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Abstract. The use of computer vision cotpled with scamning electran microscopy (SEAMD was used 1o monitor the platelet acdhesion
and activation onto blood-contucting wmaterials. The interaction of blood platelets with — polvethvleae (PE), poly(ethylene
terephtalate (PET) and poly(vinyvichloride) (PVC) afier contact of the polvmeric sucjoces with whole bload was stdied. The SEM
images (SEM Phillips XL 30) were captared using Hlimages+ V97 comprter vision systems. A libeary with o considerable number
of acceptance or rejection of sauples have beent conceived and implemented. The obtained results make the developed
computational vision system o promising tool for the evatuotion of blood computibility of biomaterials.
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1. Introduction

The decline in surgical risk during recent decades has encouraged the developiment of more complex procedures for
prasthetic implantation. The development of prosthetic devices were blood comes into contact with forcign surfaces
has been severely restricted dae to the platelet adhesion and activation at the prosthesis-blood interlace which lead to
thrombus formation (Ratner, 1993; Ishihara, 1993).

The extensive literature on the ficld of blood-compatible polymers includes the preparation and modification of
polymers to achieve hacmocompatibitity as well as the development ol methods to monitor blood-materials interactions
and investigations of the complex process of thrombogenesis in general (Bruck, 1974; Suzuki et al, 1983; Ratner et al,
1987; Imanishi, 1994).

Platelet adhesion from blood on a solid surface is a problem af interest in a variety of biological, medical and
technological processes (Flanker, et al., 1988; Williams, 1987, Driver ¢t al, 1999). 1t occurs on all types of solid
surfaces, cven on surfaces which have the same kind of charge as the blood cell. The activation of adhered platelet
serve as conditioning factor which determines the extent of subscguent thrombosis,

Several methods are currently available to counting adhered platelets onto polymeric surfaces (Gott, V.L. et al,
1971, Adams et al, 1980, 1983; Ratner et af, 1992; Becker et al, 1994, Tamada ¢t al, 1995).  FHowever, only by
scanning clectron microscopy s possible cvaluate alterations on the morphology of the adhered blood platelets caused

_ by the interactions with polymeric surfuces.

In the Ticld of biomatcrials, scanning clceiron microscopy (SEM)-is widely-used for-surface_roughness-topography.
analysis (Hoffman et al, 1983) or protein and cellulur adhesion studies in implants (Ip et al, 1985). Tu this technigue, a
sccondary clectron cinission caused by a focused clectron beam is measured and spatially imaged. Because platelets wre
much smaller than other cells, the morphological observation and analysis ol the adhered platclets by scanning clectron
microscopy (SEM)  has a potential to give rise to crror on the part of individual obscrvers.  Computational vision
applicd to the biological imaging technigues are assuming an increasingly important role in providing information on
structure and physiological function at the cellilar, tissue, organ and organism level (Cootes et al, 1994; Ballard et al,
1982).

The purpose of this wark was 1o develop a methodology of the blood conpatibility analysts ol cardiovascular
prosthesis using computational vision  for the morphological study ol the adbered platelets. The following polymers
were tested for the study of platelet adhesion and activation:  poly(tetratluorocthytene) (I"TFL), poly(ethylene) (PLE),
and poly(vinylchloride) (PVC). These polymers have dominated the developments in total joint replacement surgery,
vascular prostheses and blood bags, respectively.
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2. Experimental

The platclet adhesion assay on the polymeric surfaces was evaluated by the open-static method with whole human
blood (de Queiroz et al, 1997). The tests were performed by depositing 2x10™ m? of fresh blood onto cach of the five
test surfaces. Afler contact times of 180 s, the surfaces were washed with saline under carcfully controlled conditions to
remove all blood components 1that did notl adhere. After fixation with glutaraldeyde and sputter-coated with gold, the
morphological changes of adhered platelets were perforiied using scanning clectron microscopy (SEM). A SEM
Phitlips XL 30 was used to plalelet image acquisition data. The morphology of the adhered platelets was obtained Troim
five photographs of different surface arcas (107 m?) of the same sample. The SEM images were captured using
HLimages++97 computer vision systemas (HLIMAGE, 1997). The library with a considerable number of features
extraction algorithms, used for patern classification and image analysis as well as acceptance or rejection of samples
was conceived and implemented. Since the image characteristics Hike as spatiad resolution may be dependent of the
gray-level, in this work it was used 256 gray levels to make the processing cllicient.

