1.2.5.07

Hybrid structure to improve the biocompatibility for cardiovascular implants
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Abstract: Thrombogenesis

at artificial surfaces

can be described by electron transfer reactions at the
phase boundary. By amorphous silicon carbide

(a-SiC:tI) with its defined physical properties, electronic exchange currents are minimized thus reducing protein degeneration and blood clotting. The
deposition of a-SiC:H on metallic stent surfaces forms
a hybrid designed device, which promises reduced
complication rates.

INTRODUCTION

The application of cardiovascular implants

a consequence the improvement of the hemocompatibility requires a reduction of the electron transfer
current from the protein to the artificial surface.

In order to describe the electron exchange, the energy
diagram at the phase boundary between a protein and the
solid has to be applied (fig. 1). According to this model,
the charge transfer can be characterized by a tunneling
process; electrons tunnel from occupied valence band
states of fibrinogen with its semiconducting properties to
unoccupied states in the solid. By this exchange proteins
and especially fibrinogen decompose.

has

in the field of modern
medicine. Beside the implantation of artificial heart

do

valves, recent developments in interventional cardiology

Ef'

led to the introduction of cardiovascular stents as a
mechanical support of the stenosed vessel after balloon

EX'

gained an increasing importance

dilatation. By this minimal-invasive technique, the
therapy of coronary artery disease was largely improved
as indicated by a variety of clinical trials with various
devices.

However, despite progresses in design and functionality of cardiovascular implants, considerable complication rates a-re still limiting the therapeutical success
and patient welfare. In case of stents adverse interactions
between the metallic implant and the biologic system
often lead to severe complications thus causing

thrombosis and adverse tissue reactions. This is mainly
attributed to toxic corrosion products released by the
applied metals in physiologic media as well as degeneration and activation of blood proteins. As a consequence a dissatisfying rate of reocclusions occur after
stent implantation which is limiting the therapeutical
outcome. In this paper a different approach is proposed
by a hybrid design of cardiovascular implants.

Figure 1: Energy diagram at the phase boundary of
fibrinogen and a semiconducting solid. E" is the Fermi
level, Eu and E" the valence- and conduction band
energy levels, respectively.

Therefore

an improvement of

hemocompatibility

requires a reduction of the electronic transfer cuffent.
This allows to define the physical properties of thrombo-

resistant materials. In order to inhibit the charge
exchange, the density of states in the solid has to be
minimized which can only be reahzed by semiconducting materials with a suffient band gap and a negligible density of states in the bandgap, respectively.
Additionally in order to stabilize the electrochemical
equilibrium at the interface, the electrical conductivity
must be sufficient.

MATERIALS AND METTIODS
The hemocompatiblity of an implant is determined
by its surface properties. According to fundamental
investigations, blood clotting is induced by electrochemical reactions between blood proteins and solids.
This idea was confirmed by experiments which showed
that an electronic ftansfer from a protein solution to the
solid causes confonnational changes of the protein
structure and its degeneration. In the case of fibrinogen,
the electronic transfer stimulates the release of fibrinopeptides and the subsequent polymerization of fibrin. As

As a result hemocompatible materials must be semiconductors. However, concerning the functionality of
cardiovascular implants e.g the irreversible deformation
of stents during dilatiation as well as its manufacturing,

semiconducting materials a-re generally unsuitable
because of their brittleness. As a solution biomechanical
aspects on the one side and hemocompatibility on the
other side can only be met by coating standard materials

with a semiconducting film. By this hybrid implant
design, the substrate material is selected to meet the
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functional requirements whereas the surface coating
assures the hemocompatibility of the device. A material
which meets all the electronic requirements mentioned
above, is amorphous silicon carbide (a-SiC:H), which is
presently evaluated as a coating for cardiovascular
stents.

RESULTS
Amorphous silicon carbide is deposited on tantalum
stents using the plasma enhanced chemical vapour
deposition technique. This procedure forms a very
homogeneous, defect free coating, which completely
covers the stent therefore preventing protein activation
by the metallic tantalum body. By this hybrid design
tantalum guarantees suitable mechanical properties of
the stent as well as a superior radioopacity, whereas the
amorphous silicon carbide is designed to improve the
hemocompatibility as well as the biocompatibility. Frg.2

Currently the hybrid designed coronary stent with its
amorphous silicon carbide coating is under clinical
evaluation. The first results of a clinical visibility study
after implantion of 80 stents indicated very promising
results [1]. Due to the radioopacity of the tantalum body,
an excellent angiographic visibility arises allowing a
precise positioning of the stent at the lesion site in the
artery. Furthermore after implantation of 80 stents no
acute and only one subacute stent thrombosis was found
(figure 3), which is far below those results obtained after
implantation of uncoated, metallic stents [2].
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Figure 3: Results of a clinical visibility study atter
implantation of 80 hybrid stents with an amorphous
silicon carbide coating compared to the results of
Palmaz-S chatz stents [2].

CONCLUSIONS
Figure 2: Hybrid designed coronary stent with a tantalum
body and an amorphous silicon carbide coating.
Beside its defined electronic properties which theoretically prevent blood clotting, amorphous silicon carbide is characterizedby an excellent biocompatibility. In
vitro investigations of cytotoxicity, hemolysis, mutagenicity of the coating as well as the growth behaviour
of human endothelial cells proved, that no inflammatory
responses or any toxic reactions are provoked. This was
confirmed by chemical trace analysis of a-SiC:H coated
stents after a perfusion period
saline at37"C.

of 3 month in physiologic

In order to minimize complications, a hybrid
designed corona-ry stent was developed. By this design
the properties of the stent body and its surface could be
engineered independently of each other. Therefore the
stent comprises suitable mechanical properties with a
high inherent angiographic visibility. By tbe highly biocompatible and hemocompatible a-SiC:H coating of the

stent, preliminary clinical results indicate reduced
complication rates compared to metallic stents.
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