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Properties

AbstrAct

Purpose: The main purpose of the paper was evaluation of antithrombogenic properties of the passive-carbon 
layer used for enhancing the surface properties of vascular stents made of Cr-Ni-Mo steel.
Design/methodology/approach: In vitro tests of biotolerance evaluation of the passive-carbon layer in blood 
environment have been carried out on the basis of haemolysis tests (in the direct contact and from the extract) 
and blood clotting tests.
Findings: The carried out investigations have shown that deposition process of the passive-carbon layer which 
has dielectric properties on the surface of implants made of Cr-Ni-Mo steel and used in interventional cardiology 
is an effective way in limiting the reactivity of their surface in blood environment and the blood clotting process 
in consequence.
Research limitations/implications: The carried out investigations should be completed with biotolerance in 
vivo investigations.
Originality/value: Modification of physical properties of surface of the metallic biomaterials applied in 
cardiovascular system by deposition of the passive-carbon layer of dielectric properties limits the blood clotting 
process.
Keywords: Electrical properties; Biomaterials; Surface treatment

1. Introduction 
Innovative progress in treatment methods of ischemic heart 

disease with the use of minimally-invasive techniques (inter-
ventional cardiology) leads to working out the new shape of 
implants–coronary stents. These implants, placed in the narrowed 
segment of coronary vessel, enlarge its active cross-section [1-14].  

One of the negative phenomena occurring after stent 
implantation to the vessel system is haemostasis (blood circulatory 
arrest). The process of interaction between blood and implantation 
materials is not still fully recognized. It is generally assumed that as 
a consequence of blood contact with an artificial implant’s surface 
the protein adsorption (mainly fibrinogen) is occurring. In case the 

adsorbed fibrinogen undergoes the process of denaturisation the 
stimulating activity of  the following platelets and plasma blood 
clotting factors take place in cascade way. It leads in consequence 
to the blood clot forming [1, 2, 5, 15-25].  

Data explaining the matters of initiation of clotting process 
basing on the banding model of solid state body have been 
published recently [26-28]. It has been stated on the basis of 
Gutmann investigations that fibrinogen has an electronic structure 
similar to that of a semiconducting materials.  Its energy gap is 
1,8 eV. The valence and conduction bands are 0,9 eV below and 
above the Fermi level, respectively [29]. So the transferring 
process of protein from its inactive form (fibrinogen) to active 
(fibrin) could be connected with electrochemical reaction 
occurring between protein and material surface being in contact 

1.		Introduction



Short paper198

Journal of Achievements in Materials and Manufacturing Engineering

Z. Paszenda, J. Tyrlik-Held, W. Jurkiewicz

Volume 17 Issue 1-2 July-August 2006

with blood. The electrons which are moved from the valence band 
of fibrinogen to implants material cause the decomposition of the 
protein. The consequence is the protein decomposition into 
fibrinmonomer and fibrinpeptides. Further the cross-linking 
process leads to forming the irreversible thrombus. 

Advisability of physical properties modification of the surface 
of implantation materials by their surface treatment is resulting 
from the analysis conducted above. Forming the layer of high 
corrosion resistance and semiconducting or dielectric properties 
of the surface of implants applied in cardiovascular system can 
effectively reduce the transferring of electrons from fibrinogen 
valence band. It can be an effective method for limiting the 
process of blood clotting as a consequence of the contact with the 
surface of implanted stent.

2. Methods 
In the work the evaluation of antithrombogenic properties of 

the passive-carbon layer formed in order to enhance the quality of 
surface of coronary stents made of the Cr-Ni-Mo steel has been 
performed. The deposition of that layer is a multi-stage process.  
It contains electropolishing, chemical passivation and forming of 
the carbon layer by RF PACVD method [1, 4-6]. The usefulness 
of that layer proposed for implants applied in interventional 
cardiology has been evaluated on the basis of investigations of 
electric properties and interaction with blood.  

2.1. Electrical properties investigations 

Carbon layer has been deposited on the surface of silicon 
plate of resistivity = 0,005÷ 0,02 cm in order to determine its 
electrical properties. On the basis of measurements conducted by 
elypsometric method it has been stated that its thickness was 
248 nm. Further the process of vaporization of aluminium 
contacts of diameter d = 1 mm on the silicon plate surface has 
been performed. The structure of condensers formed in that way 
made possible to determine the current-voltage and capacitance-
voltage characteristics – fig. 1.  

Fig. 1. Section of the tested MIS structure (metal – insulator – 
semiconductor)

Determination of current-voltage characteristic (I-U) defines 
the resistivity of the layer from the following relationship: 

XI
SU

constU  (1) 
where:

U – voltage, V, 
S – area of the aluminium contact, mm2,
I – current intensity, A, 
X – layer thickness, mm. 
The measurement of capacitance-voltage characteristics (C-U) 

has been realized by high frequency method. On that basis 
relative permittivity of the layer r has been determined according 
to the following relationship: 

S
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where:
Cmax – maximum condenser capacity, F, 
X –layer thickness, nm, 

 – permittivity of free space (8,85 · 10-12 F/m), 
S – area of the aluminium contact, mm2.

2.2. Investigations of interaction with blood  

For the implants exposed to the blood environment longer 
then 30 days the investigations of their interactions with blood in 
in vitro conditions are required according to the PN-ISO 10993 
standard [30]. In the work these investigations have been 
performed for the specimens of Cr-Ni-Mo steel with electro-
lytically polished and passivated surfaces, and electrolytically 
polished, passivated and coated with carbon layer ones. 

