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Introduction

The biocompatibility and blood compatibility
of materials may be enhanced by various surface
modifications, including the chemical attachment of
suitable macromolecules, biologically active agents,
aydrogels, or by the deposition of thin, essentially
impermeable surface coatings (1). Although LTI (low
temperature isotropic) carbons have been success-
fully used in biomedical applications for several
vears, their deposition parameters bestow limita-
tions. Guided by the biocompatible properties of
LTI carbons, vacuum processes are being applied for
the deposition of thin, carbon films onto a variety
>f substrates, including polymers (2). 1In addition,
investigations are being also conducted with ion-
seam deposited carbons (3). The ultimate biological
properties of these carbons will be influenced by
their structural parameters and by the substrates on
which they are deposited (4).

Jiscussion

Diamond-polished LTI carbons are known to ex-
zibit excellent blood and tissue compatible
properties, This assessment is based on a variety
:f procedures including the in vivo (canine) vena
cava and renal embolus tests, in vitro tests in-
7olving the effect on plasma p;steins and enzymes,
calcium replacement clotting time, adherence of the
lormed blood elements, platelet activation and
aggregation and cell growth (5). LTI carbons have
>een evaluated in a variety of animals, and most
-mportantly performed well in humans., This is
significant because species-related hematological
iifferences of experimental animals have received
iess than adequate attention in the past and is the
subject of another paper by this author (6). LTI
carbons are deposited on smooth, rigid surfaces,
such as graphite (7). The porosity of the carbon
coatings which may extend up to a depth of ap-
croximately 25 microns is eliminated by diamond-
polishing, thus leaving a smooth surface which is
essentially impermeable to gases and liquids. LTI
carbons are turbostratic and the microcrystallites
(10 to 30 A) form aggregates that contain large
Iractions of disorganized carbon. Although the
2roperties of the individual crystallites are
inisotropic, when they are randomly oriented in the
i1ggregates, the anisotropy is averaged and the
iggregate structures display isotropic proper-
ties (7).

Despite the good biological performance of LTI
arbons, the relatively high temperature required
for deposition represents limitations for certain
ciomedical applications. Consequently, vacuum
ieposition processes are being studied with a
-ariety of polymeric and non-polymeric substrates
sequiring temperatures of less than 100°C to yield
:arbop coatings in the thickness range of 500 to
-350 A (2). The vacuum deposited carbons exhibit
-sotropicity, crystallinity, and density
1.8 gm/cmz) similar to LTI carbons (2). The

preliminary biological data underline the
importance of substrate effects., These become es-
pecially important when either impermeable or
permeable coatings are attached to appropriate
materials to enhance their blood compatibility and
are discussed in more detail elsewhere by this
author (4). Both diamond-polished LTI carbons
(deposited on graphite substrates) and carbons
deposited in a vacuum onto smooth stainless steel
substrates exhibit low levels of hemolysis under
shear stresses below 100 dyne/cm2 with human blood,
although LTI carbons performed somewhat better (8).
Rotating disk experiments using blood of heparinized
shunted dogs show low level of platelet adhesion
with both diamond-polished LTI carbons on graphite
substrates and polished vacuum deposited carbons on
glass, in comparison to the control polyurethanes
(9). Canine ex vivo studies with a rotating shaft
device show significantly less thrombotic deposit
for vacuum deposited carbons on smooth stainless
steel shafts than for control silicone rubber (10).
Although the data are preliminary, canine vena cava
tests (10) conducted with vacuum deposited carbons
using stainless steel substrate rings showed no
clots on two rings after two weeks of implantation,

In the case of ion-beam deposited carbons (11),
preliminary studies thus far involved carbons de-
posited on "as machined" polypropylene and solution
cast segmented polyether-urethanes. The thickness
of the jon-beam deposited carbons is in the order
of 500 A with a density of 2.36 gm/cm?, and differ
from LTI carbons. Preliminary biological evalua-
tions thus far involved mainly the canine in vivo
vena cava (10) and renal embolus tests (12). The
former yielded mixed results, whereas the latter
showed various degrees of renal infarctions
despite the relative absence of clots on the rings
themselves. The scatter of the available data
probably reflects, at least in part, substrate ir-
regularities which apparently have a dominant
effect on the thin carbon coatings. It remains to
be seen how the structural differences between
ion-beam deposited carbons and vacuum deposited
carbons affect their respective overall biological
properties.

In any case, smooth substrates seem to be
needed with ion-beam deposited and vacuum deposited
carbon coatings, Although both types of carbons
adhere well to polymeric substrates, their poten-
tial biomedical applications should find greatest
usefulness with non-~elastomeric substrates to avoid
surface cracks,
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