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Innovative Structure and Modified Geometric Form
of Woven Bifurcated Vascular Prostheses

Viktoriya Kancevicha, Andreys Lukyanchikovs'? Riga Technical University

Abstract. Woven vascular prostheses with the innovative wall
structure and with improved geometric form have been
manufactured within the framework of the research project.
Several prototypes of linear and bifurcated prostheses have been
fabricated from polyester and polyurethane yarns. The main
biomechanical properties, including defor mation of wall of woven
tubular implant in radial direction have been improved. In this
case, the elastic deformation of a new synthetic prosthesisis close
to a natural blood vessel. However, the geometric shape of the
segment of the bifurcation has been improved. Such geometric
shape of the cross-section of bifurcation improves the prosthesis
incorporation into living tissues. This innovation also nor malizes
the blood flow and as a result normal long-term hemodynamic
processin the vascular system after prosthesisimplantation.

Keywords: vascular implant, woven prosthesis, bifurcated
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|I. INTRODUCTION

Now a surgical method is used in approximately 2686
cases of treating pathology of a vascular systemother
cases, the method of invasive stenting is appSéenting is a
very good method, but it cannot be applied to aes of
practical cardiology. In some cases, stent may eahe
excessive growth of endothelial cells, and, as sltethe
lumen of the stent may be closed over time. Mat&rnal
frame of stent may also gradually grow in the li/inssues of
a natural blood vessel. Such a risk is not desrdbt the
patient. Platelets are able to actively accumuthte metal
structure on the elements. This factor is alsodisadvantage
of long-term exploitation of metallic stent.

All modern commercial vascular prostheses havegadni
rate of hardness indicator than natural blood \esSehese
implants also have a lower rate of modulus of &l@gtin
comparison with natural blood vessels. Consequeritig
commercial prosthesis has less stretchy properfies.this
reason, the pressure of pulse wave increases in
anastomosis after implantation. In this case, thp gan be
formed at the junction of the blood vessel and thess.
Arterial aneurysm may also occur as a result of gbblem.
In some cases, pathologic hyperplasia of artefgnaippears,
as a reaction to surgery and implantation.

Traditional geometrical form is typical of the corarvial
bifurcated prostheses and recent scientific ineasti In this
case, the sum of diameters of the two branchegualéo the
diameter of the main tube. In some cases, the suliameters
of the two branches is even less than the dianoétére main
tube. The e geometrical form designing and calmriabf
dimensions of cross-sections of the main tube amaddhes
have become popular in recent years [1, 2].

In recent years, scientists have been trying toeldgv
alternative geometrical parameters of three-dinweradi
prostheses.

This paper proposes innovative solutions to imprdve
structure of the wall of prosthesis and to improtre
geometric form of woven prosthesis.

Il. MANUFACTURING OFLINEAR VASCULAR PROSTHESES

The samples of innovative vascular prostheses haen
designed and proposed within the framework of thesent
research. These new implants have a special steuend
unigue form [3-5].

The wall of the prosthesis has been made from ptdye
and polyurethane yarns. Polyester yarns have verydg
mechanical properties, including high resilience adgclic
deformations. These yarns have a high rate of brgak
elongation and tensile strength.

Polyester yarns are not toxic to living organisansg these
yarns are inert to acids and alkalis. Polyurethganas have
very good elastic properties. This is the main ativge of
polyurethane in this case. Polyurethane has angbsitive
indicator. This material does not contribute tot€lim contact
with blood.

Many scientists have also researched the posgilulit
polyester and polyurethane composition for the rfeaturing
of the implant with improved biomechanical propest[6-14].
In our case, a unique ratio of yarns and specialvedas been
proposed.

The samples of innovative vascular prostheses haen
made by weaving technology. Polyester warp yarnd an
polyurethane warp yarns have been used in the2dtidout in
the weft system only polyurethane yarns have bessd.u
Some of these structural innovations of woven wiascu
implants have been presented at various interredtamientific
t%%nferences [15-18]. The samples of different visdinear
implants based on this technology are shown inphetos
(see Fig.1).

In recent times, the designing of innovative suetof
elastic implant, which will have the biomechanipabperties
close to bio-mechanical properties of human bloeskels, is
the priority in science. In real hemodynamics, ¢haaplants
should be able to simulate the pulsating effecblobd flow
under pressure.

Such high elastic parameters are required for Ihks:
linear prostheses and bifurcated prostheses.

