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Abstract. The use t? I. computer vision coupled with scanning electron microscopy (SEA!) was used to monitor the platelet adhesion 

and activation onto blood-contacting materials. The interaction of blood platelets with polyethylene (PE), poly(ethylene 

tereplualate (PET) and poly(vinylchloride) (PVC) after contact of the polymeric sinJaces with whole blood ItY/S studied. The SEA] 

images (SEAI Phillips XI. 30) Wen' captured using !Munn:es-4- 1.97 computer vision systems. A library with a considerable number 

of acceptance or rejection of samples have been conceived and implemented. The obtained results /mike Mc developed 

computational vision SySielli a promising tool .fin. the evaluation blood compatibility of biomaterials. 

Keynwrds: emnputer 	bionnnerieds, blood phitelets, scanning electron microscopy, prosthetic devices. 

1. 	Introduction 

The decline in surgical risk during recent decades has encouraged the development of more complex procedures for 

prosthetic implantation. The development ()I' prosthetic devices were blood comes into contact with foreign surfaces 

has been severely restricted due to the platelet adhesion and activation at the prosthesis-blood interface which lead to 

thrombus formation (Ratner, 1993; Ishiharti, 1993). 

The extensive literature on the field of blood-compatible polymers includes the preparation and modification of 

polymers to achieve haemocompatibility as well as the development of 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 of interest in a variety of biological, medical and 

technological processes (Flanker, et al., 1988; Williams, 1987, Driver et al, 1999). It occurs on all types of solid 

surfaces, eVell on surfaces which have the same kind of charge tis the blood cell. The activation of adhered platelet 

serve as conditioning factor which determines the extent of subsequent thrombosis. 

Several methods are currently available to counting adhered platelets onto polymeric surfaces (Gott, V.L. et al, 

1971; Adams et al, 1980, 1983; Italner et al, 1992; Becker et al, 1994, Tamada et al, 1995). However, only by 

scanning electron microscopy is possible evaluate alterations on the morphology of the adhered blood platelets caused 

.byThe interactions with polymeric surfaces. 

In 	field of biomateriills—,s'Ctifinhig-ClartroT) inicros-copy-(SEM)-is- widely used for-surlitce_roughnesstopography_ 

analysis (1Ioffman et al, 1983) or protein and cellular adhesion studies in implants (lp et al, 1985). In this technique, a 

secondary electron emission caused by it focused electron beam is measured and spatially imaged. Because platelets are 

much smaller than other cells, the morphological observation and analysis of the adhered platelets by scanning electron 

microscopy (SEM) has a potential to give rise to error on the part of individual observers. Computational vision 

applied to the biological imaging techniques are assuming an increasingly important role in providing information on 

structure ancl physiological function at the cellular, tissue, organ and organism level (Cowes et 111,1994; 13allard et al, 

1982). 

The purpose of this work was to develop a methodology of the blood compatibility analysis of cardiovascular 

prosthesis using computational vision for the morphological study of the adhered platelets. 'Ile following polymers 

were tested for the study of platelet adhesion and activation: poly(tetralluoroelhylene) (PTFE), poly(ethylene) (PE), 

and poly(vinylchloride) (PVC). These polymers have dominaied the developments in total joint replacement surgery, 

vascular prostheses and blood bags, respectively. 
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2. Experinienlal 

The platelet adhesion assay on the polyine'ric surfaces was evaluated by the open-static method with whole human 
blood (de Queiroz et al, 1997). The tests were performed by depositing 2x IV' in3 of fresh blood onto each of the five 
test surfaces. After contact times of 180 s, the surfaces were washed with saline under carefully controlled conditions to 
remove all blood components that did mil adhere. After fixation with glutarakleyde and sputter-coated with gold, the 
morphological changes of adhered platelets were per1Ornied using scanning electron microscopy (SEM). A SEM 
Phillips XL 30 was used to platelet image acquisition data. The morphology of the adhered platelets wits obtained from 
five photographs of different surface areas (10-' ni2) of the same sample. The SEM images were captured using 
1-1Limages++97 computer vision systems (11LINIAGE, 1997). The library with a considerable number of features 
extraction algorithms, used for pattern classification and image analysis as well its acceptance or rejection of samples 
was conceived and implemented. Since the image characteristics like as spatial resolution may be dependent of the 
gray-level, in this work it was used 256 gray levels to make the processing efficient. 

