conclusions, list of
literature, and addenda. The total volume of the dissertation is 101 pages, 35
pictures, 7 tables.

STRUCTURE OF THE WORK

The first chapter gives a review of scientific research works on the
influence of the level pathology to blood flow parameters. The results and
possibilities of experimental research in defining the geometry and physical
parameters in pathological blood vessels were presented. Evolution and
comparison of different mathematical models of blood flow and blood vessels
were presented. The main tasks of the scientific work were defined at the end of
the chapter.

The second chapter presents the development of non-lincar model of
pathological artery. The model was developed and numerical calculations were
performed using ANSYS software. The process of the model development
consists of three consequent stages:

1. Analysis of fluid processes in arteries presuming that the walls of
blood vessels are undeformable.

2. Analysis of the blood flow in elastic artery model.

3.  Effects of homodynamic to the wall of elastic carotid artery.
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Fig 1. Types of blood vessels pathologies analyzed: a — stenosis; b — bending;
¢ — one-sided stenosis; a — linear level of pathology; / — angular level of pathology, °



Starting with the first stage, the 3-D model was developed that varied in
type and the level of pathology. Three types of pathologies: stenosis (a = 50 %,
70 %, 90 %), one-sided stenosis (@ = 50 %, 70 %, 90 %) and bending
(B=150°,70° 90 °) were explored in the figure 1.

During the first stage, variation of velocity and pressure of blood-flow in
pathological places, to indicate direction and magnitude of forces that bring
influence to the walls of blood-vessels was analyzed.

The blood flow was examined by solving Navier-Stokes equations for
incompressible fluids:

ﬂ+uVu:—l-Vp+v-V2u; (D
dt P

and the equation of continuinity:

d
au +Vu=0; 2)
dt
whereV = £i+£j +ik; i, j, k — vectors; u = (u,V,W)T — velocity
ox Oy~ Oz

field of an element.

The influence of bending and stenosis of the blood vessel to variation of
velocity and pressure was examined (figure 2). Direction of action of the
resulting forces (figure 3) and characteristics of variation of the velocity were
defined in extreme cross sections.

The results of analysis show that there are 3 critical cross sections where
the pressure gains the critical values. In all types of pathologies examined the
tendency was noticed that in the beginning and in the end of pathologies that
geometry contains the highest degree of pathology, the pressure varies from the
highest positive to the highest negative value. Similar phenomena occur in
stenotic arteries. Highest positive values of pressure that form at the beginning
of the pathology condition the expansion of the pathology. The highest negative
values occur at the end of pathology cause vacuum inside the blood vessel and
compress it. Such phenomena of expansion and compression contribute to the
further development of the pathology and after reaching unallowable values
could cause rupture of the blood vessel.



Fig 3. Definition of the resulting forces

Therefore, a model containing elastic blood vessels walls’ was developed
(figure 4). In this phase it focused on the stenosis of arteries, leaving other types
of pathologies aside. In the course of the research explored the influence of the
value of arterial pressure and the level of pathology to the mechanical
parameters of walls of blood vessels. The level of pathology was gradually
increased from 50 % to 95 %. The pressure varied from normal 100 mmHg till
200 mmHg was tested. Dynamic pressure was set at the inlet of the model.



Fig 4. Computational scheme of stenotic carotid artery: 1 — outlet;
2 — fluid; 3 — wall of the blood vessel; a — the level of pathology, %;
4 — the surface of fluid-structure interaction; 5 — inlet; Ry — radius of fluid;
R, — external radius of the wall

The third stage — the interaction of the fluid and the structure (figure 5) at a
mesh interface causes the pressure to exert a force applied to the structure and
the structural motions produce an effective “fluid load.” The governing finite
element matrix equations then become:

[ UK Jub= {7} + [RYP): @

v, Yo [k JUb= {7, }+ p[RT (O): )



where [R] is a “coupling” matrix that represents the effective surface area
associated with the each node on the fluid-structure interface (FSI).

Fluuid equations

Displacernents 1 Loads

Structiure equations

Fig 5. Fluid-structure interaction

Both the structural and fluid load quantities that are produced at the
fluid-structure interface are functions of unknown nodal degrees of freedom.
Placing these unknown “load” quantities on the left hand side of the equations
and combining the two equations into a single equation produces the following:

M. 0oL A ‘R{U}= B )
R M, |50 K, ||P7|F,

Following the results of the analysis, the limit of allowed local pressure
was defined of 60 kPa. It was defined that stenosis of 70 % at blood pressure
acceding 200 mmHg, 80 % at blood pressure acceding 150 mmHg, and over
90 % the elastic artery becomes vulnerable at any pressure.