3.  Results and Discussion

Figure | shows the clectron micrographs of adhercnt blood platelets on the PTFE (1-A), PE (1-B) and PVC (1-C)
surfaces, respectively. s frequently noted in biomedical literature that glass represents a strongly thrombogenic
surface and a clot-inducing surface (Park ¢t al, 1988). In this work, glass coverslip was used as reference for adhesion
and maximum platclet activation surtace (Fig. 1-D).
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Figure 1. Scanning  clectron  microscopic views ol blond  platclets  adhered o the PTFE (A), PE (B),
PVC (C) and Glass (D), respectively. Origimal magnifications of Figures x 1000, The bar indicate
5 pm.

The  morphology of adherent platelets miay be classilicd in according o the membrane cell activation and
deformation. b this sease, adlicred plitelets without activation and aggregation with round morphology simifar o
that of native form may be classified as type | (Fig. 1-A). The blood platelets with a small degree of pscudopod
extension was classified as type 1 (Fig. 1-B). Platelets with hurger activation and spreading due to membrang ruplure
was classilied as type 1.



Procecdings of COBEM 2001, Bioengineering, Vab.t, 143

Its may be considered that Fig. 1AD represents the extremes ol the platelet morphology alicration.  Thus, the
platelet SEM images (Fig. 1-A,D) were captured from the scanning clectron microscopy (SEM), using HLimages++97
computer vision systems and scgmented. The image segmentation is a process of segmienting an image into a group of
homogencous regions according 1o whose characteristics such as colar and texture. The segmentation vesults of the
platelet type 1 and HTare shown in Fig. 1-C and 2-B,C.

(A) (B)

©

Figure 2. SEM micrograph of the platelet type I (A), segimented image (13) and binary image (C).

The digital image is preprocessed using technique that transform the image intensitics in a spatial array of gray
levels to remove large local discontinuitics. Thus, a gray-level histogram of the image may be oblained. A gray-level
histogram of an image is a function that gives the frequency of occurrence of cach gray level in the image. The gray
levels are quantificd from 0 to n, the value of the histogram at a particular gray level p, denoted h(p), is the number or
fraction af pixels in the image with that gray level. BEach histagram ol the bnages may be transformed in a binary
image where one representative point of the reference image is contained ina window ol n x n pixcls.

Figure 4-A.B shows the histograms for the segmented Figures 2-3. Such histograms suggest that a high quality
digitized platelet images are being localized at ranging of 100-150 of gray fevel.

As a first approximation, another features may be  used in the image processing, such as the image compaction
degree  (perimeter*/total arca) or the rate between the total arca and nucleus arca for platelets type 11 These are
commonly measurements  that through computational vision systems may be used for the morphology diffcrentiation
oF blood platelets adhered on the biamaterials surface.
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Figure 3. SEM micrograph of the blood platelet type HI(A), scgmented images (13,C) and binary image (D).
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Figure 4. Intensity hisiogram ol both segmented Figures 2 (A) and 3 (B), respectively.
4. Conclusions

There are many methods that we can bring to bear for the blood compatibility studies of cardiovascular prosthesis.
Standard method include scanning clectron microscopy or other conventional optical microscopes. However, an
integration between biomaterials scientists and computation cngineers is desirable to greatly enhance the information
content avaitable from the traditional methods. In fact, the computatianal vision supply valuable information's about
the membrane activation stages of the adhered platelets on cardiovascular devices. In this work, computational vision
using image segmentation, color and lexture interpretation and others features-extraction of binary image were used for
recognition and evaluation of the activated and nonactivated adhered platelets onto polymeric surfaces. In conclusion, it
may be summarized that the computational vision is an effective technique for counting the adhered platelet as well as
classify the activation stage of the membrane cells on to a synthetic surface. Consideration of other image paramclers
that may be used to define the platelets image such as image compaction degree (perimeter?/total arca) or the rate
between the total arca and nucteus will be used in the differentiation of the platefet activation processes.  However, an
extensive statistical treatment from the digitized images have been made to classify exactly the platelet activation
stages. Mcasurements such as confidence limits and possibly regression caleulations have been made. Without such
indications, the abtained data may be meaningfess.
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