Not only structure of the wall affects the quality the
prosthesis. The dimensional shape of implant, fengt
implant, cross-sectional diameter and other geooadtr



Material Science. Textile and Clothing Technology

2012/7

parameters of implant are very influential factmrensure the
normal process of hemodynamics. The
parameters is particularly important for high ploysgical
quality of bifurcated prosthesis.

Fig. 1. Woven linear vascular implants:
a) 6 mm; b) 7 mm; c) 8 mm; d) 9 mm; e) 12 mm

For this reason, the study of bifurcated woven angd has
initiated the second phase of the project.

MANUFACTURING OFBIFURCATED PROSTHESES WITH
INNOVATIVE FORM

At present, the development of a completely newngstdc
type of bifurcated implant is a very important stific
direction in modern science, because it is one @jom
problems in the design and functional charactesstof
bifurcated prostheses. The swirls of blood flow wcmn the
process of separation in the bifurcation. Then, thain
parameters of blood flow (velocity, pressure) dnanged in
the separation zone of the implant. Therefore, dlaigcosity
parameter is also changed. Under such circumstaomgemnic
sediment will actively adhere to the walls of bloggksels in
the separation zone.

The idea of exclusion of the possibility of fornmati of
turbulent eddies has been focused on the design
development of the innovative form of the bifurchtmplant.
As a result of theoretical research and practicakywe offer
the patented method of manufacturing of the woviamdated
implant with a completely new geometric form [19].

The diameter of the main tube increases by 20%, i

exceeding three centimetres, which can be splib iwto
branches. Respectively, such change in the geanfetrn of
the main section of prosthesis allows increasing glze of
diameter of the two branches.

This design eliminates the possibility of blood wilo
turbulences in the divided segments of the bif@damplant.
The scheme of the innovative shape implant istiaied in
Fig. 2.

Vascular bifurcated prostheses have been made dlggn
with linear prostheses as five different diametgrshe main
tube: 6 mm, 7 mm, 8 mm, 9 mm and 12 mm. The diangdte
the main tube has gradually been increased closieetaone
of separation, leading to the changes in thredroeites from

10

the zone of separation. As a result, the separatioe and the

ratio of thesBameter of the branches have been increased B0%bin

comparison with the diameter of the main tube.

Fig.2. Scheme of an improved geometric form of feifited vascular implant

The woven bifurcated prosthesis has been manuéstioy
weaving technology (See Fig. 3). Polyester warmgyaand
polyurethane warp yarns have been used in the2dtidut in
the weft system only polyurethane yarns have beed.uThe
bifurcated prosthesis has been made by analogytigtlinear
prosthesis.

The impregnation of wall structures with the biatzg and
synthetic solution is the next step after manufactu and
sterilization of the implant. After impregnatioret next step
is thermo-fixation.

Then thirty impregnated samples of implants have be
tested for water permeability based on ISO 7198dstad. As
a result, the test has shown zero water permeabflithe wall
of woven implants (0 ml/min/cth

and

Fig.3. Woven bifurcated vascular implant

After conducting the water permeability test, theaimn
biomechanical properties of implants have also bstedied
based on the standard “Cardiovascular implants bulBu
vascular prostheses”.

A special stand has been used for testing. Testdsta
consists of a mechanical device, device to chamg@tessure,
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computer system, sensors, and video recording eelncthe
process of testing, various properties have beentified:
internal pressure, stress, deformation of the walis
longitudinal and radial directions. The computes necorded
all changes of the geometric shape of specimemnastipeses.

IV. BIOMECHANICAL PROPERTIES ORMWOVEN VASCULAR
IMPLANTS

In the course of practical experiment, main prapsrof
prostheses have been defined (see Fig. 4). Thelesnop
woven vascular implants have been tested undesyme$rom
0 mm Hg to 240 mm Hg.

Step change in pressure has been 20 mm Hg. Ththlehg
each sample of implants has not been changed imtaat

Internal pressure Stress, Deformation,
Mm Hg kPa %
0 0 0
20 20.09 4.00
40 41,85 6.20
60 64,95 8.00
80 89,84 10.03
100 115,75 11.71
120 142,53 13.10
140 168,62 13.95
160 194,61 1451
180 221,10 15.00
200 247,65 15.50
220 274,62 16.00
240 303,45 16.75

Fig.4. Main indicators of biomechanical properties

The overall result of test has shown that the waflsa
woven synthetic implant have a non-linear depeneleot
pressure and deformation (see Fig. 5).

The maximum deformation is 16.75 %, if criticald@mal
pressure is 240 mm Hg. Modulus of elasticity irsthase is
5.4 mPa. This is similar to the biomechanical prtps of
human vascular vessels.