3. RCSIlliS 	DiSCLISSi011 

Figure I shows the electron micrographs of adherent blood platelets on the P'FFE (I-A), PE (I-B) and PVC (I-C) 
surfaces, respectively. It is frequently noted in biomedical literature that glass represents a strongly thrombogenic 
surface and a clot-inducing surface (Park et al, 1988). In this work, glass coverslip was used as reference Ibr adhesion 
and maximum platelet activation surface (Fig. I -D). 

(B) 

(C) 

Figure I. Scanning el ec tron microscopic views of blood 	platelets adhered to the PTFE (A), l'E (B), 
PVC (C) and Glass (D), respectively. Original magnifications of Figures x 1000. The bar indicate 
5 tun. 

The morphology of adherent platelets may be classified in according to the membrane cell activation and 
deformation. In this sense, adhered platelets without activation and aggregation with round morphology similar to 
that of native form may be classified as type 1 (Fig. 1-A). The blood platelets with a small degree of pseudopod 
extension was classified as type II (Fig. 1-11). Platelets with larger activation and spreading due to membrane rupture 
was classified as type 
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Its may be considered that Fig. I A,D represents the extremes of the platelet morphology alteration. Thus, the 

platelet SEM images (Fig. 1-A,D) were captured from the scanning electron microscopy (SEM), using FILimages++97 

computer vision systems and segmented. 'Ile image segmentation is a process of segmenting an image into a group or 
homogeneous regions according to whose characteristics such as color and texture. The segmentation results of the 

platelet type 1 and 111 are shown in Fig. I-C: and 2-13,C. 

(A) 

(C) 

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

The digital image is preprocessed using technique that transIbrin the image intensities in a spatial array of gray 

levels to remove large local discontinuities. Thus, a gray-level histogram of the image may be obtained. A gray-level 

histogram of an image is a function that gives the frequency of occurrence of each gray level in the image. The gray 

levels are quantified from 0 to n, the value of the histogram at a particular gray level p, denoted 11(p), is the number or 

fraction of pixels in the image with that gray level. Each histogram of the images may be transformed in a binary 

image where one representative point of the reference image is contained in a window of x ii pixels. 

Figure 4-A,I3 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 level. 

As a first approximation, another features may be used in the image processing, such as the image compaction 

degree (perimeter2/total area) or the rate between the total ilfC11 and IllICICUS area for platelets type 111. These are 

commonly measurements that through computational vision systems May be lISC(1 1.01' the morphology differentiation 

of blood platelets adhered on the biomaterials surface. 
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(A) 
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Figure 3. SEM micrograph attic blood platelet type III (A), segmented images (B,C) and binary image (D). 
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Figure 4. Intensity histogram of both segmented Figures 2 (A) and 3 (II), 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 electron microscopy or other conventional optical microscopes. However, an 

integration between biomatcrials scientists and computation engineers is desirable to greatly enhance the information 

content available from the traditional methods. In fact, the computational vision supply valuable information's about 

the membrane activation stages ()I' the adhered platelets on cardiovascular devices. In this work, computational vision 

using image segmentation, color and texture 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 li)r counting the adhered platelet as well as 

classify the activation stage of the membrane cells on to a synthetic surface. Consideration of other image parameters 

that may be used to define the platelets image such as image compaction degree (perimeter2/total area) or the rate 

between the total area and nucleus will be used in the differentiation of the platelet activation processes. However, an 

extensive statistical treatment from the digitized images have been made to classify exactly the platelet activation 

stages. Measurements such as confidence limits and possibly regression calculations have been made. Without such 

indications, the obtained data may be meaningless. 



Proceedings of COBEM 2001, Bioengineering, Vol.', 146 

4, References 

Adams, G.A. and Feuerstein, I.A., 1980, 	"Visual fluorescent and radioisotopic evaluation of platelet 

accumulation 	and embolization", 	Transactions on American Society of Artificial and Internal 

Organs, Vol. 26, pp. 17-23. 

Adams, G.A.; Brown, S.J.; McIntire, 1..V.; Eskin, S.G. and Martin, 13.R., 1983, "Kinetics of platelet adhesion 

and thrombus growth", Blood, Vol. 62, No I, pp. 69-74. 

Baier, 	1972, "The role of surface enc.' rgy in thrombogenesis", Bulletin of New York Academic 

Medicine, Vol. 48, No 2, pp. 257-272. 

Ballard, 1).1-1. and Brown, CM., 1982, "Computer vision", New Jersey, Prentice-I lall, pp. 56-58. 