According to the results of the analysis a diagram (figure 6) was
developed. The diagram shows that with the increase of the degree of pathology
the allowed systolic pressure decreases. For example, we can observe that at 70
% of stenosis critical systolic pressure would emerge at 200 mmHg. At the
same time examining pathology of 90 % the zone of danger starts with 120
mmHg. It shows that with the increase of pathology 1.28 times the allowed
systolic pressure should be lower 1.7 times.

It shows that with the increase of pathology the local pressure inside the
lumen increases significantly. In order to keep the local pressure at allowed
values the systolic pressure needs to be controlled and in this respect the
workload needs to be diminished.
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Further on, the research elaborates on a study to the research on stresses in
pathological elastic arteries and on the influence of blood flow to the vessel in
elastic stenotic arteries. Algorithm, which is easy to adjust to real conditions for
calculation was developed. Numerical analysis with fluid structure interaction
was used. Practical use of the algorithm in examining the elastic stenotic
arteries is suggested (figure 7).
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Analyzing the diagram it is noted that increasing the degree of pathology
the allowable systolic pressure decreases. For example, we can observe that at
70 % of stenosis critical systolic pressure would emerge at 200 mmHg. At the
same time examining pathology of 90 % the zone of danger starts with
120 mmHg. It shows that with increase of pathology 1.28 times the allowable
systolic pressure should be lower 1.7 times.

The diagram in figure 7 in standard pathologic cases allows the physician
to receive additional information on the ability of a person to carry physical
loads depending on the level of pathology and maximum local shear stresses
occurring on the wall of the artery. In the cases when the geometry of the
pathology is more complicated it is easy to test the methodology developed in
this study on specific conditions and define the allowed maximum systolic
pressure.

It was defined that in the places of the greatest pressure rupture of the
blood vessel might occur. According to the results of the research it was defined
the permitted norm for local pressure is 100 kPa and for local shear stresses —
60 kPa. The research also revealed that the blood vessel can break at 70 %
stenosis, when pressure accedes to 200 mmHg, at 80 % stenosis, when pressure
accedes to 150 mmHg and at 90 % stenosis at any value of the arterial pressure.

To conclude, we can state that with the increase of pathology the local
pressure inside the lumen increases significantly. In order to keep the local
pressure at allowed values the systolic pressure needs to be controlled and in
this respect the work load needs to be diminished.

In the third chapter the relation among artery pathology, blood pressure,
blood velocity, the level of pathology and loads was experimentally
investigated. It was defined that the level of pathology has significant impact on
blood pressure in the places of pathology. With the increase of the level of
pathology its influence to blood pressure increases nonlinearly.

It was shown that the value of the load has a significant impact on the
blood pressure in pathological blood vessels. Approximate dependencies among
the level of pathology, blood pressure in the location of pathology and work
load were introduced.

The characteristic measurement results of the level of pathology and its
geometry are presented in the figure 8. Using the duplex scanning method the
levels of pathology, and blood pressure as well as local blood flow velocity
were defined. The experimental research was performed with the age group of
40-70.

In the mathematical processing of the results of the experimental research
it was defined that at the same level of pathology increasing the work load
2.97 times blood pressure will increase by 1.26 times. The pulse of a patient

14



increases 1.47 times. In this way the heart pumps 1.47 times more and the
amount of transferred blood increased that much times. It means that systolic
pressure increases 1.47 times as well. If we consider that during the rest period
the heart pumps blood 6 1/min. so with increase of work load 3 times, it will
transfer 6 x 1.47 = 8.82 1/min.

Fig 8. Investigation of the geometry of the artery and the blood flow velocity inside the
lumen using Duplex scanning method:
a — occlusion of carotid artery; b — critical stenosis of internal carotid artery (Duplex
scanning method)

In this respect increasing the work load of a person for 3 times, blood flow
rate transfer to the arteries increases 1.47 or 1.5 times, i.e. the increase is
approximately 2 times lower then the load of a person. It could be noted that the
pressure increased from 1.22 till 1.34 times at putting different loads on a
person i.e. in average 1.27 times. Comparing the increase of local blood
pressure to systolic pressure it was noted that (1.5/1.27 = 1.18) the average
value of their relation is 1.2 times. In such respect, blood pressure in the arteries
increases 1.2 times less then its velocity.

The results of the experimental research allow defining approximate
relation among blood pressure, velocity and influence of loading as well as the
level of artery pathology.

