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ABSTRACT KEYWORDS
To design a biocompatible, nonthrombogenic, compliant, infection resis- Tissue engineering;
tant and technically facile small diameter vascular graft is a surmounting Vascular graft;
feat to achieve. A whole host of biological grafts and synthetic prostheses Synthetic polymers;
are available. Saphenous vein and interna mammary artery grafts were Electrospinning.

initially used for coronary artery bypass grafting (CABG). Clinical effi-
ciency of synthetic, allogenic or xenogenic graft is limited by thrombosis,
rejection, chronic infection and poor mechanical properties. Commonly
used synthetic grafts like ePTFE and Dacron (PET) are limited by
thrombogenicity, neointimal hyperplasia and low patency rate. New sur-
face processing techniques such as glutaral dehyde fixation, treatment with
polyepoxy compounds and dye mediated photo oxidation improves the
patency rates and reduces immunogenicity but has its own disadvantages
like increased tissue calcification and cytotoxicity. Tissue engineering of-
fers an alternative, in which endothelial cells are seeded on either
decellularized arteries or polymeric nanofibrous scaffolds which are pre-
pared by non woven electro spinning technology. Thistechniqueimproves
graft patency. The surface of the polymer scaffold could be modified using
peptides like Arginine-Glycine-Asparate (RGD), heparin or treated with
recombinant type V111 collagen for better endothelia cell (EC) attachment
and retention. Advancing scaffold technology in collaboration with bio-
logical, chemical and materials science engineering will lead to the design
of ideal cardiovascular graft. Thisarticle reviewsthe current strategiesthat
are employed clinically to treat blocked blood vessels and the importance
of tissue engineering of small diameter arteries.

© 2009 Trade ScienceInc. - INDIA

INTRODUCTION heart (cardio) and disease of blood vessel (vascular).
TABLE 1listssomecommon typesof disease of both

Cardiovascular disease affectsmillionsof people  the categories?.
worldwide and accounts for 30% mortality world- Themajor risk factorswhich promotethesedis-
wide¥. Cardiovascular diseaseisabroad all encom-  easesare hypertension, high blood cholesteral, digbe-
passing term with two main components-disease of  tes, smoking and heredity'*®. Both natural and syn-
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thetic biomateria sare currently used for thereconstruc-
tion of theblood vessals. Naturd vesselscan befurther
categorized as autograft, allograft and xenograftg?.
Vascular surgery wasfirst defined asareaof interest for
massiveresearchwith theinitial publication of Alexis
Carrel’s work in 190211, Lexer in 1907 performed
thefirst freeautogenousvein graft by replacing an axil-
lary artery defect with greater sgphenousvein fromthe
same patient!**2, Cryopreserved dlograft exhibit ex-
cellent mechanicd propertiesbut their useislimited by
high occlusion rates3%4, X enogenic prostheseslike
glutaraldehydetreated Bovine pericardia and porcine
carotid arteria graft have good homeostatic character-
isticsbut display chronicinfectionsand calcification ef-
fectd™™. Themain limitationsof harvesting nativevesse
aremultiplesurgical procedures at the cost of patient
which causes|onger healing time and donor sitemor-
bidity. Synthetic polymerslike polytetrafluoroethylene
(PTFE), polyethyleneterephtha ate (Dacron) and poly-
urethane arewidely used for vascular surgery!*®. The
first synthetic graft was reported in 1952 when
Voorheesdescribed hisinitia work indogsusing tubes
of Vinyon N clothto bridge arterid grafts'”. Autolo-
goussmall diameter grafts have been harvested from
the saphenousvein and used mainly in coronary artery
bypass grafting (CABG)™*®. Large diameter vascul ar
graftismainly used for aortic/iliac artery reconstruc-
tionswith Dacron and ePTFE dominating the market!9,
Themaindrawbacks of synthetic graftsare poor pa-
tency, high thrombogenicity and necintimd hyperplasa
whichresultsin thefailure of the prostheses®.
Tissueengineeringisthedevel opment of biologica
substitute and strategiesfor regeneration that can be
used to replace, enhance, repair and regenerate ti ssue/
organ function?Y. Tissueoffersaviabledternativeto
engineer anided smdl diameter vascular grafti?224,

