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Abstract Vascular implants are used to replace the abnormal
segments of the cardiovascular system. Such opemis are
necessary to restore a normal blood flow. Scientstpropose the
arterial prosthesis and the aortic prosthesis of va@ous innovative
structures and designs. The implants have been maradtured by
weaving and then impregnated with a solution of bimgically
active agents. Polyester yarns and polyurethane yas have been
used for the manufacturing of implants. These implats have
very good deformation properties in the longitudind and radial
directions. Zero water permeability is achieved bymeans of a
special impregnation.The structure of the wall of the prosthesis
can be incorporated into a living organism without
complications. These prostheses provide normal hemgadamics
for along time.
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|.INTRODUCTION

Scientific advances in recent years indicate that main
basis of atherosclerosis of blood vessels is tidation of
lipid metabolism (dyslipidemia). This negative pess leads
to deposition of lipids on the blood vessel wals the inner
walls of blood vessels clumps of connective tisdegelop
reactively. Inner diameter of the lumen becomes llsma
Under these conditions, the wall structure changbs,
mechanical and elastic properties of the wall athange.
Wall of the pathologically altered blood vessehist able to
extinguish the pulse wave oscillations of blood. #sesult,
the heart muscle and overall cardiovascular sydiegin to
function at high loads. All these pathological chpes in blood
vessels disturb normal hemodynamics. Organs arslietss
receive less oxygen and nutrients.

In the field of implantology, the results of surlic
cardiovascular operations can be drastically impdowith a
gradual improvement in the production of synthétmplant

- Some elements of the implant bio-degrade ovee;titnis
process facilitates the exchange of synthetic intpddements
on the cellular structure of living tissues;

- The implant is impregnated with a solution oflbgically
active substances; such treatment promotes bettgovith
into the wall, eliminates bleeding through the wadind
prevents inflammation in anastomosis.

Surgeons devote a particular attention to the desify
implants with the innovative structure of a walluc@
structures allow simulating the biomechanical prtps of
human blood vessel and restoring a normal hemodipsam
after incorporation of the implant into the overall
cardiovascular system. The wall of implants mudidlastic,
porous, water-resistant, mechanically stable, biguatible,
anti-thrombogenic, resistant to infection, antietaogenic,
non-toxic and non-allergic.

It is known that any implantable material is notnetely
inert to a living tissue. The implant can be coasid a bio-
compatible product, if it is able to normally fuimet without
the inflammation of a living tissue.

Most implants used today are much stiffer than nadtu
human blood vessels. These synthetic implants halvigher
modulus of elasticity.

Diameter of natural blood vessel can be expandedmnthe
pressure in the process of pulsation of heartthmitdiameter
of the stiff synthetic implant is not extended sellwAs a
result, the surgical connections (anastamosis)biral blood
vessel with implant can break.

It is well known, the diameter of a natural bloceksel can
be expanded by approximately 10%, but the diamatehe
synthetic implant extends only to 1-3%.

Biomechanical properties of the synthetic implaai®
mainly dependent on raw materials, technological
characteristics, porosity, physical parameters, etc

technology and application of new composite polymer This confirms the need to create an innovative a&mpl

materials.

I11.BACKGROUND AND TRENDS IN THE PRODUCTION OF
VASCULAR PROSTHESES

At present, different countries offer different heologies
and different designs of vascular prostheses, bubme can
offer a universal solution to this problem. Thesgportant

criteria should be as the development of a new tgpe

vascular prostheses:

structure that can deform elastically and providemal
hemodynamics.

I11.T YPES OFSYNTHETIC MATERIALS AND Y ARNS USED FOR
WOVEN IMPLANT MANUFACTURING

Synthetic Yarns

Currently, specialists use such synthetic yarnswowen
prostheses:

- The structure of the implant provides a normal - Polyethelene terephtalate, (8s0,)n /Polyester, PET/ -

hemodynamics and prevents the formation of bloadscin
the lumen;

- The wall of synthetic implant provides ingrowthliwving
tissue for normal incorporation and the formatidra dayer of
endothelial;

Dacrorf, Terylen&, Trevird’, Tergaf etc.;
- Polytetrafluorethylene, CnF2n+2 /PTFE/ - Teflon
- Polypropylene, (¢Hg)n /PP/.
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Polyethelene terephtalate yarns have good mechaarica
hygroscopic properties, as well as resistance ¢ laiyclic
strains. This material is inert to acids and atkali

Polytetrafluorethylene yarns are bio-stable in yiand
these yarns are anti-thrombogenic. This materialatso good
physical and mechanical properties. It is resistanheavy
loads. Typically, the surface of PTFE implants &encoated
with biological substances (albumin, collagen, )etor a
solution of synthetic polymers such as silicone.

