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Momusayus u yenv: PacnpocTpaHeHHOCTh, IPOTPECCUPYIOLIEe TEUCHHE aTePOCKIIEPO3a
U COIMYTCTBYIOLIETO CaxapHOro quadera B MOCIEAHNE NECSTUICTHS IPUBOJIST K POCTY
OKKJIFO3MOHHBIX TOPaKCHUH KOPOHAPHBIX M NEpUPEPUUECKUX apTepHil Majloro
nmuameTtpa (1o 6 mm). X pacripocTpaHeHHOCTh B 00IIeH MOy ISIIUN COCTABIISAET OT 3 10
10 % u Bo3pactaet 10 20 % y mozeii crapure 70 ner [ 1]. 3aboneBanus nepudepruyeckux
apTepuil OKa3bIBAIOT CYIIECTBEHHOE BIIMSHHE Ha KAayecTBO >KU3HU OOJBHBIX W MpHU
MIPOTPECCUPOBAHUY SIBJISFOTCS OCHOBHOM MPUYMHON MX MHBAJIMIN3ALMN U CMEPTHOCTH.
B cBs3u ¢ 3TMM pa3paboTKa HOBBIX MaTEpPHAJIOB Ul CEPAECYHO-COCYIUCTON XUPYyprun
(CCX), xoTophbie MO3BOIHIH OBl MOBBICHTH 3P(PEKTUBHOCTH XUPYPrHUECKUX MPOLERYD
SIBIISIETCS AKTYaJIbHOH 3a7auci.

Haunyuymum mMaTtepuanoM IJii HPOTE3UPOBAHMS COCYIOB SBJSIFOTCS AyTOBEHHBI,
MPOXOIUMOCTH KOTOPBIX B KPATKOBPEMEHHOH U ATTUTENBbHON TEPCIEKTHBE MTPEBOCXOJUT
TaKOBYIO Y CHHTeTHUYECKUX IpoTe30B cocyaoB (I1C) u y 3HI0BaCKyIAPHBIX TEXHOIOTHH
pekaHanu3auun aptepuil [2]. OgHAakO NPUTOAHBIE I XUPYPrUU ayTOBEHO3HBIE
TPaHCIUIAHTATHl JOCTYIHBI He Ooiee, ueM y 20 % OONbHBIX, a JeUeIUTIONIPU30BaHHbIE
kceHoreHnbsle [1C, cunterndeckue IIC, HM3roTOBIEHHBIE W3 HKCHAHIUPOBAHHOTO
nonurerpadTopaTiieHa (AIIT®D) wnim  nonmdTHICHTEpedTanaTa HEJOCTATOYHO
3G EeKTUBHBI, TOCKONBbKY CKIOHHBI K (DOPMHPOBAHHIO aHEBPU3M, OOIIMPHON
HEOMHTUMBI, © UMEIOT BBICOKYIO YaCTOTY PECTEHO30B 1 TpoMO030B [3]. JIiist TOoro 4To0b!
00ecreynThb JIONTOBPEMEHHYIO0 cOCTOATEN HOCTH [1C, MaTepuansl, HCIOIb3yeMble IS
n3roroBiieHus [IC m wmHBIX m3peamii s CCX noipkHBL 00JIafaTh 1OCTATOYHOM
MEXaHHUUYECKON MPOYHOCTBIO, OJM3KOW K aHaJory 3JIaCTHYHOCTHIO/MOJATIUBOCTHIO,
OMOCTaOMIBHOCTBIO, TO €CTh CIOCOOHOCTBIO JUTHTEILHOE BPEMsl COXPAHSTh MTPOYHOCTh
nocJie uMIuIanTanuu (puc. 1).

Kpome Toro, I1C nomxHBI BEIIEpKUBATh AOJTOBPEMEHHYIO IEPUOJUUECKYIO HATPY3KY
0e3 gedopManu M OCTaTOYHOTO YyAJMHEHUs (aHeBpusMbl). [lomxombl, KoTOpbie
WCTIONB3YIOTCS U TOBBIIICHUS T'€MOCOBMECTUMOCTH, B KPAaTKOBPEMEHHOW U
JOJITOBPEMEHHOW TIEPCIIEKTHBE, a Takke OHOCOBMECTHMOCTH, HEOOXOIUMBIM
TpeOOBaHMEM KOTOPOW SBISIETCA CHOCOOHOCTh MOJAEPKHUBATh (HOpPMHUPOBaHUE
OJIHOCJIOHOTO HENPEPHIBHOTO M HE aKTHBUPOBAHHOTO DHJIOTENHWS, MUHHMHU3UPOBAThH
BOCTIAJIEHUE, TUIEPIUIA3UI0 pyOLOBOH TKaHW (HEOMHTHMA, MapanpoTe3Has Karcyla),
MPEICTaBJICHbI Ha pUC. 2.
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Puc. 2. ®akTopsl ¥ MOIXO/IbI MOBBIIICHUS TeMO- i OrocoBMecTMocTu [1C