Natural biomaterial ascardiovascular graft

Natural vessels can be broadly classified as
autografts, dlograftsand xenografts. A tissuesurgicaly
removed from one area of person’s own body and
transplanted in another Steonthesamepersoniscaled
autograft. Autologous vessel ssuch as greater saphen-
ousvein, internal mammary artery or radia artery are
appropriatefor coronary artery bypass grafting proce-
dures®. Lantz et a. grafted dog jejunal submucossa
asan autologousvascular graft and found that after 28
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TABLE 1: Cardiovascular diseases

Disease of heart Disease of vessel
Arteriosclerosis and
atherosclerosis
High blood pressure

Coronary heart disease

Coronary artery disease

Cardiomyopathy Stroke
Vavular heart disease Aneurysm
Pericardial disease Peripheral arte.rialldisease and
claudication
Congenital heart disease Vasculitis
Heart failure Venous thrombosis

daysthetissuewas covered by alayer of endothelium
and resembled the nativevessdl. Onlong term follow
up therewere no evidencesof graft failureand infec-
tion®), Theseresultswerefurther confirmed by thework
of Huynh et al. who used acellular submucossal graft
enriched with bovine collagen. Small intestinal sub-
mucosaisacel free collagen matrix derived from por-
cinesmal intestineand isused asascaffold for vascu-
lar reconstruction. It was demonstrated that they have
theahility to beremodd into host tissug?2,

Allograftsaretissuesthat are obtained from an-
other person or from cadavers. Sincethey are obtained
from cadavers, they are availablein plenty, and elimi-
nate secondary surgery and the associated pain and
cost®*3U, However, they arelimited by the possibility
of immunological reection and diseasetransmisson®.,
Cryopreserved alograftsareimportant componentin
therepair of many congenita heart defects, particularly
toenlargelumina diameter of obstructed outflow tracts
andlargevessd stenosig®*4. Knosallaet al. examined
theefficacy of dlograft in dogsthat had beenimplanted
with Sepidermidisinfected aortic prosthetic graftsand
concluded that cryopreserved aortic dlograft weremore
resistant to reinfection than are synthetic graftsafter in
situ replacement®3. Rowe et al. compared cryo
preserved alograftsand collagenimpregnated Dacron
graftsand found that the latter had more patency!4.
FurthermoreLehaleet a. demonstrated all ograft re-
lated complications of degeneration and rupture®l.
Xenograftsaretissuesremoved from an animal donor
and transplanted to ahuman. X enogeneic organsused
asscaffoldinclude decd lularised porcine, common ca
rotid arteries, iliac arteriesand bovine ureter*%, The
main advantage of these graft materia isthat they can
be preserved as off shelf material and arein abundant
insupply.

All thesegraftsrequirelot of physica and chemica
pretreatment to control the chemical and enzymatic
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degradation, preservethe nativetissue and most im-
portantly kill the pathogensto avoid diseasetransmis-
sion. Lotsof tissuesprocessing techniquesarecarried
out in thisrespect and the most common method isto
crosdink the scaffold using glutara dehyde or formal -
dehyde“+#¥l, Glutaraldehydeisamain crosslinking
agent which hasfive carbon bifunctiona a dehydethat
reectswithlysyl resduesinprotensand formsinterchain
crosslinkswhich stabili zestissue against degradation.
Bovinepericardial graftsaretreated with glutaralde-
hydetoyield good homeostatic result. However, this
treatment is cytotoxic and leadsto chronic calcifica
tions. Further it was demonstrated that calcificationis
theprincipal causeof failurefor tissue-derivedcardiac
vavesreplacement pre-treated with glutaral dehydeg®.
Glutaral dehydeincorporation and crosslinksintroduced
upon pretreatment creates gaps or void spacesin the
bi oprosthetictissuewhich serve as nucleation sitesfor
cacification. It wasanayzed that local cytotoxicity of
glutaral dehyde crosslinked bioprosthesesisdueto un-
stable glutard dehyde polymersthat persist intheinter-
sticesof crosslinked tissues*. Another promising cross
linking agent with fewer side effectsispolyepoxy com-
pound which reactswith amide, carboxy, phenol and
alcohol groups to form intrahelical collagen cross
linkg*4l, Ekadaet al. compared the cytotoxic effects
of glutaral dehyde and polyepoxy cross-linked materi-
alsandfound that al the diepoxy compoundsinvesti-
gated inthestudy exhibited lower cytotoxicity thanform-
aldehyde, glutaraldehyde, and a water-soluble
carbodiimidé“™. They providegood resistanceto cal-
cification, thrombos sand aneurysm apart from stabi-
lizing thetissue against degradation. Another gpproach
istocrosslink thegraft materia catayzed by dyeme-
diated photo oxidationi“®. In the presence of some
photo sengitizerslike methyleneblue certainamino ac-
idssuch astryptophan and histidineare oxidized. With
respect to photo oxidation of histidine, it hasbeenre-
ported that aspartic acid and ureawerethefina prod-
uctsof thisreaction, and adetailed mechanismfor the
oxidation reaction has been described by Ukitaet d .19
Studies have shown that dye-mediated photo oxida-
tion can be used to stabilizeintact collagen based tis-
sues such as bovine or sheep pericardium and small-
diameter arteriesfor these applications, photo-oxida-
tion servesasacatal ytic processthat induces modifi-
cation and crosdink formation withintheexisting matrix