Becker, IZ.C.; Bovill, E.G.; Corrao, J.M.; 13all, S.P.; Atilt, K.; Mann, K. and Tracy, R.P., 1994, "Platelet 

activation determined by llow cytometry persists despite antithrombotic therapy in patients with unstable 

angina and non-Q-wavc myocardial infarction", Journal of Thrombosis and Thrombolysis, vol. I, pp. 95- 

1()O. 

Bruck, 	1974, "13Iood compatible synthetic polymers", Charles C.. Thomas Publisher, Springfield, 

Illinois, pp. 73-123. 

Cootes, T.F.; Hill, A.; Taylor, C.J. and flaslam, J., 1994, " The use of active shape models for locating 

structures in medical images", Image and Vision Computing, Vol. 12, No 6, pp. 355-366. 

De Queiroz, A.A.A.; Barrak, E.R.; Gil, I I.A.C. and Higa, ().Z., 1997, "Surface studies of albumin 

immobilized onto PE and PVC films", Journal of Biontaterials Science: Polymer Edition, Vol. 8, No 9, pp. 

667-681. 

Driver, M. and Lewis A., 1999, "Preventing foul play", Chemistry in Britain, Vol 35, No 11,1)1).42-44. 

Gott, VA- and Furuse, A., 1971, 	"Antithrombogenic surliices, classification and in vivo evaluation", 

Federation Proceedings, Vol. 30, No 5, 1679-1685. 

Flanker, J.S. and Giammara, B.L., 1988, "13iontaterials and biomedical devices", Science, Vol. 242, pp. 885- 

892. 

1-11image++, 1997, "Machine vision and image processing software li)r the PC", Salt Lake City, Western 

Vision Softwares. 

A.S.; Cohn, D.; I lanson, S.r.; I larker, L.A.; llorbett, 'LA.; Ranier, 11.1) and Reynolds, 1..()., 1983, 

"Application of radiation-gralled hydrogels as blood-contacting bioinaterials", Radiation Physics and 

Chemistry, Vol. 22, No 1/2, pp. 267-283. 

Imanishi, Y., 1994, "Polymeric biontaterials", Materials Science and Engineering, CI, pp. 143-147. 

lp, W.F.; Zingg, W. and Sellon, M.V., 1985, "Parallel flow arteriovenous shunt Ibr the ex vivo evaluation of 

heparinized materials", Journal of Biomedical Materials Research, Vol. 19, pp. 161-178. 

Ishihara, K., 1993, "Blood compatible polymers" in: Tsui-111a, T., I layashi, T., Kataoka, K., Ishihara, K. and 

Kimura, Y. (Eds.), 1993, "Biomedical applications of polymeric materials", CRC Press, Boca Raton, 

Florida, pp. 89-116. 

Park, K.; Gerndt, S.J. and Park, II., 1988, "Patchwise adsorption of fibrinogen on glass surfaces and its 

implication in platelet adhesion", Journal of colloid and Interface Science, Vol. 125, No 2, pp. 702-711. 

Ratner, B.I). , 1993, "The blood compatibility catastrophe", Journal of13iontedical Materials 12escarch, Vol. 

27, pp. 283-287. 

Ratner, 13.D.; Chilkoti, A.; Cashier, D.G., 1992, 	"C'ontemporary methods Iltr characterizing complex 

biontaterial surfaces", Vol. 11, pp. 25-36. 

Ratner, BD.; Yoon, S.C'.; Mateo, N.B., 1987, "Surface studies by ES('A of polymers for biomedical 

applications", in: Feast, \V.J. and Munro, I I.S. (eds.), 1987, "Polymers surfaces and interfaces", Great 

Britain, John Wiley t.Vz Sons, pp. 231-251. 

Suzuki, M.; Tamada, Y.; twain, 	and Ikada, Y., 1983, "Polymer surface modification to attain blood 

compatibility of hydrophobic polymer", in: Mittal, K.L. (ed.), 1983, "Physicochemical aspects of polymer 

surfaces", New York, Plenum Publishing, Vol.2, pp. 923-941. 

Tamada, Y.; Ktilik, E.A. and lkada, Y., 1995, "Simple method kw platelet counting", 13iontatcrials, Vol. 16, 

pp. 259-261. 



16th Brazilian Congress o'f Mechanical Engineering 

Engineering for the New Millennium 

ABSTRACTS 

November 26-30, 2001 
Federal University of UberlAndia 

Uberlândia-MG, Brazil 

ISBN 85-85769-06-8 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