Memoowvr u ancopummwi: Jlyis TOro dYTOOB M3TOTOBHTH TaKWe W3ACTHS ObLTH
WCIIONIb30BaHbl pa3Hble MOAXOJbI, OCHOBAHHbIE KaK Ha HCIONb30BAHUU H3JEIUH W3
AIJIOTEHHBIX  (AyTOJOTWYHBIX) KJIETOK, TaK W Ha U3TOTOBICHUHM W3ICIUA U3
CUHTETHUYECKHX OHOJCTpaiupPyeMbIX, OHOCTAOMIBHBIX (TIOJUTHAPOKCHAIKOHATHI,
MOJIMTMOKCAHOHBI, TOJUTHIPOKCUCEO0KAThl U T. M., OoJiee CTaOMIBHBIX MOJIUMEPOB
THUIA TIOJIMKAIIPOJIAKTOHA, ere 6onee ctabmibHbIX nonmuypetanos (1Y), monucunukater
Y TeTEPOIIOIMMEPHI Ha UX OCHOBE [4] MM IPUPOAHBIX MTOJIMMEPOB, MX CMECEH, a TaKxKe
KOMOWHAIWH KIETOYHBIX TEXHOJOTHI C 3aCesIeMbIMH MOJTMMEPHBIMUA KOHCTPYKIUSIMA
(puc. 3). Kpome TexHomoruu mnoiydeHus sKkcranaupoBanHoro I[IT®D (AIITDD),
KOTOpBIA IIMPOKO HUCHOJIb3yeTcsl g M3rotoBiueHus uspenui ais CCX, omnmcaHO
WCTIONIb30BaHUE TaKWX TEXHOJOTUH Kak pasleneHne ¢a3, BaKyyMHas CYIIKa,
nonuMepuzanua  rujaporenedt, osnektpocnuHHMUHT  (DC), pa3Hele  BapHaHTHI
MOJIU(HUKALNHY TOBEPXHOCTH M3JIEJIUH.

Mzr uccaenoBanu I1C, usrorosiennsie MeTogoM DC u3 O0enok-HamoaHeHHbIX 1Y u
CTEHTBI C JIEKAPCTBEHHO-HAMOIHEHHBIM TOKPHITUEM, HaHeceHHBIM Meronom OC B
IKCIIEpUMEHTax IN VIitro m in Vivo. [Iis TMOKpBITHI CTEHTOB OBUIM HCIOJIB30BaHBI
ck3¢pdoansl Ha OCHOBE IOJHMKAIPOJIAKTOHA, C BBEIECHHBIM B COCTaB BOJIOKHA
nakiurakcenem win cupoinumycoM. [IC ObUM HW3rOTOBJIEHBI W3 TOIMAPUPHOTO
(mpoctoii 3¢up) amudaruueckoro 1Y Tecoflex 80A, mommaduproro (mpocToit 3¢up)
apomaruueckoro IIY Pellethane 2363-80A, mnommsdupHoro (cioxHbId 3¢dup)
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amudaruueckoro [TY Tecothane TT-1074A, nonmukapOonatHoro anudaruyeckoro [1Y
Carbothane PC-3575A.
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Puc. 3. buonoruyeckue, cuHTeTHYeckre 1 KoMOuHUpoBaHHbIe [1C

Pesynomamei: Ha MeqUIMHCKOM phIHKE yrxe npencrasieHsl 1IC, npeqnazHaueHHbIe A7
JOCTyIa IpY reMoAnan3e U n3rorosiaeHHble OC U3 MOMUYPETAaHOB OT TAKMX KOMITAHUH
kak Nicast Ltd. (M3pawums, mpote3 AV{lo™), Bard Inc. (CILIA, npotre3 VECTRA®) n
Dialybrid S.r.1., (Mtamus, mpores Silkothane®), a Takke U3roTOBIEHHBIE aHATIOTUYHBIM
obpazom crenTsl ¢ mokpeiTasiMu PK Papirus, (BIOTRONIK SE & Co. KG, I'epmanns).
Kommanuss Humacyte Inc. (CHIA) mpemnoxuna wmsroraBnmuBaTh [IC Ha ocHOBe
ayToornyHblX KieTok (u3HavanbHo I['MK, morom MUIIC) kynpTHBHpYEeMBIX Ha
OuojerpagupyeMoM MaTpukce B Ouopeakrope [5]. B Hactosmiee Bpems Takue [1C
HaXOJISATCSI Ha MOCIEIHEH CTaANN KITMHHYECKUX UCTIBITAHUM, XOTS U HE ISMOHCTPUPYIOT
BBIIAIONIUXCS TTOKa3aTesnel (MpoXxoauMocTh 58 % yepes 5 jer).