In particular the following tests were conducted [31]:  
haemolysis tests in the direct contact and from the extract, 
blood clotting tests. 
The specimens for the tests were prepared in shape of: 
cylinder with the diameter of d = 10 mm and height of  
h = 30 mm (required minimal mass of the specimen was 15 g) 
– haemolysis tests, 
cylinder with the diameter of d = 10 mm and height of h = 
25 mm (required minimal total area of the specimen was 
8 cm2) – blood clotting tests. 
The haemolysis tests in the direct contact consisted of 

determination of haemoglobin level in the plasma, showing the 
damage degree of the cell membrane of red blood cells in contact 
with the specimens investigated. The degree of lysis of the red 
blood cells and release of haemoglobin induced by contact with 
investigated material has been evaluated by the use of the 
Schimadzu spectrophotometer UV/VIS, type UV 2101 PC, at the 
540 nm wavelength. 

The haemolysis tests from the extract consisted of 
determination of haemoglobin level in the plasma, showing the 
damage degree of the cell membrane of red blood cells in contact 
with the extract from the investigated material. In order to prepare 
the extract the specimens were immersed in 0,9% NaCl solution 
at temperature 70±0,5oC during 24 h. The extract prepared in such 
way was placed in test-tube with citrated blood. Next the test-
tubes were incubated during 1h at temperature 37±0,5oC in
Heraeus dryer type B20. Further investigations were realized in 
the same way as in the case of haemolysis tests in the direct 
contact.

In blood clotting tests the citrated plasma was used.  
The plasma was statically influenced by the investigated material. 

passive-carbon 
layer 

silicon plate

aluminium 
contact
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After the specified time of contact with investigated surface the 
prothrombin time (PT) and of partial thromboplastin time (PTT) 
have been marked out. Time PT is the main test which allows 
detecting the abnormalities in clotting of exogenous system, and 
time PTT of endogenous system.  

3. Results

3.1. Results of electrical properties 
investigations 

In electrical properties investigations the current-voltage and 
capacitance-voltage characteristics were determined – fig. 2 and 
3.  In measurements of resistivity of the carbon layer it has been 
assumed that the current which is passing through condensers is 
passing through the cylinder. Its height is equal to thickness of 
dielectric layer and its base area is the area of contact formed on 
that layer. On the basis of the current-voltage characteristic and 
the relationship (1) it has been stated that resistivity of the carbon 
layer is in the range of  = 1÷5 x 108 cm. 
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Fig. 2. Current-voltage characteristic of the MIS condenser 
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Fig. 3.  Capacitance-voltage characteristic of the MIS condenser 

The relative permittivity r of carbon layer has been 
determined by the measurements of maximum capacity of 
condenser in accumulation state. Analysis of capacitance-voltage 
characteristics showed that capacity value was in the range of 

Cmax = 230÷313 pF. Therefore, taking into account relationship 
(2), the permittivity of layer has values in the range of r = 8, 
2÷11, 1. 

3.2. Results of interaction with blood 
investigations 

Haemolysis degree in the direct contact for the electrolytically 
polished and passivated specimens equals to 1,54% and for 
electrolytically polished, passivated and coated with the carbon 
layer equals to 1,23%. Both of this values didn’t exceed 3,0%, 
which is the value obtained in positive control test. In evaluation 
of haemolysis degree from the extract for the electrolytically 
polished and passivated specimens the result of 0, 53% has been 
obtained and for electrolytically polished, passivated and coated 
with carbon layer, the value was equal to 0,89%. In that case the 
results also didn’t exceed the value obtained in positive control 
test, which was 1,2%. 

The carried out investigations concerning the influence of 
deposited layer on exo- and endogenous mechanism of blood 
clotting showed that for electrolytically polished and passivated 
specimens the value of prothrombin time (PT) was 11,7 sec and for 
specimens electrolytically polished, passivated and coated with 
carbon layer the value was 12,1 sec. The obtained results differ only 
slightly from the control test value, which was equal to 11,5 sec. 

In tests concerning the influence on the intrinsic mechanism 
of blood clotting  it has been stated that the obtained value of 
partial thromboplastine time (PTT) for the electrolytically 
polished and passivated specimens was 29 sec, whereas for the 
specimens additionally coated with the carbon layer the value of 
31,5 sec was obtained. Measurements carried out for the control 
test revealed that the PTT time value was 28 sec. 

4. Conclusion 
Investigations of electrical properties were realized with the 

method often applied in testing of that kind of layers. The carried 
out measurements determined the resistivity (  = 1÷5 x 108

cm) and the permittivity r = 8,2÷11,1) of the carbon layer 
deposited on the substrate of silicon plate. These values are 
situated in the range typical for layers of DLC type [1]. 

The results of electrical properties investigations should be 
considered as preliminary ones. Application of silicon plate as a 
different substrate material without possibility of realization 
electrolytical polishing and passivation process on its surface 
influenced undoubtedly on the chemical composition of 
constituted layer as well on its properties. In spite of that the 
obtained results of tests should be regarded positively as limiting 
the blood clotting mechanism.  

The antithrombogenic properties of the passive-carbon layer 
were confirmed in in vitro tests. Biological investigations of 
materials remaining in contact with blood environment are 
specified in PN-EN ISO 10993 standard [29]. The obtained test 
results of the influence of the specimens’ surfaces with the 
deposited coatings on the extrinsic- and intrinsic pathway blood 
clotting mechanisms should be evaluated as very advantageous.  
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The worked out investigations have shown that the carbon 
coating of dielectric properties (  = 0,7x10-4 cm) deposited on 
the implants’ surface made of Cr-Ni-Mo steel applied in 
interventional cardiology is an effective way of limiting the 
reactivity of their surface in blood environment. It reduces 
positively the blood clotting process in consequence.   
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