Internal pre

Radial deformation, %

Fig.5. Dependence of internal pressure on radfaroation

In the course of the scientific project, a comgieteew
form of woven bifurcated prosthesis has been deeslcand
proposed. The new elastic structure of the walhgdlant has
also been developed and tested. The results ofandse
confirm that the innovative structure of walls ofglantsand
improved geometric form provide very good biomedbaln
properties, and these properties are similar tgptbeerties of
human vascular vessels.

V.HISTOLOGICAL STUDIES

The histological studies have been conducted after
removing vascular implants from the body (which peped
after six months). The results of the study havawhthat the
prosthesis is covered by connective tissue throuights
length. Connective tissue also grows in space latwe
synthetic fibres. Neointima has formed on the iasichlls of
the prosthesis. Lumen of prosthesis is not clogeid; clean
(see Fig. 5).

Fig.5. Micro-picture of histological study of prbssis
(100x, sample painted thematoksilin-eozin

VI.

The innovative woven wall structure and unique gewit
form allow improving the basic biomechanical prdjser of
an implant. The deformation properties of tubulapliant
have been improved in the axial and radial direstidn this
case, the rate of elastic deformation of new syitthe
prostheses is close to a natural blood vessel. mbdified
geometric form and improved woven structure enable
bifurcated prosthesis to better incorporate intingj tissues.
This extended shape eliminates the swirls of bifbod. This
innovation also normalizes the long-term process of
hemodynamics in the vascular system after prosthesi
implantation.

CONCLUSIONS
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Viktorija Kancevi¢a, Andrejs L ukjanéikovs. I novativas struktir as un modificetas for mas austas bifur kacijas asinsvadu protezes .

SI zinatniska petijuma galvenais praktiskais uzdevums bija Brfitr austas bifurkcijas asinsvadu preges ar galvenstobra modifietu geometrisku formu. &ls
konstrukivs risirgjums izsédz asins plsmas virploSanos pirms prétes sazarojuma. Darba reatijas gait tika izstadata af inovaiva asinsvada siepi
strukiira, kas nodroSina piEgei labas hemodinamiskapa3bas. Praizes sienju inovalva strukiira tika veidota no smalkiem poliestera un poliamat
pavedieniem ar sargifu pinuma rakstu. Pirmadarba etapizstradajam linearas protzes, bet otrajetag — bifurkacijas implantus, izmantojot patéti metodi.
Pedgja paredz bifurkcijas protze galvera stobra diametru palielit par 15 idz 20% pirmsa sazarojuma, kaswj izveidot af atzarus ar palieliu diametru.
Saidzimajuma ar komercilam bifurkacijas proézém, modificctas geometrisks formas praize izsédz asins pismas turbulenci pirms sazarojuma. Indvas
strukiiras asinsvadu prétes paraugus t€gim laboratorijas apsklos, iz\ertgjot galvenos biomemiskos raksturlielumus un pie makgimaugsta iek&a
spiediena to sienu tdens caurlaithu. IzgEtes rezuliti lauj seciat, ka apdares proces&veidotis elasigas membinas proizes pofis s nodroSirat sienhu
udens necaurlaitiu, vienlaiggi saglaijot pro€zei teicamas elastasipadbas ass un aploces virzierPiedivatas struktiras ungeometrisks formas asinsvadu
protzu deformawasipadbas ir maksirali pietuvinatas cileka asinsavadipagbam, kas sps ilgtermia nodroSiat normilu hemodinamiku.

Buxktopus KanneBnya, Amnapeii JlykbsinunkoB. HHHOBaumoOHHas
OndypKaNHOHHBIX IPOTE30B KPOBEHOCHBIX COCY/10B