components, resulting inamore natural material[48].
Photo-oxidized bovinepericardid tissue(Photo Fix TM)
isnon immunogenic and biocompatible material suit-
ablefor vascular repair™. Nativevesselsareindeed
thefirst choicesfor vascular repair but havetheir own
limitations of aneurysm and need along term follow-
upt®l.

Syntheticbiomaterialsascardiovascular grafts

The most commonly used synthetic grafts are
polyethyleneterephthalate (PET), polytetrafluoro
ethylene (PTFE) and polyurethaned®?. Theided prop-
ertiesof synthetic vascular graftsarechemica stability,
biocompatibility, hemocompatibility, appropriate me-
chanical property and porosity®™. Thefollowing sec-
tionsded swiththedifferent synthetic biomaterialsthat
arecurrently used as cardiovascular grafts.

Polyethyleneter ephthalate (PET) or dacron

The synthetic polymer polyester terephthalate
(PET), dsoknown as Dacron, isbiocompatible, resil-
ient, flexible, durable, and resistant to biodegradation
and Sterilization. Dacron graftshave good strength, en-
durance and higher compatibility with human host®2.
Different typesof Dacron (woven, knitted and crimped)
have been fabricated with vel our congtruction (Bard®,
DeBakey®) on their inner and outer surfacesto en-
hancetissueincorporation. In order to reducethe blood
loss, knitted grafts have been pre-clotted prior toin-
sertion™, The pre-clotting procedureislessfrequently
used in woven grafts because of much smaller pores
produced inthistechnique. Dacron graftscoated with
proteins (collagerva bumin) and antibioticshaverecently
been manufactured to reduce the blood lossand infec-
tion respectively™. However Dacron graftssuffer from
thrombogenicity and poor patency®6>7.

Expanded PTFE (ePTFE)

Polytetrafluoroethyleneisaresnwhichwasinvented
by Sumitomo electricsin 19638, PTFE provides a
smooth surfacewhichislessthrombogenicand requires
externally support to avoid kinking®®. Microporous
expanded polytetrafluoroethylene graftswereintro-
ducedin 19708%. Sawyer et d. invented ePTFE which
isasynthetic polymer of carbon and fluorine produced
by mechanicd stretching®. Animplantablemicroporous
ePTFE tubular vascular graft exhibitslong term patency,
superior radid tensilestrength and sufficient porosity to
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promote cell endothelialization, tissueingrowthsand
heding. Moreover, they retard aneurysm formetion, have
excdlent heat & chemica resstanceand arehighly im-
permesbleto blood®?. Successful animal studieswere
performed by Soyer et a. and Campbell et al .18,
Hanson et d. improved the performanceof ePTFE grafts
by modifying the physical properties of the graft sur-
facd®. Neointima hyperplasiawithin ePTFE graftsis
sgnificantly reduced by theloca application of nonpo-
rous silicon polymer coating or by peptide fluorocar-
bon-surfactant polymer coating®¢¥. Recently Chaikof
et a. hasused arecombinant e astin-mimetic triblock
protein polymer with aninversetransition temperature
(approximately 20°C) and seeded it on small-diameter
ePTFE vascular graft. Theresultsdemondratethat eas-
tin-mimetictriblock protein polymer can beused asnon-
thrombogeni ¢ coating or asacomponent of atissue-
engineered composite. ePTFE graft is preferred than
Dacron for venous reconstruction in the absence of
autologousvein'®l,

Polyur ethanes

Polyurethanes (PU) werefirst introduced asgrafts
intheearly 19509%". The advantagesof polyurethanes
includeavery smooth non-thrombogenicinner surface,
athin-walled graft with compliance andimproved han-
dling characteristicg®®. Theefficacy PU graftscan
beimproved by providing carbon coating, heparin graft-
ing and endothdid cell seeding. However, theexisting
PU grafts have not been successful for useassmaller
diameter vessel§™.