In the fourth chapter, application of the results of the research on the
blood flow parameters in pathological blood vessels and diagnostics of the
physical work load in clinical practice. Two algorithms of the application of the
results in practice are presented that will enable measuring status of arteries and
will help in setting norms for allowed physical load of a person with
pathological arteries. The first one is based in the calculations introduced in this
work; the other is a simplified algorithm (figure 9).

15
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GENERAL CONCLUSIONS

After performing the analysis of the blood flow parameters and their
interrelation in pathological arteries the following conclusions could be made:

1. Analytical models of the blood flow in the arteries allowed analyzing and
defining the following main specific features and characteristics:

e In pathological arteries there exist few zones of danger, where the
blood velocity and pressure perform a significant increase comparing
with the systolic pressure and velocity.

o Local pressure gains the biggest value in the cross-section which is
located before the pathology and the negative pressure appears in the
end of pathology. In the pathologies of bending the negative pressure
can occur in other places inside the pathological lumen.

e A great positive pressure in the beginning and a negative pressure in
the end of the pathology create conditions to form for maximum blood
velocity between these cross-sections and turbulent behavior of the
blood flow.

e In the places of the greatest pathology the resultant forces containing
opposite direction occur that create preconditions for blood flow for
bypassing pathology in the shortest way possible.

e The relation between arterial blood pressure and the level of pathology
was defined. It was proved that with the increase of the level of
pathology maximal pressure in the beginning of the pathology
increases significantly. With increase of the pathology 1.9 times, the
pressure increases 3.2 times.

2. Experimental research showed that the following relation between the
physical load of a person and the level of pathology exists: the flow rate
transferred to the arteries is two times lower then the physical load of a person,
i.e. with increase of physical load 3 times, the flow rate increases 1.47 times
and the blood pressure increases about 1.27 times.

3. The conditions of the artery rupture were analyzed and it was shown that
the level of pathology and the physical load of a person have a significant
influence on their rupture. It was defined that with increase of the pathology
1.9 times, the pressure increases 3.2 times and shear stresses increase 5 times.

4. The research proved that using the results of the study it is possible to
perform a definition of a physical load of person considering the level of
pathology. In defining the physical load of a person 3 characteristic zones were
observed:

e allowed zone that allows active physical activity for a person;

17



e zone of precaution allows limited activity for a person;
e zone of danger is the zone of strokes and heart attacks.

5. By the results of the research the sequence of procedures and calculations
could be used in the methodic of medical clinical practice was defined. The
possibilities for practical use in determining the physical load of a person in
view of the level of pathology in the arteries were suggested. Two forms of
methodics of practical application for diagnosis of allowed physical load for a
person were developed:

e diagnosis algorithm and methodic using computer;
e simplified method.
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PATOLOGIJOS ITAKOS KRAUJO SPAUDIMUI IR
GREICIUI KRAUJAGYSLESE TYRIMAS

Darbo aktualumas

Mokslo literatiiroje nurodoma, kad kas treCias Zmogus pasaulyje mirsta
nuo kraujagysliy funkcijos sutrikimy.

Pastaruoju metu jvairiy specialybiy mokslininkai — medikai, biologai,
biomechanikai, atkreip¢ démesj i spartéjanti kraujo apytakos ligy plitima, vis
daugiau démesio skiria kraujo apytakos ligy etiologijai ir patogenezei,
kraujotakos reiSkiniams iSaiSkinti, o svarbiausia — naujy Sirdies-kraujagysliy
ligy gydymo metody ir pazeisty Zmogaus kraujagysliy optimaliy pakaitaly
kiirimui.

Statistika rodo, kad nuo 1997 mety kraujo apytakos sistemos ligos
Lietuvoje uzima pirmaja vieta.

Pagrindinés kraujotakos sutrikimy miego ir kitose arterijose priezastys yra
progresuojanti ateroskleroze, arteriitas, patologiniai arteriju susisukimai. Si
patologija ivairiai keicia kraujagyslés spindi, sienelés stori, ilgj ir pralaiduma.
Priklausomai nuo susidariusios patologijos formos ir dydzio kinta kraujo
tékmés slégis ir greitis. Prie tam tikry kraujagyslés sienelés geometrijos
nuokrypiy dél tekmés pokyciu kraujagysléje iSauga vietinis slégis. Tai veikia
kraujagyslés sienelg ir sukelia joje kritinius jtempimus, dél kuriy kraujagyslé
gali plysti.

