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Mathematical modeling of shear-induced platelet activation in high shear flow
4. KpaTkaa aHHOTauma

TpombounTbI YyBCTBYIOT CABUIOBbIE HAMPAXKEHWUS, BOSHMKalOLWME B ABUMKYLLENCS KPOBU, C MOMOLLbIO
cneuyanbHOro nocpeaHuKa, M3BECTHOro Kak dpaktop ¢oH Bunnebpanaa (VWF). B ycnosusax
NOBbILEHHbIX CABMIOBbLIX HAaNpPAXeHUN mynbTumepbl VWF cnocobHbl nepexoanTb U3 HAaTUBHOWM
rnobynspHoOM B IMHENHYI0, pa3BepHYTYyto KoHdopmauuto. B pesynbTate nepexoga mynbtumepbl VWF
npuobpeTatoT CNOCOBHOCTb K MyNbTUBANEHTHOMY CBA3bIBaHUIO ¢ GPlb peuentopamu, npueoga K
aKTUBALUM TPOMBOLIUTOB M YBENMYMBAA PUCK Pa3BUTMA apTepUanbHOro TpomboobpasoBaHums.

[Joknag 6yaeT NocBALLEH ONMCAHWUIO MaTEMATUYECKOro NOAX0Aa AN1A aHaIn3a r’MAPOAMHAMMUYECKOM
aKTMBaLMM TPOMOOLIMTOB B KPYMHbIX COCYyAax YenoBeka. byaeT nokasaHo, Kak coyeTaHne MeTog08
HEIMHENHON AMHAMMKU U BbIMUCAUTENBHOWN TMAPOLAMHAMMKM NO3BOINI0 NONYUNTb YCNOBUA
pa3BopaynBaHMa mynstumepos VWF nog aeicTBMem HeCcTauMOHapHbIX CABUIOBbIX HAaNpAXKeHUN. Takke
OyaeT NokasaH NpUMep NpUMeHeHUs pa3paboTaHHOro NOAX0AA B KOHKPETHOM KNMHUYECKON
noctaHoBKe. Ha aTom npumepe ByzeT NoKasaHo, YTO YC0BUE OTCYTCTBUA CABUTOBOI aKTUBALUK
TPOMBOLIMTOB B KPYMHbIX COCYAaXx BblparkaeTca B popme CTeNeHHOro 3aKOHa, CBA3bIBAOLLEro pasmep
mynbTumepos VWF ¢ BeIMYMHOM 06BbEMHOTO KPOBOTOKA Yepes Uccienyemblii COCyA,.

Platelets feel shear stress in flowing blood via special sensors known as von Willebrand factor (VWF).
These multimers undergo globule-stretch transition under high shear stress. When shear stress is larger
than specific threshold VWF multimers unwind, exposing more domains capable of binding platelet
receptors. Multivalent binding of VWF molecules with platelet receptors may lead to platelet activation
and increasing of arterial thrombus formation risk.

The presentation will be dedicated to describing of mathematical approach for analyzing shear-induced
platelet activation in large human vessels. It will be shown how the conditions of VWF unwinding under
unsteady shear flows were established via combination of nonlinear dynamics and computational fluid
dynamics methods. The application of the approach to analyzing of platelet activation in specific clinical
settings will be given. In particular, it will be shown that “no activation” condition in large arteries obeys
the power law relating the size of VWF multimers with blood volume flow rate through vessel.