Many strategies such as seeding endothelial cells
onto the synthetic surface have been empl oyed made
toimprovethefunction and patency of polymeric grafts
so that they becamelessthrombogenic™. Dacron and
ePTFE grafts have been pre-seeded with autol ogous
endothdlia cellstoavoidimmunological reactiong™ ™,
Sincethe adhesion of endothelia cellsonthe surface of
Dacron and ePTFE was poor, the graft surface prop-
erties were atered by either using a recombinant
fibronectin-like adhes onfactor or by ammoniaplasma
treatment!™78, M odifying the surface of thegraftsdid
not show any improvement in the patency. However,
thereisahugeclinica demand for an dternative supply
of vesselsto replace diseased arteried™!.

Tissue engineering of blood vessels
Tissueengineering mergesthefiedsof cell biology,
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engineering, material s scienceand surgery using scaf-
foldsinthepresenceor absenceof living cellsto main-
tain, restore or improve the function of damaged tis-
suesand organd””8. Dueto thelimitations of thecur-
rent smal diameter arteries, itisrequiredto developan
artificia condruct that would mimic thenative coronary
artery. Considerabl e success has been achieved with
such constructsfor the replacement of larger vessels,
whereas small-diameter arterieswith adiameter less
than 6 mm have not been successful. Hence atissue
engineered blood vessel (TEBV) that can replacean
autologousvein or artery with appropriate performance
after implantation and at affordable cost isdesirable™.
Thebasic TEBV requirementsto mimicthefunctiona
characteristics of a living blood vessel are non-
thrombogenicity, non-immunogenicity, exhibitsvasoac-
tivity and possessmechanicd propertiesmatchingthose
of the nativevessel[®,

Basic understanding of the physiological charac-
teristicsof blood vesselsisrequired to engineer asuit-
able cardiovascular graft. An artery consists of three
digtinct regions, dl of them containing specidized cells
andtheextracdlular matrix (ECM).Anatomicdly, from
theoutside of thevessdl totheingde, theseregionsare
called thetunicaadventitia, tunicamediaand tunicain-
tima. Furthermore, thetunicaintimaislinedwith aspe-
cidized, snglelayer of endothdid cdls™.

Thetunicaadventitia, the outermost layer of ablood
vessd, cons stsof mainly fibro-elastic connectivetissue
and ECM, supplying most of themechanical strength
and structura integrity tothevessdlel,

Thetunicamediacontains mainly smooth muscle
cdllsand e agtin fibersand the smooth musclecdlsare
highly abundant and make up thebulk of thevessd wall
thickness. Theéastin providesthevisco-dastic prop-
erty to the vessel and the mediarests on an internal
elagticlaminafor structura support thereby separating
it fromtheinnermost layer, thetunicaintima®.

Thetunicaintimaor intimaisusualy thethinnest
structural layer present in avessel and ismade of a
singlelayer of endothelial cells (ECs) mounted ona
basement membrane. The surface of the EC layer ex-
presses glycoproteins, together called theglycocalyx,
which prohibitsblood cellsand plasmaproteinsto mi-
grateintothevessd wall under normal conditions; hence
itisacharged barrier®?,
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Scaffold fabrication

Tissueengineering scaffol dsare three-dimensiona
structuresthat provideasitefor cellsto attach, prolif-
erate, differentiateand secretean extra-cdlular matrix,
eventually leadingto tissueformation®. In additionto
optimizing scaffold Sructureto ensurethat such desired
cdlular activitiesoccur, itisaso possibletoguidecells
into forming aneo-tissue of predetermined three-di-
mensiond shapeand size®. Basically tissue-engineered
scaffolds should mimic thefunction of extracellular
matrix. ECM iscomposed mainly of fiberssuch ascol-
lagen, elastin and largely amorphousinterfibrillary ma:
trix such as proteoglycans, non collagenouscdl binding
adhesive glycoprotein solutesand water®. Themain
function of ECM isto support cell anchorage, oriented
cell adhesion, proliferation and differentiation(®?. Re-
cent advances in biomedical nanotechnology and
€l ectrospinning techniques enabl ethe production of ul-
trafine solid and continuousfibers of biodegradable
polymers®l. They can beeectrospuntoformaligned
or random nanofibres depending on the gpplication and
nanofibershavediameter intherangeof 1-1000nm. In
the nanodimensi on, surfaceto volumeratioislargepro-
viding ahigher surface areawhich benefitscell adhe-
sonand proliferation. These nanofibrousmatsobtained
viad ectrospinning mimicsextracd lular matrix in char-
acterigticsand functionif functionalized suitabl y©®".

