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I ntroductlon

The biocompatibi l i ty and blood conpatibi l i ty
of naterials nay be enhanced by various surface
¡odif lcat lons, including the chenical attachnent of
suitable macronolecules, blological ly act ive agents,
iydrogels, or by the deposit ion of thln, essentlal ly
r lperneable surface coatings (1). Although LTI ( low
ienp€rature isotropic) carbons have been success-
ful ly used ln bionedlcal appl lcat lons for seve¡:a1
Jears, their deposlt ion parameters bestow l imita-
t lons. Guided by the biocompatible propert ies of
LTI carbons, vacuum processes are being appli.ed for
tbe deposlt ion of thin, carbon f i lms onto a variety
:f  substrates, including polymers (2). In addit lon,
:nvestlgations are being also conducted with ion-'ream deposited carbons (3). The ult lmate biological
propert les of these carbons wil l  be inf luenced by
:heir stnrctural parameters aDd by the substrates on
rhich they are deposlted (4).

J l  scuss ion

Diamond-pollshed LTI carbons are known to ex-
-1bit  excel lent blood and t issue conpatible
?rcpert ies. Thls assessr¡ent 1s based on a variety
:f  procedures iDcludLng the in glg (canlne) vena
:¡va and renal enbolus tests, in vitro tests in-
;olving the effect on plasma p6tñF.nd enzymes,
:¡lci.un replacenent clotting tine, adherence of the
io¡med blood elenents, platelet act ivat ion and
eggregatlon and ceII growth (5). LTI carbons have
¡een evaluated in a variety of animals, aDd most
:rportantly perfo¡med well in humans. This is
signif icant because species-related hematologlcal
lifferences of experinental aninals have received
Less than adequate attention in the past and is the
subject of another paper by this author (6). LTI
s.rbons are deposited on snooth, rigid surfaces,
such as graphite (7). The poroslty of the carbon
:oatlngs which may extend up to a depth of ap-
:roxinately 25 mlcrons is elinlnated by dlanond-
:ol ishing, thus leavlng a smooth surface which is
essentlal ly lnperneable to gases and l iquids. LTI
:rrbons are turbostrat lc and the microcrystal l i tes
(10 to 3O A) fonn aggregates that contain large
jract lons of dlsorganized ca¡bon. Although the
¡ropert ies of the indlvidual crystal l i tes are
raisotroplc, when they are randomly oriented in the
rtgregates, the anisotropy is averaged and the
¡ggregate stnrctures dlsplay lsotropic proper-
: l e g  ( 7 ) .

D€sp1t€ the good blologlcal performance of LTI
rrbons, the relatively high tenperature requlred
Íor i lepoelt l .on represents l inl tat lo¡s for certaln
: io¡edlcal appl icat lone. Conseguently, vacuum
leposlt lon processes are belng studied rr l th a
.¡r lety of polymerlc and non-polyneric substrates
-qulrlng temperatures of less than IOOoC to yle1d
:erbo¡ coatLngs ln the thlckness range of 500 to
.350 A (2). The vacuum deposlted carbons exhlblt
. so t rop ic f ty ,  c rys ta l l in f ty ,  and dens i ty
L.8 gn/cm¿¡ slnl lar to LTI carbons (2). The

prel lúináry biological data underl iue the
importance of substrate effects. These becone es-
pecially lmportant when either inpenneable or
perneable coatings are attached to appropriate
naterlals to etüance thelr blood compatlbitlty and
are discussed in nore detai l  elsewhere by thls
author (4). Both dianond-potished LTI carbons
(depostted on grapbite subst¡ates) and carbons
deposited 1n a vacuum onto smooth stainless steel
substrates exhibit  low levels of^henolysls under
shear stresses below lO0 dyne/cnz with human blood,
although LTI carbons performed somewhat better (8).
Rotating disk experinents uslng blood of heparlnized
shr¡nt€d dogs show low level of platelet adheslon
with both dlanond-polished LTI carbons on graphlte
substrates and pollshed vacuum deposlted carbons on
glass, in conparison to the control polyurethanes
(9). Canlne ex vivo studles wlth a rotat ing shaft
device strow sllniFcantly less thrombotLc deposlt
for vacuum deposited carbons on s¡nooth stainless
steel shafts than for control si l icone n¡bber (10).
Although the data are prelininary, canine vena cava
tests (IO) conducted wlth vacuum deposited carbons
using stainless steel substrate r ings showed no
clots on two r lngs after two weeks of inplantat ion.

In the case of ion-beam deposited carbons (I I) ,
preliminary studies thus far involved carbons de-
posited on "as machLned" polypropylene and solut ion
cast segnented polyether-urethanes. The thlckness
of the lon-beam deposited carbons ls in the order
o f  500. [  w l th  a  dens l ty  o f  2 .36  g /cm2,  and d l f fe r
fron LTI carbons. Prel lminary blologlcal evalua-
t lons thus far lnvolved nainly the canine in vivo
vena cava (1o) and renal enbolus tests (12t TñE
fo¡rmer yielded mLxed results, whereas the latter
showed various degree's of renal infarctlons
despite the relat lve absence of clots on the r ings
themselves. The scatter of the avai lable data
probably ref lects, at least in part,  substrate ir-
regularitles whlcb apparently have a donlnant
effect on the thin carbon coatlngs. It remalns to
be seen how the stnrctural dlfferences between
ion-beam deposited cárbons and vacuum deposlted
carbons affect their respectlve overall blologlcal
propert les.

In any cas€, smooth substr:ates seen to be
needed wlth lon-bean depoelted and vacuum deposlted
carbon coatings. Although both types of carbons
adhere weLl to polymerlc substrates, their poten-
tlal blonedical applfcatlons should flnd greatest
usefulness wlth non-elastomeric substrates to avold
surface cracks.
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