Polypropylene yarns have a relatively low densitg &igh
hardness. Under cyclic loading, the material gyeatduces
the physical and mechanical properties.

After analyzing the dependence of the stress apddit
(MPa) and number of cycles on the failure (humloérdhree
synthetic materials it can be concluded (see Fight¢e types
of yarns (PET, PTFE and PP) are sufficiently resisto a
physical fatigue cycle. The scientific communitgditionally
considers that polyester is the most suitable nadtéor the
manufacturing of woven implants. This material tgsod
mechanical, physical and biological properties.

Comparison of fatique for PTFE, PP and PET

20 —PTF
PP
15 —PET

1000000 10000 000 100 000 000

Number of cycles on the failure

Fig.1. Comparison of fatigue curves for PTFE, P& BET

In recent years, polyamide (PA, NyfynPerloif etc.) and
polyethylene (PE) filaments are not used for thedpction of
woven vascular prostheses. These synthetic matexial not
promising for these purposes.

During the implementation of the theoretical andgtical
scientific problems, other types of yarns and fiems can be
used. In modern science some designers begin tty she
possibility of using of polyurethane for the protian of
vascular implants. Combination of polyester andypathane
is especially good in order to get excellent etagtbperties.

At the same time, other materials are promising tfe
manufacturing of implants, for example, non-toxiathetic
biodegradable materials based on polymers of ocgadids.
Thus, the biodegradable material polilaktat (PLA)made
from organic polilaktat lactic acid, and poliglikl (PGA)
made of glycolic acid. This material completely detes
during 60-90 days.

At the moment, a new synthetic material
Biopolyester (PHB) is known. It has biodegradahiepgrties
over a long period, but this material can not bedufor the

10

Biomer

production of implants, because biomer is not ceteby
cleared of contaminants and chemical impurities.

Special Coating

Currently, producers are interested in modern teldyies
of finishing of implants.

For example, to get the prostheses with anti-thiagehic
properties, lumen is coated with a thin elasticefayf
synthetic material (silicone) and then with colllidsilica
solution — a highly dispersed system, which cossisttiny
particles at the dispersed phase (Cab-O-Sil, 10018m).
These components are cross-linked and form a maifrix
lumen. This structure facilitates the ingrowth atural tissue
through the wall of the implant and the formatiofi o
neointima. Such coverage also repels negativelyrgelia
platelets, preventing formation of blood clots from
undissolved fibrin.

If the lumen of vascular prostheses is covered with
synthetic materials using an ion-plasma methodn titeis
possible to form nano-level of bio-compatible cogtio—C:H,
DLC) on the walls of the implant. This coating irapes the
surface structure of the walls of the implant, maale
polytetrafluorethylene and polyethelene terephtaiarns. In
this case, this treatment improves the biocompyibbf
synthetic materials with natural tissue and bloetlsc and
reduces the surface roughness [1-8].

IV.WOVEN VASCULAR IMPLANTS

We offer practical solutions to ensure the normal
physiological properties of the reconstructed viscsystem:

1. Elastic goffered vascular implants have beeneamafd
polyester and polyurethane yarns using a specidbviho
weave. The implant is made using plain weave asbtse.
Two weft yarns (one polyester and one polyurethamne)laid
with the help of one rapier of loom. As a resuig tvall of the
implant is formed as rep weave. Thus, in every ghstfour
weft yarns are laid. In the area of the rapier macdm weft
yarns are stretched by 50%. At the exit from theking area
of weaving machine stretched polyurethane yarn is
compressed and returned to the previous conditioh,the
long overlap of inelastic polyester weft yarns foren
corrugated wall of the implant. Such prosthesis a@aiorm in
the tangential direction at 25-35% ensuring theikta of the
configuration (see Fig. 2) [9].