Electrospinning

Electrospinning is a cost effective and elegant
method to produce aligned or random nanofibers de-
pending upon the application®°*3, \When a polymer
solution or melt isexposed to high voltage, thedrop
formed at theend of the capillary overcomesthe sur-
facetenson andformsaTaylor conewhich further splits
into finejetsof thefibers. Asthefiberstravelstowards
the grounded target the solvent evaporatesforming a
seriesof interconnected web of finefiberg®.

Electrospun nanofibrousmat for blood vessel en-
gineering

Ramakrishnaet al. demonstrated the preparation
of poly (L-lactide-co-¢-caprolactone)[ P (LLA-CL)]
biodegradabl e structureviad ectrospinning method®4.
Further thel P (LLA-CL)] copolymer surfacewas modi-
fied with collagen coating which enhances spreading,
viability and attachment of human coronary artery en-

dothelia cells (HCAVEs)®!. Surface modification of
electrogoun polyethyleneterephthd ate (PET) nanofibers
with gelatin and polymethacrylic acid were d so stud-
ied®l, Vacanti et d. reported that d ectrospun nanofibrous
polycaprolactone (PCL) meshesshow good adherence
and proliferation of rat cardiomyo cytes®. Poly (eth-
yleneglycol)-poly (D, L-lactide) € ectrospun fine-tex-
tured scaffolds were constructed for heart tissuere-
generation by Xong et al.l®®¥. Richard et al. fabricated
polycaprol actone-pol yurethane (PCL-PCU) compos-
ite scaffold for vascular repair and carried out human
vascular endothelid cellsadherence and proliferation
studies®. Theresultsdemonstrated that thelumina PCL
surface of the scaffold supportstheformation of stable
functional EC monolayersand the overall scaffoldis
good for vascular tissueengineering.

Vascular applicationsof tissueengineering

The earliest application of tissue engineering to
blood vessd replacement wastheendothdid cdl (EC)-
seeding on synthetic graftsto resist thrombogeni cityt 2,
For the past three decades various approaches such as
EC-seeded synthetic grafts, collagen-based blood ves-
sel analogs, self-assembled blood vessels and
decellularized tissue approachesto blood vessel graft-
ing have been studied™. Initially to increasethe pa-
tency of synthetic grafts (ePTFE and Dacron) endothe
lidizationwascarried out”. Bhattacharyaet d. showed
theresult of enhanced endothdidizationand microves
formationin polyester graftswhich were seeded with
CD34+ bonemarrow cellg1°1, Many modifications of
the synthetic vascular grafts were carried out to en-
hancetheir patency. Plasmidsencoding for humanvas-
cular endothelid growthfactor (PNGVL3-VEGF) were
administered toimprove early endothelialization*,
Polyurethanevascular prosthes swasincorporated with
polyethylene glycol and Y IGSR peptide to promote
endothdidization®, Synthetic peptideArg-Glu-Asp-
Va wasimmohilized on polymer surface and enhanced
endothelialization was observed™®, RGD and heparin
were covalently bonded onto Myolink® to improve
the cell retention on graft surface!®. Recently it was
demonstrated that vascul ar endothelia growth factor
(VEGF) geneplasmid carried by polytetrafluoroethylene
(PTFE) vascular graft could transfect endothelial cells
and promotetheir growth%,

