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（Fig．1）．Theapexangle（2B）ofconvexconeisl15degrele・   
Unifbrm shear rate（G（1／s））is applied between the  
COnCaVeandconvexcones．  

G＝Nr几＝（Nysin（B））／（yP）＝（Nsin（B））rP （1）   

whereNisangularvelocity（rad／s）oftheconcavecone，Pis  
angle（rad）betweentheconcaveandconvex 

． 

betweentheapexandtheshearlngPOlnt・Theshearrateis  
constantregardless ofthe distance（r）斤omrotating axes・  
Shear rateis contro11ed betweenlOO andlOOOl／sin  
PrOpOrtiontotherotatlngSPeedofconcavecone・   
Variationwasmadeinmaterialoftheconcaveandconvex  
cones；POlymethyトmethacrylate，POlyvlnyl chloride，  
polyvlnylchloride coated with segmented polyurethane・  
Combinationwasselectedsothatbothmaterialsofconcave  
and convex cones arethe same．The cones coatedwith  
segmentedpolyurethanewerefbrthesingleuse，becausethe  
surfaceconditionmightchangea命erexposuretoblood・  

Abstract－The efrbct of segmented polytlrethaTLe COating on  
thrombus fbrmation was quantitatively studiedllnder shear  

neldi］1VLtro．TheCouette－tyPeOfshearrateWaSaPpliedtothe  
Canime blood between 仙e concaYe and tIte co爪YeX eOneS．  

Variation was made about materials of cones：  
Polymethyl－metllaCrylate，pOlyvlnylcl1loride，8nd polyYinyl  
Chloride coated with segmented polyllrethane．The study  
Sbows tllat the clo相ng time extends on tlle ＄egmented  
polyllrethaneespeciallyatthehighershearrates，althoughthe  
ClotratioisinthesameleYelasthatofwitho11tCOating．This  
Clotting time extension shot）ld regulate thrombus formation  
underpnlsatileshear†Iow．   

Kqv Fybrds－Bio－nuid mechanics，pulsatile shear now，blood，  
thrombll＄，Clottingtime，pOtyllrethanecoating  

I．INTRODUCTION   

The clotplaysanimportant role to repalrruPtured blood  
vesselwalls．It consists ofplatelets and coagulants．It  
interruPtS，Ontheotherhand，bloodnow，Whenitplugsthe  
blood now path・Especially，in artincialvessels，Clot  
fbrmation has to be delicately regulated between keeping  
stableconnectiontonaturalvesselsandinhibitingformation  
of plugs. Many factors control the dynamic balance 
between the fbrmation and removalof clots．Previous  
StudiesshowthatsegmentedpolyurethaneCOatlngdecreases  
Clotfbrmationto soe eXtent［1］・Themechanismto  
preventclotfbrmationlSunderdiscussion，becausethee舵ct  
changes with flow condition. 
GeneralclottestsinvitrDareOnClottingtimeinatesttube  
［2］．Clotformationin now condition should be tested  
underquantitativelycontrolledshearneld【3］・  

Inthepresentstudy，boththeclottingtimeandthecIotting  
ratio have simultaneously been measured with concave  
COnVeXCouettenowsysteminvitTV・  

ⅠⅠ．METHODOLOGY  

TheCouettetypeofshearratewasappliedtotheblood  
between the concave and convex cones．The parts of  
concaveandconvexconesaredemountable，andtheaxisof  
rotationisquicklyadjustedwithtaperedcorLneCtlngCylinder  

l  

lN  

Fig．l．Concaveandconvexcones・   

0＿7803－7211－5／01＄10．00⑥2001IEEE  

Ikeda
長方形



Proceedings－23rdAnnualConference－IEEE偲MBSOct．25－28，2001，Istanbul，TURKEY   

One milliliter blood was drained without anticoagulants 
丘omthejugularvein ofthe mongreldogweighed15kg．  
lmmediatelyafter drainage，the blood sample was sheared  
between the concave and convex cones at25degrees C，  
While the viscous torque between two cones was  
？Ontinuously measured（Fig・2）lThe viscou戸tOrque  

lnCreaSeS With clot fbrmation． ARer severalmlnuteS Of  

Stable torque traclngS，rOtation of the concave cone was  
StOPpedandclotsweremacroscoplCallyobserved．  