A -
\\\k‘\()

Fig. 2. Sample of goffered vascular implant
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2. Another elastic implant with the looped surfateicture

After weaving these implants were thermo stabilized

has been designed and manufactured. Samples oé theterilized. Then the implants have been impregnatgd a

implants have been manufactured by weaving holltastie

and flexible tubes using a special weave. The wélthe

implant has a specific structure. This woven stiretonsists
of a composition of polyester and polyurethane yafn the
outer wall of implant the loop formed as doubleows$, and
the inner lumen surface is smooth (see Fig. 3).[10]

Fig. 3. Vascular implants with velour structureail

3. Implant for reconstruction of the aorta has beéesigned

solution of bioactive agents in a vacuum chambsraAesult,
elastic membrane has been formed on the wall of the
prosthesis. It provides zero permeability of wdilimplant.
Impregnation is also necessary for better incotpmraof
implant into body without inflammation. Impregnateggment

of the wall of the implant — the image at the mégation of

50x (see Fig. 6).

Fig. 6. Segment of the wall of the implant aftepnegnation

and manufactured by the method of weaving. For wove

samples manufacturing, polyester and polyurethanesyhave
been used. Implants of aorta with main hollow tudred
tubular hollow branches have been produced. Thigant has
been made using a twill 3/1 weave (see Fig. 4).[11]

Rl
L O
Fig. 4. Bifurcated implant of aorta

V.THE ELASTIC STRUCTURE OF THEWALL OF THE IMPLANT

These implants have been manufactured by weaviligvho
elastic and flexible tubes using a special weave Wall of
the implant has a specific structure. This wovemcstire
consists of a composition of polyester and pohhagré yarns.
The structure of the wall of the implant (see F&y.is as
follows: 1 - polyester warp yarns; 2 - polyurethawarp
yarns; 3 - polyester weft yarns; 4 - polyurethamdtwarns.

Fig. 5. Cross-section of the wall of the implant

VI.STUDY THE PROPERTIES OF IMPLANTS

Three different designs of implants have been dapes:
goffered, velour, smooth. All these types have beenle as
the linear and bifwated ones. Linear and bifurcated implants
with velour structure of a wall have been invedtga
thoroughly.

Biomechanical Test Results

Samples of these blood vessel implants have bestadte
using the test machingwick/Roell BDO-FBO 5ST. In the
course of the study the following biomechanicalgpaeters
have been obtained:

The maximum tensile strength in the longitudinatction:
Omax1= 7,30 + 1,58 MPa;

The maximum tensile strength in the radial direttio
Omax2= 5,94 + 0,82 MPa;

The maximum strain in the longitudinal direction:
€max1 = 64,91 + 6,09 %;

The maximum deformation in the radial direction:
Emax2 = 163,11 + 20,75 %;

Modulus of elasticity in the longitudinal direction
E; =4,27 £ 0,58 MPag;

Modulus of elasticity in the radial direction:
E,=3,61+ 0,62 MPa.
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Preclinical Sudies [4] Jelinek, M. et al. 4th European Conference of th¢erhational
Federation for Medical and Biological EngineeringFMBE

Currently preparatory work is being implemented foe
tests on animals. Veterinarians perform a permaneiat
monitoring of the animals, and they carry out spktests.

(6]
VII.CONCLUSIONS

In the process of this scientific project, the spens of
innovative  pulsating implants have designed ang]
manufactured. The elastic structures of the wallehheen
made by weaving the used polyester and polyuretlyanes.
Three different designs of implants have been dgpe.
Thus, the biomechanical properties of bifurcated &near
velour implants have been tested. These prostheses also
been tested on animals. Various studies show thah s

8l

structures of prosthesis provide long-term  normd®l
hemodynamics in a vascular system of the organism. [10]
[11]
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Viktorija Kancevi ¢a, Andrejs Lukjan ¢ikovs, Alberts Auzans. Elastigu, austu asinsvadu pratZu struktara

