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Hemocompatibility is not a characteristic depending on ly on chemical 

pro perties of po l ymers sin ce it has been often observed that materi a l s 

potentially hemocompatible with regards to their chemical structure, proved 

to be unsatisfactory f or the fabricati on of prostheses in contact wi th 

blood. 

During th e last few years we stud ied the synthesis and characterization 

of new potentiallY hemocompatibl e thermoplastic el astomers (TPE ) and thei l' 

us e f or t he fabrication of both valvular and vascu lar prostheses. 

The results so far obtained for t he assessment of the role pl ayed by th e 

physico-chemical properties of the po l yme rs and by the design in determining 

the hemoc ompa tibi li ty of cardiovascular prostheses are presented. 

SYnthes is an d character i zati on of new t hermoplastic el a stomers. 

New three.block copolyme rs were synthesized in our laboratories th rough 

the "quasi l i v ing " cationi c po l ymer izati on of styrene (or o:-me:hyl styre ne) 

and isobutylene (1) . TI1 ' S r esul t was ach i eved by the use of syncataly t · c 

systems based on aluminium organic compounds and a catiogenic substance (Cl 2 , 

t-butyl - c hloride) in CH3Cl or CH2 CI 2 solution at low temperature s (1). 

New comb-I ike TPE vJere syn thesi zed by reac ti ng styrene-isoprene two 

block living polymeric chains with both ethy lene-mal e i c anhydride copolymer 
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(EMAC) and styrene-maÌeic anhydrrde copolymer (STYMAC) (2).

New poìyurei.hanes or polyurethaneureas were synthesized by rhe usc of

new o,ur functional teleche.lic poly.ners.

o , uJ - polyisobutyJ-ene diols were obtained by the polymerization of

icnh,rtr,lana rrith ",S-dimethyl-2,S-dichlorohexane and AlCl: at low

temperatures in CH2CÌ2 solutions, or using Kennedy's IN1FER rechniques (3).

Through cationic polymerization processes some new o, o - functional

telechelic polymers were also prepared startj-ng from oxygen containlng

cyclic or bicyclic mononers.

These ollgomers were synthetized by the use of
--oxabicyclo(2,2.1)heptane and some of lrs ring-substituted derivatives.

The polymerization of these monomcrs and Lheir copo.lynerj.zation with

ethylene or propylene oxide was carried out with AlEt3 and H, O as the

catalytic system. Both cristal-Ìine and rubberlike materials were obtained

depending on monomers and polymerization conditlons.

All these diols vrere used for the production of new polyurethanes or

polyurethaneureas by usual. reacLion with different diisocyanares fo) lowed by

chain extension with various chain extenders such as l-ow molecurar weight

diofs or diammines (5).

The mpnh:ni^al ^Fnnérj'ìèe ^f rhó..,., TpE were varj.ed OVer a wirì^ rano-UVsr q wru! rqIEr

by modifying the ratio of the hard and soft segments.

The physico-chemical- and biologicaì characterization of the materrals
described above was carried out forlowing the guide]ines for the

characterlzation of biomateriars gives in a publication of the u.S. National

rnstitute of Health (5a). As far as the bulk properties were concerned, the

foìÌowing tests were carried out: rR and NMR spectra, soLvent response,

mofecular welght and its distribution, extractabi.tity, thermal

characterization (DSC) and stress-strain measurements,

As for the surface properties, we carried out: right mrcroscope

morphology and internal refl-ection infrared spectroscopy. Finally, we

performed the forlowing bioJ-ogical tests: the agar overlay tissue culture
test on the material and agar overlay on material extracts, The results of
all the physico-chemical tests performed conflrm the expected
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thermoelastomeric nature of the poJ-ymers synthesized. Toxicity tests seem

to exclude important toxic effects of leachable components possibly present

in our polymers.

The blood-polymer interactions were investigated by rneans of some of the

tests described in a second publication of the U.S. National Institutes of

Health (5b), where guidelines for blood-rnaterial interactions are grven.

These tests are whole blood clotting time'in tubes, sheets or films of test

materials (the modified Lee-White clotting tesÌ) ' Lhrombin cime, and

platelet adhesion and aggregation. The resul-ts of these tests show that the

new polyurethanes behave very similarly to other biomedical polyurethanes

(Biomer, Avcothane 51), while graft copolymers on STYMAC or EMAC behave much

better than other ionomers already descrlbed in the l-iterature as biomedical

polymers (6).

Cardlac valves

some ol the polymers described before were used for the fabrication of a

new type of prosthetic leaflet heart val-ve (7).

The maj-n problems so far encountered for the practical applications of

prosthetic heart valves in cardiovascular surgery seem to be related to the

short life exibited by biological vafves (mainly due to cal-cification

processes ) and to the unsatisfactory hemodynamic behaviour shown by

mechanlcal vafves whlch induce thrombus formation unfess anticoagulant drugs

are used.

In attempt to alteviate these problemsrstudies were undertaken in order

Lo design a new type of prosthetic three leaflets heart valves entirely

manufactured in a composite pol-ymeric materials.

The three leaflets of this valve consist of a layer of knitted Dacron

fabric, to ensure mechanical resistance, coated with TPE, using different

technj-ques, to increase the hemocompatibility; the .leaflets were sewed with

a braided polyester teflonized wire onto a Delrin stent.

An extensive in vitro evafuation of the proposed valve has been

performed by means of different testing apparatus developed in our

r^L^-^+^-,, /a\rauvraLvlJ \e/.
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Flow patterns, v.isuaÌized in sLeady flow condit-ions, exlbit central flou

without vortexes. In pulsatiÌe flow tests the waveforms of both ventricu-Lar

and àórli. nrcqqrrre and of flow rate are simi lar tÒ fhe nhvsiole-r^^' ^---uv L,,L P'rJJrvrué!r4r v,'còt

while high speed f-i-lm-ings show the subsranLial regularity of opening and

n I nc iro r^\/émanrc nf i-h6 y3]yg.