J1J1s M3roTOBNIEHMS JIEKapCTBEHHO-HAIIOJHEHHBIX MMOKPBITHI CTEHTOB OBUIH TTOI00PaHBI
cocTaBbl pacTBOpoB st OC, obecneunBaroIne XOpouryro reMo- 1 OH0COBMECTUMOCTD
ck3(honIoB U ycIOBYS YIAKOBKH JIEKAPCTB B CKAPQOIIBI C JUTUTENBHOH, IBYX (ha3HOI
JIOCTaBKO# mpemnapaToB. B skcrepuMenTtax in ViVO ObUIO MOKa3aHO, YTO CTEHTHI C
JICKApCTBEHHBIM  MOKPBITUEM O00JaJaroT O4YEBUAHBIM IPEUMYLIECTBOM Iepex
HETMOKPBITBIMU CTEHTaMH [6, 7].

Bbeut orpaboran coctaB BHyTpeHHero ciosi 1IC, KOTopbli JeMOHCTpUPOBaJl XOPOLIYIO
reMo- U OMOCOBMECTUMOCTD (ITH MOKA3aTeNH HE CHIILHO OTJINYAINCh MEXKY Pa3HBIMU
tuniamu [1Y). Tlokazano, uro HammeHnee crabuibHbiii Tecoflex 80A B cocrase IIC
MPAaKTUYECKU HE JErpasupyer ciycTs 6 Mec MOocie UMIUIAHTAlUU B OPIOLIHYIO aopTy
kpeic. Uccnenyemseie 11C Ha ocHoBe 11V 3naunTtensHo npeBocxoadr [1C u3 salITPD no
TOJIIIMHE HEOMHTUMBI, HHIYKIIUK BOCHAJICHHUS U ynoOCTBY ycTraHOBKU. MccnemoBaHo
BJIMSIHUE CTEpUIIM3AlK Ha cTabmibHOCTh [1Y M momoOpaHbl ONTUMANIbHBIE YCIIOBHUS
CTepWIIM3ALMM M3JIeNIUil, a Takke pa3padoTaHO OO0OPYAOBAaHME W TEXHOJOTHS JUIS
MenkocepuitHoro usrotosnenus [IC auamerpom ot 2 1o 7 MM u juymHOU 10 60 cM
[8-13].

Bvigoowvi:  JluteparypHble  IaHHbIE W pe3ydbTaThl  HAIIMX  HCCIECIOBaHUM
CBUJICTENILCTBYIOT O BBICOKOH 3¢¢extuBHOCcTH [IC ¥  THOKPBITHH  CTEHTOB,
n3roToBiIeHHBIX OC U3 OeNOK-HAMONHEHHBIX MNOJMMEpoB. [losyueHHbIE TaHHBIC
MO3BOJISIIOT PEKOMEH/I0BAaTh CTEHTHI C JIEKAPCTBEHHO-HATIOJHEHHBIM NOKpbITHEM U [1C
n3 6enok-HanogHeHHoro [1Y ans TOKIMHUYECKUX U KIMHUYECKUX UCTIBITAHHUH.
Qunancuposanue: Viccnenosanmne nonaepxano punancupoanneM UXbOM CO PAH
mo ['3 Ne 121031300042-1 u wactuano u3 cpencte HMUILL um. E.H. Memankuna, '3
121032300337-5.
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Motivation and Aim: The prevalence and progressive course of atherosclerosis and
concomitant diabetes mellitus in recent decades have led to an increase in occlusive
lesions of coronary and peripheral small diameter arteries (up to 6 mm). Their prevalence
ranges from 3 to 10 %, and increases to 20 % in people over 70 years [1]. Peripheral
arterial diseases have a significant impact on the quality of life and the main cause of
patient’s disability and mortality. In this regard, the development of new materials for
cardiovascular surgery (CVS), which would improve the efficiency of surgical
procedures, is an urgent task.