Misdieriis kardiolaija tiek plasi izmantoti sigtiski asinsvadu implanti, lai aizvietotu skleroiigikartos un patofgiski izmairitos asinsvadu posmusadsi

kirurgisku opedciju merkis normalizt izmaitu hemodinamiku, uzlabojot artaé un venozo asinsriti. Modeinzinatne piedva daZdus praktiskus
risinajumus singtisko asinsvadu prefu izgatavoSanai. Reatjpt So [Etnieciski - ziratnisko darbu, izmantajn auSanas tehndiju un izstadajam inovaivas
strukiiras ar@riju un aortas implantu paraugus ar dab biomefaniskam ipa3bam ass un aploces virzien ProEZzu sienpu elasiba tika apstipriata

eksperimerii. Implantu paraugu izsidaSanai izmant@m poliestera un poliuraha pavedienus ar zemu lime blivumu. Apdares procaésimplantus
piedicinajam ar biosadégu, biolgsiski inertu prepaitu &idumu, kas izifstot veido elasjas memtinas un izpilda barjeras lomu pretigiem regentiem. Rc

implanta piesigSanas kagai asins sisimai inovaiva sieniu strukfira un elaggas membiinas spj modekt fiziologisko hemodinamiku rekonsgta gultre.

Piedavata asinsvadu prézes konstrukcija izatliz tas sienju caurlaidbu un nodroSina labu implanta inkorp&snos organisan

Buxropus Kannesunua, Aujpeii Jlykbsinunkos, Anoepre Ay3anc. CTPyKTypa 21aCTHYHBIX TKAHBIX IPOTE30B KPOBEHOCHBIX COCY/10B

B HacTosimee BpeMsi CUHTETHYECKHE BACKYJ/IIPHbIE MMILIAHTBl aKTUBHO NPUMEHSIOTCS B COBPEMEHHOI MEAULIMHE JUIS JI€UeHUs] OBPEXKIEHHBIX U M1aTOJOTHYECKU
M3MEHEHHBIX YYaCTKOB HATypalibHBIX KPOBEHOCHBIX cOCY0B. Takue oneparyy MPOM3BOAATCA C LENBI0 HOPMATH3AIMK MPOLEcca TEMOANHAMHUKHI U YITyUIICHUS
BEHO3HOTO M apTepHaTbHOTO KpoBoTOKAa. COBpEMEHHas HayKa MpeasaracT pasiidHble MPAKTUYECKHUE PEMICHHMS B 007acTH pa3pabOTKM M W3TOTOBICHUA
CHUHTETUYECKUX MPOTE30B KPOBEHOCHBIX COCYAOB. B mpolecce peanusauuy JaHHON HAayYyHO-HCCIIEI0BATENIbCKONH pa0OThl ObLIM Pa3pabOTaHbl U M3TOTOBJIEHBI
o0pa3Lbl TKAaHBIX HMILIAHTOB apTepUU U aopThl, 00J1ajalolmue XOopomuMu JIeOopMalOHHBIMH CBOMCTBAMH B MPOJOJIBHOM U IMONEPEYHOM HAIPABJICHUSX.
BsIcokue mokasareny 3MacTHIHOCTH CTEHKU MpoTe3a ObIIN MOATBEPsKACHBI SKCIEPUMEHTANBHO. [l M3rOTOBICHUS TPYOUaThIX MPOTE30B OBIIN MCTIONB30BAHBI
nonud(UPHBIE M MOJIMYPETAHOBBIE HUTH MAJIOW JIMHENHOHM MIOTHOCTH. B nanpHeiimem o0pasubl npoTe30B ObUIM 00pabOTaHbl CIELMAIBHBIM PAcTBOPOM,
BKJIIOYAIOLIMM B ce0si pa3iM4HBIE KOMIIOHEHTHI, OMOJIOTMYECKM - aKTHBHBIE BellecTBa U J00aBku. JlonosHurenbHas oOpaboTka obecrieunsa HyJIEBYIO
TUAPONPOHUIIAEMOCTh CTEHKH MPOTE3a, YTO OBUIO SKCHEPUMEHTANBHO MOATBEPXKIACHO B 1a00pPaTOPHBIX yCHOBMAX. HU3Kkuit ypoBeHb T'MIpPONpPOHUIIAEMOCTH
SBJISACTCS HEOOXOAMMBIM YCIIOBHMEM JUISI XOPOMIEH WMMIUTAaHTAlMM MpoTe3a B XOJE Omepaunnu. Takue cOCyaMCThIE MMIUIAHTHI O00ECHEUMBAIOT HOPMATbHYIO
reMouHaMuKy. [IpeuioxeHHas MHHOBAMOHHAs CTPYKTypa CTEHKU POTe3a CIIOCOOCTBYET YCIENMHON NHKOPIOPALMK UMILIaHTa B JKMBbIE TKAHU OpraHusMa 0e3
JIOTIONTHUTEBHBIX KOMITUTHKALMH.
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