-hp eaficfanin-rr hpharrinrrr nf ll^e nn.n^co.l rrrirro ic nnnfinmod hrr thaLr r! Pr uF ' . r,ruu uJ

nl^ lhe rnnlin ^-^sJUCessl L1 rmntanLarl_,. _. p, _stheses in pigs, which remained

alive several months, without anricoagulanr drugs.

Vascular grafts

The second appl.j.cation of the previously described new TpE is the

production of vascular grafts (9). The problem oi substitutlng demaged

natural vessel-s of large diameter ( > 7 mm) has been satisfactoriÌy solved by

the use of vascufar prostheses made of woven or knitted reflon or Dacron

fabrics. These grafts are purposeìy deslgned to avoid kinkj-ng by a

technological process of circunferentj-af heat crimping.

The reasons ior the success of such prostheses has aÌready been

discussed in the relevant llterature ( 6 ) and seem mainly due to the

formation, inside the grafts, of a tissue which is structurally very similar
to that of the natural art€ry. These artificial grafts, however, usualry
fall when used for the replacement of arteries smafler than 7 mm Ìn r-nternal
diameter.

The reasons for thls fail-ure have also been discussed and seem ro oe

rel-ated mainly to the crimped inner surface of the fabric graft which may

give rise to turbulence of the blood and cause thrombosj-s.

one of the major advances in the construction o-f artificial arterial
grafts has been the development of the expanded PTFE

(polytetrafluorethylene) that needs no crimping and shows a. grossì-y snooth
rnternal 1ine. These grafts show serious r-imitations, too, when used ior
the replacement of arterles snalrer than 7 mm in interna] dianeter.

Quite recently, certain Authors (10,11) have suggested that the rairure
of small bore inefastic prostheses may be the result of the mismatch in the
mechanical properties between the syntheti-c artery and the naturar one to
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^ ^'Lached.tsrdrL rÒ 4ur

These Au[hors have suggesred Lhat such prob.lems may be soìved by using

efascomeric materials, such as polyurethane, purposely designed in order to

possess mechanicaf characterlstics slmilar to those of natural vessels,

Aq nró\/ i nrrcl v ne41i oned the new TPE .lFc.-i hèd i n l-hi c nanpn ean he!rrLr PUP-_

e'nrhéri7èà il;th a ilidò ---^^ ^- -l--+i^ ^^^nérfièe cin^é thè<è n.^^èrr;è<rJrrLlrqurzsu Lr! plvpur urrlrL prvpLr vrLr

can be modified eiLher changing the ratio of the hard and soft segments or

hv fhp nec nf di ffencnt o rr frrnel-i^nal félpahal ia nnl,r-anc fnn th- ^.-rL^-:^vrrc ùJI e rrcòr ò

nf nnl rrr rnathanoc

UsÍng sone of these TPE, chosen fnom among those which have shown the

hiohaql deo-ee nf hcmr^^-*^ ^-r -^^d mé.haninrl nnnnont iocur 1,c,,'vuv,,,po d'ru guu.- uor pr vpul

of artificiaì conplìant gnafts with a diarecer in rhe rang 2.5+5 nm were

fabricated.

Stress-strain and compliance tests performed on different tubes show the

possibi lity of endow.ing the arLif-icial grafts with an elastic behaviour

which iq \/erv similar to that of naturaÌ arterres.

Some of thesegrafts were irplanted in the f-moral artery of mediun-sj.ze

dogs. IrmediaLely afîer implantation a f-lowmerer was pos.Ltionecl at the

disLal end of t.he graft' to measure the relacive flow rate. Af the same

trme, two pressure transducers were inserted two centimeters above the

proxima] anasthomosis and on the largest distal branch of the femoral arlery

in orden to continuously record Lhe pressure above and below the prosthesis.

The e nnnl i ancp of t h- o^r.1-c nr^,lrr.èq a rri <i hl a nrrl ci n- ,,,hi ^h i dPrvvuvlJvul-rl'g

qrrnnnrfcrr h\' 1-hè chi ft :n fhp nracqrr-c urarreform rhc nre<crrne drnn nnprrortLrrv Pr urJur L ur uP

q ' +h^ nr^-rh^-ì^ i- \rér1r l^r., tho ft^L, rh^^rì^h +ha nF^-+h^+uJ r"q pr u-rirs5 J rvw, Lnr.ougfl Lfle proslnelr( gl.ar L ls

normaf.

Mosr of the grafLs remaj.ned patenL until rhe auLopsy of the anj.mal (45

days ) .

a^-^l,,ii

The new graft copoÌymers poly STYMAC

very high degree of hemocompalibì1ity,

their suitability for grafts fabrication

( or EMAC ) -g-isoprene-b-styrene show

from "in vitro" experiments, but

has not iot hecn verifig(i.
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The new polyurethanes whj-ch appear to be of comparable blood

compatibility to commerciaì materials offer a spectrum of mechanical

properties based on segment sequence and the choice of chain extenders that

permit the fabrication of both prosthetic grafts and cardiac valves with

satisfactory performances. During short-term animal implantation, these

graîts and valves did not cause any substantia-l troubles, presumably owing

{^ lhàin ìhhF^r,òÀ flilidnrìwnarie do<ion feaLUfeS, HOWeVen the lOnp-t-rn.

mechanicaÌ properties and material-blood interaction characteristics should

deserve further research efforts.
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