The best material for vascular prosthetics are patient's own veins, the patency of which
in the short and long term is superior to that of synthetic vascular grafts (VG) and
endovascular technologies for arterial recanalization [2]. However, autovenous grafts
suitable for surgery are available in no more than 20 % of patients. Decellularized
xenogeneic VG, synthetic VG made from expanded polytetrafluoroethylene (ePTFE) or
polyethylene terephthalate are not effective enough, since they are prone to the formation
of aneurysms, extensive neointima, and have a high incidence of restenosis and
thrombosis [3]. In order to ensure the long-term patency of VG, the materials used for
manufacture of VG and other devices for the CVS must have sufficient mechanical
strength, elasticity/compliance close to the analogue, biostability, i.e. the ability to
maintain strength for a long time after implantation (Fig. 1).

In addition, VG must withstand long-term pulsing load without deformation and residual
elongation (aneurysm). Approaches that are used to increase hemocompatibility, in the
short and long term, as well as biocompatibility, the necessary requirement of which is
the ability to maintain the formation of a single-layer continuous and non-activated
endothelium, minimize inflammation, hyperplasia of scar tissue (neointima,
paraprosthetic capsule), are presented in Fig. 2.

Lang-term patency small -
- caliber Vascular grafts -

Fig. 1. Factors influencing the long-term viability of the VG
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Fig. 2. Factors and approaches to increase hemo- and biocompatibility of VG

Methods and Algorithms: In order to produce such products, different approaches were
used, based both on the use of products from allogeneic (autologous) cells, and on the
manufacture ~ of  products  from  synthetic  biodegradable, biostable
(polyhydroxyalconates, polydioxanones, polyhydroxysebocates, etc., more stable
polymers such as polycaprolactone, even more stable PU, polysilicates and
heteropolymers based on them) [4] or natural polymers, their mixtures, as well as
combinations of cellular technologies and synthetic scaffolds (Fig. 3). In addition to the
technology for producing expanded PTFE (ePTFE), which is widely used for the
manufacture of products for dry drying, the use of technologies such as phase separation,
vacuum drying, polymerization of hydrogels, electrospinning (ES), and various options
for modifying the surface of products is described.
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Fig. 3. Biological, synthetic and combined VG

We studied VGs manufactured by the ES method from protein-filled PUs and drug-
loaded stents coated by the ES in vitro and in vivo. For stent coatings, scaffolds based
on polycaprolactone were used, with paclitaxel or sirolimus incorporated into the fibers.
The VGs were made from polyester (ether) aliphatic PU Tecoflex 80A, polyester (ether)
aromatic PU Pellethane 2363-80A, polyester (ester) aliphatic PU Tecothane TT-1074A,
polycarbonate aliphatic PU Carbothane PC-3575A.

Results: The medical market already offers VG intended for hemodialysis access and
produced by ES from polyurethanes from Nicast Ltd. (Israel, AV{lo™ prosthesis), Bard
Inc. (USA, VECTRA® prosthesis) and Dialybrid S.r.l., (Italy, Silkothane® prosthesis),
as well as similarly manufactured covered stents PK Papirus (BIOTRONIK SE & Co.
KG, Germany). Humacyte Inc. (USA) proposed producing VG based on autologous cells
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(initially SMCs, then iPS) cultured on a biodegradable scaffold in a bioreactor [5].
Currently, such VG are at the last stage of clinical trial, although they do not demonstrate
outstanding performance (patency rate 58 % after 5 years).

To produce drug-loaded stent coatings, compositions of solutions for ES were selected
to ensure good hemo- and biocompatibility of scaffolds and conditions for packaging
drugs into scaffolds in order to ensure long-term, two-phase delivery of drugs. In vivo
experiments have shown that drug-eluting stents have a clear advantage over bare stents
[6, 7].

The composition of the inner layer of VGs was developed, which demonstrated good
hemo- and biocompatibility (these indicators did not differ much between types of PU),
it was shown that the least stable Tecoflex 80A practically does not degrade 6 months
after VG implantation into the abdominal aorta of rats, all PU-based VG options are
significantly superior to ePTFE VG in terms of neointimal thickness, inflammation
induction, and ease of installation. The effect of sterilization on the stability of PU was
studied and optimal conditions for VG sterilization were selected. Equipment and
technology were developed for small-scale production of PU with a diameter of 2 to
7 mm and a length of up to 60 cm [8-13].

Conclusion: Published data and our own research data demonstrate the high efficiency
of VG and stent coatings made by ES from protein-enriched polymers. The data obtained
allow us to recommend drug-eluting stents and VG made from protein-enriched PU for
preclinical and clinical trials.

Funding: The study was supported by funding from ICHBFM SB RAN 121031300042-
1 and partially from the funds of the NM Research Center named after E.N. Meshalkin
121032300337-5.
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