In the area of biodegradable synthetic polymer-
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based constructs|ot of polymer combinationsor co-
polymersaretriedto produceanided scaffold for car-
diovascular tissue engineering. Fabrication of thevas-
cular substitute by seeding bovineendothelid cellson
poly (D, L-lactide-co-glycolide) scaffold wascarried
out(*%l, Collagen coated poly (L-lactide-co-g-
caprolactone) nanofiber mesh was seeded with human
coronary artery endothdid cells(HCAEC) for making
suitablevascul ar substitute ™™, Enhanced Soreadingwas
observed ondl abovematrices. Recently scaffoldsmade
of polycaprol actone and polyurethane was seeded with
endothelial cellsand wereeva uated for blood vessel
engineering. Attached cell sdemonstrated abundant re-
lease of vonWillebrand factor, nitricoxideand ICAM-
| and exhibited responseto lipopolysaccharide®.
First tissue engineered blood vessel was produced
by Weinberg and Bell in 1986 and this provided the
foundation for cardiovascul ar tissueengineering®. It
givesustheinsight to developacompletely biologicd,
living and autologous blood vessdl produced invitro
for smal vessd reconstructions, dso havingtheadvan-
tages of good mechanica strength without theuse of a
synthetic scaffold. Bell et al. used anima collagengels
and cultured bovine endothelia cells (ECs), smooth
musclecellsand fibrobl agts. Other reinforced methods
were devel oped and tested dueto the poor mechanical
performance observed infirst case. A very innovative
approach wastaken by Huereux et a. intheyear 1998
to tissueengineer ablood vessel based exclusively on
the use of cultured human cellsand without synthetic or
exogenousbiomateria 91%1. Sheetswere produced with
human vascular smooth musclecdlscultured with ascor-
bic acid and placed on atubular support to produce
themedia. Similar sheet over themediaprovided the
adventitiaand ECswere seeded inthelumen. Campbell
et al. carried forward these approaches by growing a
vascular graftin recipient’sown peritoned cavity. After
two weeks of implantation, layers of myofibroblasts,
collagenmatrix and singlelayer of mesothilium had cov-
ered thesilagtic tubing which wasinsertedin the cavity.
Tubeof living tissuewaseverted and was found suit-
ablefor designingasmall diameter vessal 1%,
Researchisbengcarried outinthefie d of dlografts
and xenograftsfor tissueengineering purpose. Haverich
et a. designed a graft by seeding human cells in
decd lularized porcinematrix™“, M echanicad and com-
pliance properties of the scaffold werestudied and it
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werefound to be durable, compliant and to match the
mechanica propertiesof thenaivesmall diameter blood
vesdls. Endothdlid cellswerecultured on acd lularized
rat arteriesand the mechanical propertiesof thematrix
were comparableto native vessdl s presenting an ater-
nating method for reconstruction of small vessel§%1.
Cryopreserved dlograft veinsweretaken and precoated
with autologousserum for small caiber grafts applica
tion™*14, Biomechanical properties of decellularized
porcine common carotid arterieswerereported by Roy
et d .M, Theresults demonstrated that the process of
decdllularizationyiel dsvessd sthat can withstand infla
tion pressuresbut have the di sadvantages of geometri-
ca and compliancemismatch a so compliancemismatch
may promote graft-artery intimal hyperplasiaby ater-
ingthesuturelinestresses. Recently atissueengineered
graft was constructed by self derived cellsand hetero-
geneousacd lular matrix. Experimentswere performed
on thoracic aortaof adult sheep and endothelial cells
were derived from two weeks piglet and the results
showed no thrombosis and calcification was ob-
serveditZ,

In another novel approach bacterial cellulosede-
rived from the bacteria Acetobacter xylliniumwasused
asascaffold for TEBV™, These scaffolds supported
thegrowth of blood vessel swith no signsof inflamma-
tion. Inmore recent findings scientistshave designed
thefirst TEBV suitablefor autologoussmall diameter
arteria revascularization in adult patients™4. A novel
method named sheet based tissueengineeringwas used
to assemble TEBV, wherefibrobl astswere cultured to
produceacohesive sheet comprising of living cellsand
awel | organized endogenous matrix. Also thismodel
eiminatesthe need of smooth musclecdlswhichisre-
ported to be associated with decreased burst pressurein
human mode '3, Thus, cardiovascular tissueengineer-
ing providesaviableplatformfor designing smdl diam-
eter vascular conduit for gppropriate site gpplication€l,

Summary

Small diameter cardiovascular graft can be mod-
eled from natural vesselslikealograft and xenografts
but their usesare limited by infectionsand immunoge-
nicity. Surfacemodificationusing crosslinking techniques
resultsin thrombogenicity and calcification. Synthetic
graftslikeePTFE and Dacron aremost suiteblefor large
vessal reconstructionsand havetheir own disadvan-
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tagesof kinking, thrombogenicity, infections, poor com-
pliancemismatch and patency. Tissueengineering seems
to be the best possible solution for designing asmall
diameter vascular graft with decellularized allograft,
xenograftsand polymeric nanofibers as suitable matri-
ces. Al so e ectrospinning process has been recogni zed
asanided techniqueto fabricate polymeric nanofibrous
scaffoldsfor vascul ar ti ssue engineering. Furthermore,
by us ng € ectrospi nning and ti ssue engineering process
one can devel op mechanically strong cardiovascul ar
graft with enhanced patency.
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