Prognozuojant kraujagyslés plySimo vietag ir galimybg svarbu istirti
vietines greicio, slégio ir itempimo reikSmes, susidarancias prie tam tikro
patologijos laipsnio.

Darbo tikslas ir uZdaviniai

Tyrimo objektas — reiSkiniai, vykstantys kraujo tékméje patologiskose
arterijose su tampriomis sienelémis, fizinés apkrovos ir patologijos laipsnio
itaka zmogaus darbingumui bei rySys tarp patologijos laipsnio, apkrovos ir
maksimalaus kraujo slégio i kraujagyslés sienelg.

Darbo tikslas — analitiniu ir eksperimentiniu buidu iStirti tampriose
patologiskose arterijose vykstancius reiskinius, nustatyti ry$j tarp Zmogaus
fizinés apkrovos, kraujagyslés patologijos laipsnio, maksimalaus kraujo slégio
ir kraujo padavimo | arterija debito bei sudaryti praktinio tyrimo taikymo —
zmogaus darbingumo nustatymo — metodika. Pagrindiniai tyrimo uzdaviniai:

1) istirti kraujo tékmeés procesa patologiskose kraujagyslése nagrinéjant:

- netampriy ir tampriy arterijuy modelius bei skirtingas patologijy rtsis;

- patologijos ir kraujo tékmeés parametry rysj;
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2) eksperimentiniu ir analitiniu biidu istirti arterijy patologijos laipsnio ir
fizinio kriivio zmogui rysi;

3) apibendrinant tyrimo rezultatus sudaryti fizinio kravio zmogui
normavimo pagal patologijos laipsni metodika.

Mokslinis naujumas

IS$nagrinéti kraujo tékmés reiskiniai patologiskose arterijose ir nustatytas
pagrindiniy kraujo tékmés parametry, patologijos laipsnio ir zmogaus fizinio
kriivio saveikos rySys bei metodika, kuri leis normuoti leisting kriivi Zmogui,
ivertinant patologijos laipsnij.

Tyrimy metodika
Uzsibréztiems tikslams pasiekti disertaciniame darbe naudoti analitiniai,

eksperimentiniai, skaitiniai ir statistinio tyrimo metodai. Kraujo tékmeés
patologiskose arterijose modeliavimas atliktas naudojantis baigtiniy elementy
metodu ANSYS programiniame pakete.

Eksperimentiniai tyrimai buvo atlikti Vilniaus Greitosios pagalbos
ligoninéje. Juose naudotas dvigubo skenavimo metodas.

Praktiné verté

e Sudaryto kraujagyslés modelio algoritmas leidzia modelj koreguoti
priklausomai nuo individualios patologijos geometrijos ir bendro kiino kraujo
slégio bei tiriamu atveju atlikti vietinés hemodinamikos parametry skaiciuotg.
Skai¢iavimy rezultatais nustatytos didziausio slégio ir itempimo vietos, kryptis
ir dydis kraujagyslés sieneléje. Si  informacija naudinga rengiantis
angiochirurginei operacijai arba prognozuojant tolesnes patologijos vystymosi
tendencijas.

e Prognozavimo metodika leidzia pasirinkti saugy darbo krtvi, jvertinant
individualius arterijy kraujotakos parametrus ir sienelés patologijos vietose
susidariusi didziausia slégj bei Slyties jtempimus.

Ginamieji teiginiai

e Pagal individualia kraujagyslés patologijos geometrija ir realias kraujo
tekmés salygas sudarytas tamprios kraujagyslés dinaminis modelis kiekvienu
atveju leidzia atlikti vietinés hemodinamikos parametry skaiciuotg.

e SkaiCiavimy rezultatai leidzia nustatyti kraujagyslés sieneléje
susidariusiy didziausiy itempimy vietas, krypt{ ir dydi. Si informacija
naudojama klinikingje praktikoje, rengiantis angiochirurginei operacijai bei
prognozuojant tolesnes patologijos vystymosi tendencijas.
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e Sudaryta skai¢iavimo metodika leidzia racionaliai pasirinkti saugy
fizinj kravi, {jvertinant individualius arterijos kraujotakos parametrus ir
patologiskose kraujagyslés sienelése susidariusj didziausig jtempima.

Darbo apimtis
Disertacini darba sudaro ivadas, 4 skyriai, iSvados, naudotos literatiiros

saraSas, priedai. Darbo apimtis — 101 puslapis, 35 paveikslai, 7 lentelés.