ⅠⅠⅠ，RESUIJS  

Fig．2exemplines torque traclngS．The viscous torque  
increases with clot fbrmationfrom T to T’．The clottlng  
time（t）was measured at torque tracings，andis shownin  
relationto shearratesinFigs4，6，8．Thesenguresshow  
thattheclottlngtimedecreaseswiththe shearratebothon  
POlymethyl－methacrylate and on polyvlnylchloride．The  
tendencylS remarkable on polyvlnylchloride：from six to  
twominutes（Fig．6）．   
Theclotratio（R）wascalculatedfromTandT一（2）．  
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Fig．3 Clotratiovs．shearrateon  
polymethylmethacrylate  

Onpolyvlnylchloridecoatedwithsegmentedpolyurethane，  
ontheotherhand，theclottlngtimekeepsthesamelevelof  
sixminutesevenathighershearrates（Fig．8），althoughthe  
clotratiodecreaseswiththeshearrate（Fig．7）・  

IV．DrscussION  

Segmented polyurethane，Whichis usedin the present  
study，hasbeenappliedto coattheinnersurfaceinbLood  
pumpsin artincialhearts・Its efftct to prevent clot  
fbrmationhasbeenreportedinprevious studies［1］・The  
morphologyofclotfbrmedonthesurface，however，depends  
onbloodflowconditions．   

Themostoftestmethods fbr anti－COagulate propertyof  

（2）  R＝1－T／T■   

Theclotratioiszero，Whenthetorquedoesnotincrease（Tl＝  
T）・ItbecomesO・5，Whenthetor9ueincreasestodoubled  

Value（Tl＝2T）．Itapproachesunlty，thegreaterthetorque  
becomes（T’＞＞T）．   

Figs．3，5，7showtheclotratioasafunctionoftheshear  
rate．The clot ratio decreaseswith the shear rate，andit  
becomessmallerthanO－5attheshearrateshigherthan400  
1／s（Figs・3，5）．  
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onplymethylmethacrylate  

Fig．2 Torquetracings  
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Fig．7Clotratiov8．Shearrateon  
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Fig．6Clotratiovs．shearrateon  
pdyvhyl¢uOride  

materialsmeasurethcc？agulationtime［2］・lthasbeeTI  

COnSideredthattheextenslOnOfclo仕ingtimerelate＄directly  
toanti・COagulation prope吋 Thc present study，On the  
Otherhand，Showsthatclotratiodoesnotrelatetoclotting  
timeinthe shear丘eld．Atthelowershearrates，theclot  
ratioincreases，Whiletheclottingtimeextends．   
Theclottlngtimeextendsonsegmcntedpolyurethanc．Its  
extensionisremarkableathighershearrates．Theclotratio  
OnPObvinylchloridecoatedwithsegmentedpolymethane，  
Ontheotherhand，isinthesamelevclasthatonpolyvinyl  
Chloddewithoutcoadng．   
Segmented polyurethane coathg should be e蝕ctive to  
PreVentClotfbrmationespeciallyinpulsatilc幻ow［3］，When  
the blood is washed out periodically before formation of 
Clotsintheextendedclo仕ingtimc．hthesteadynow，On  
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the otherhand，Segmented polymethane coating maynot  
haveenoughe飽cttopreventclotformationatthelower  
shearratcs．Thematerial，Whichextendstheclottingtlme，  
hastheconsiderablee飴cttopreventthrombusfbrmationin  
thepulsatilepumpsorinthearterialprostheses，butnotin  
thevenousprostheses．  

V二CoNCLUSION  

Theclottingtimewasevaluatedseparately危omtheclot  
ratioundershear鮎IdsinviETV．Thestudyshowsthatthe  
clottingtimeextendsonthesegmentedpolymethanecoatlng  
especiallyatthehighershearrates，althoughtheclotratiois  
inthesamelevelasthatofwithoutcoatlng．Thisclottlng  
time extcnsion regulates thrombus fbrmation under the   
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pulsatileshearnow．  
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