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Background®: Mechani sns of enbolic material release

El evated wall shear stresses encountered in advanced occlusive |esions of internal ce
play an inportant role in the nmechanism of atherosclerotic plagques rupture and t
conbination with conpl ex biological phenonena. In spite of an abundant literature a
arterial steamodeshe inportance of the underlying probl eemudl ipdiliion healtthe ++aj or cause
of strokes which are thensel ves one of the nost inportant cause of death and disabilii
few authors dealt with the evaluation of MASSt enosesiree@maarqt itthe uni que structure of
cerebral macrocirculation, including an arterial network (loop), called the circle of
afferent vessels - the intéfad) aadotting (pasilar (BA) arteries - and the efferent o

cerebral arteries -, was never taken into account in the assessnent of this MASS, th
the flow rate through a carotid stenosis is highly dependent not only on its radius re
of the collateral circulatory pathways of the circle of Wllis [1]. In the present wo

this factor on the MABS in carotid stenoses.

Met hods::

We conputed the flow rate through a carotid stenosis as a funcpsohatérattenbesgrsees of
and of the one on the opposite or contralateral side as well A€oAf &ahe poshetieos of a
comuni cat i rRCAA) arteries . W used a non-linear one-dinensional unsteady nmathenmatica
flow through the circle of WIlis [1, 2], considered as a network of twenty elastic
on Fig. 1.. The effects of the carotid stenoses mwéelputby nteanfheohnet mer kem - enpiri cal
formul ae of Young and Tsai [3]treaebatnogi thpressure drop to the flow rate.
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Fig. 1.: Diagram of the circle of Willis and its afferentFig. 2. : Geometry and nondimensional parameters of
and efferent arteries. stenosis

We cal culated MABS as a function of flow rate and geonetry of stenosis, i.e., initial
and radius reduction (Fig.2), by using the boundary |ayer theoapdandtaadynfh@waxi syn
after independence of MABS on the entry velocity profile was denonstrated, the sinple
on the above paraneters, which could be nmeasured in clinical practice, was established
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where Reps the Reynol ds nunbepobaskee i nitial radl usdediaredl on Fi gure 2.



Note that such a relationship correlates accurately and extends the results found in
resol ution of Navier-Stokes equation for particular geonetrical characteristics.
Introducing in this formula the average flow rate conputed by means of the network
stenosed arteries can thus be analysed in the pathophysiol ogi cal context of these |es
their severity and the anatony of the arterial network.

Resul t Huge variability of MABS

Variations of MABS as a fusténoni ofpattern (varying the stenotic degree by steps of
different arrangements of anterior and posterior comunicating arteries dianmeters (fr
ones to fully-functional |arge ones) enphasize the huge variability of this parameter (:
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Fig. 3. : Dimensional maximal wall shear stress (MWSS*) and rate (MWSR?*) as a function of stenosis degree,
for five arrangements of anterior and posterior communicating arteries diameter&\goA=0.4 mm /
PCoA=0.4 mm p : ACoA=0.4 mm / PCoA=1.6 mm ; o : ACoA=1.6 mm / PCoA=0.4 mMm; ACoA=1.6 mm

/ PCoA=1 mm ; +: ACoA=1.6 mm / PCoA=1.6 mm.

What evecontrol ateral stenosis degree, MASS is at pshkatenai nsitie for stenosis between 6
80% the value and position of this maxi mum depending on collateral circulatory path
zero for occlusions.

For a given degree of unilateral stenosis (Fig 3, left), MASS is nmaxi mal when coll at:
are not efficient ( both thin anterior and posterior conmunicating arteries).

For a given degree of stenosis associated to an occlusion (Fig. 3, right), MABS is n
conmuni cating artery is broad and the posterior communicating arteries are narrow. Tr
this artery results in a favouraltlomtsopplterat oothbuded si de and an unfavourabl e incresz
and MASS throughitgse | ateral stenosis, leading to very high MASS val uest érosds Pa) in

(60% . This last result was obtained because we have not only considered an isolated
included it in the whole network. It could explain the uncertainty about the percenta
carotid obstructive |esions nust be considered severe for the risk of stroke

Concl usi on

Even so further investigations of the nechanical properties of thronbi and plaques
understanding of the role of MABS in the enbolic nechanisns, our results suggest th
rel ease coul d be nmaxi num bet ween 60 and 80% stenosis, where MABS i s naxi nmal .
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