Darbo struktiira

Pirmame skyriuje pateikta mokslo darby apie kraujagysliu patologijos
itaka kraujo tékmés parametrams analizé ir suformuluoti tyrimo uZdaviniai.

Antrame skyriuje apraSomas taikant baigtiniy elementy metoda sudarytas
ir iStirtas dinaminis tamprus kraujagyslés modelis, nustatoma kraujagyslés
geometrijos, patologijos formos ir dydzio, slégio bei kraujo greicio
kraujagysléje, taip pat kraujagyslés sieneléje susidariusiy itempimy saveika.

Trefiame skyriuje aprasytas atliktas kraujo tékmés greicio patologiskose
kraujagyslése ir paciento darbingumo parametry eksperimentinis tyrimas ir
pateikti Sio tyrimo rezultatai.

Ketvirtame skyriuje, remiantis paciento kraujo tékmés parametry ir
kraujagyslés sienelés tamprumo savybiy patologiskose kraujagyslése tyrimo
rezultatais, apraSoma sudaryta nauja paciento darbingumo diagnozavimo
metodika ir pateikiami jos taikymo klinikingje praktikoje pasitilymai.

Apibendrinimai ir iSvados

Atlikus  kraujo tékmés parametry ir jy tarpusavio rySio analizg
patologiskose arterijose, galima suformuluoti Sias iSvadas:

1. Sudaryti kraujo tékmés arterijose analitiniai modeliai leido iSnagrinéti ir
nustatyti Siuos pagrindinius charakteringus pozymius bei charakteristikas:

- patologiSkose arterijose egzistuoja kelios pavojingos zonos, kuriose
kraujo slégis ir tekmés greitis gali biiti nuo keliy iki keliolikos karty didesnis nei
arterinis slégis ir greitis;

- didziausias kraujo slégis yra prie§ patologija, o neigiamas slégis atsiranda
uz arterijy patologijos. Arteriju kilpose neigiamas kraujo slégis gali atsirasti ir
patologijos viduje;

- dél didziausio kraujo slégio patologijos pradzioje ir maziausio pabaigoje
susidaro didziausias kraujo tékmés greitis patologijos viduje, atsiranda
turbulencijos reiskiniai;

- dél didelio slégio arteriju patologijos pradzioje ir maziausio slégio
pabaigoje atsiranda viena kitai prieSingos krypties atstojamosios jégos, kurios
sudaro prielaida kraujo tékmei patologija apeiti trumpiausiu keliu;

22



- nustatytas kraujo slégio ir arteriju patologijos rySys. Parodyta, kad,
didéjant arterijy patologijos laipsniui, maksimalus slégis patologijos pradzioje
didéja netiesine priklausomybe; patologijai padidéjus 1,9 karto, vietinis slégis
padidéja 3,2 karty.

2. Eksperimentais nustatytas apytikslis rySys tarp Zzmogaus fizinio kriivio ir
patologijos lygio. ISaiskinta, kad paduodamo i arterijas kraujo kiekio
padidéjimas, augant fiziniam krviui, yra apytiksliai 2 kartus mazesnis negu
kriivio padidéjimas, t.y., kriiviui padidéjus 3 kartus, kraujo padavimas { arterijas
iSauga apie 1,47 karto, o kraujo slégis — apie 1,27 karto.

3. ISnagrinétos arterijy plySimo priezastys ir parodyta, kad labai didelg
itaka ju plySimui turi patologijos laipsnis ir darbo kriivis. Nustatyta, kad
padidéjus patologijos laipsniui 1,9 karto, vietinis slégis padidéja 3,2 karty, o
Slyties jtempimai iSauga 5 kartus.

4. Tyrimo metu gauty rezultaty analizés pagrindu nustatyta, kad galima
normuoti fizini krlivi pacientui, ivertinant jo arterijy patologijos laipsni.
Normuojant paciento darbo kriivi iSskirtos 3 charakteringos zonos:

- leistina — aktyvaus darbo;

- atsargos — riboto darbingumo;

- pavojingoji — infarkty ir insulty zona.

5. Tyrimo rezultatais nustatytas atliekamy procediiry taikymas gydymo
praktikos metodikoje ir skai¢iavimy nuoseklumas. Pasitilytos praktinio taikymo
galimybés normuojant kriivi pacientui, jvertinant kraujagysliy patologijos
laipsnj. Sukurtos Zmogaus darbingumo diagnozavimo praktinio taikymo
metodikos:

- kompiuterinio diagnozavimo algoritmas ir metodika;

- supaprastinta metodika, jgyvendinama taikant sudarytas nomogramas.
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