I'maBHOM npaKmqecxoﬁ 38.,2[8.'-16]7[ JAAQHHOI'0 HAYYHOI'O HCCJICNOBAHHUA SABJIACTCA NPOU3BOACTBO 06pa3u013 TKaHbIX 6H(1)ypKaLIHOHHBIX IPOTE30B KPOBECHOCHBIX
COCYyIOB C MOZ[I/ICI)I/II_II/IpOBaHHOfI l"eOMeTpI/I‘IECKOﬁ (bOpMOfI TIOTIIEPEIHOr0 CCYCHHUA TJIABHOI'O CTBOJIA U ABYX €TI0 OTBETBJICHHUI. I[aHHLIe KOHCTPYKIIMOHHBIC
HOBIICCTBA ABJIINCH HGOGXOZ[PIMLIM YCJIOBUEM [UIA YJIYUIICHUS IIponecca TreMOAMHAMHUKH B peKOHCpr'I/IpOBaHHOﬁ KpOBeHOCHOI)‘I cucteme. B mpouecce
peanusanuu ZlaHHOﬁ Hay'-IHOfI pa60TBI ObljIa TaKKe NpeAJIoKEHAa UHHOBALIMOHHAA CTPYKTYpa CTCHKH TKaHBIX MPOTE30B KPOBCHOCHBIX COCYZOB. Hpezmox(eHHax
CTPYKTYpa MO3BOJIACT AOCTUIaTh OUYE€Hb XOPOIINUE OHMOMEXaHHUYECKHUE TIOKa3aTeIn JJI1 BaCKYJISIPHBIX IIPOTE30B B YCIOBUAX €CTECTBEHHOM FeMOZ[PIHaMPI‘{eCKOfI
MyJIbCAIIMK, B TOM YKCJIC - BBICOKHME MOKA3aTeNd MPOAOJIBHOH M paauanbHON ynpyroil nedopmaruu. OOpasibl TKaHBIX MPOTE30B OBUIH H3TOTOBJICHBI MPH
TIOMOIIU CJIIOKHOTO IEPEIIICTCHUS. B xauecTBe HUTEH OCHOBHI U YTKa B JaHHOM CJ1yda€ IMPUMEHSIIUCH HOJII/I3(1)I/IpHI)Ie 1 NOJINYPETAaHOBBIC HUTH MaJIoi JTUHEHHON
IUIOTHOCTU. Ha mepBoM dSTame Hay4dHO-IPAaKTHYECKOH paboOThl ObLIM H3rOTOBJICHBI JHMHEHBIC TpyOuyaThle MPOTE3bl, @ Ha BTOPOM — OudypkanmonHsie. B
ponecce npou3BoACTBa 6M(bypKaI_II/IOHHLIX IpOTE30B OBLI HCITOJIE30BAH paHee 3aMaTeHTOBAHHBIN MCTOM, KOTOpBIfI npeaycMaTpuBacT YBCINYCHUE NUaMETpa
IJIABHOTO CTBOJIA MMILIanTa Ha 15-20%3a 2-3 cm J10 Ha4aj1a €ro pasacicHus. Takoe YBEIUYCHUE NUaMETPa INIaBHOI'O CTBOJIA 00ecIeynBaeT U COOTBETCTBEHHOE
YBEIUUCHUE AUAMETPOB [BYX €ro OH(YpKaIHMOHHBIX OTBCTBICHHU. JlaHHAas HHHOBAIWS, CTPYKTYpPBl CTEHKH M TeOMETPHYECKOH (opMbI mpoTesa, ObLia
NPEUIOKEHA IJIs1 HOpMAaJIM3alluU Mpouecca reMOAUHAMUKU U UCKIHOYCHUSA BO3MOXKHBIX Typ6yJ'IeHTHI>IX 3aBI/IXpeHHI71 KpPOBSHOI'O IIOTOKa B 30HC 6H(1)ypKaLII/II/I,
XapaKTEPHBIX IIPU MPAKTUICCKOM IIPUMEHCHUU TPAAUIMOHHBIX KOMMEPUYECKUX ITPOTE30B. H3roroBieHHbIC 06pa3m,1 OBLIH MIPOTECTUPOBAHEI B J'Ia60paTOpHLIX
YCJIOBUAX, A€ U3YyHalIUCh BOAOINPOHUIACMOCTb CTECHKH IPOTE3a U OCHOBHBIC IMapaMETPhbI OUOMEXAaHMYECKUX CBOWCTB. Pe3yJ'II>TaTI>I OKCIEPUMECHTOB I1OKa3aJiu,
4qTo MeM6paHLI, 06pa303aBu1Hecs[ B IIopax u3aeiys, HaJCKHO 00ecIeunBaoT HYJIEBYIO BOAOIIPOHUIAEMOCTD, 4 CaMH IIPOTE3bI OGJ’IaI[aIOT BBICOKOH HpOHOJ‘ILHOﬁ
u nonepequﬁ z[e(i)opMauHeﬁ, ToKa3aTe/in KOTOpOfI OJIM3KH ONTHMAJIbHBIM ITOKA3aTEeNSIM 3JJaCTHYHBIX CBOMCTB KPOBCHOCHBIX COCYZI0B 4CJIIOBCKaA.

CTPYKTYpa M MoOAM(UIMPOBAHHAs TeoMeTpuyeckass ¢opMa TKaHBIX
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