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Cornell University Hemostasis

Blood vessel injury

— Hemostasis describes the physiological
Tissue Factor Il process of blood clotting at injured vessels

Thrombosis involves platelet activation and

R A aggregation under pathological conditions

Fibrinogen The pathway reacts much than the

mediate l right pathway, which makes a key
Fibrin component in the initiation of hemostasis.
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GPlba-vWF A1 Bond

GPlba Structure

“GPIlb-vWF-A1 tether bond kinetics
are “selectin-like™:

1) a critical level of hydrodynamic
flow to initiate adhesion
required

2) short-lived tethering events

3) fast intrinsic dissociation rate
constant.”

--TA Doggett, et al.

EG. Huizinga, et al. Science 16 August _ _ Extracellular
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One solid near-wall spheroid convects

under simple shear Stoke’s flow.
Governing equations:

Vp=uVu, V-v=0

method to solve Stoke's flow):

v(x) —v™(z) % Klz=¢)-
K(z-§) = -2n(¢) - X - )
\
K . S(z —za) j\®
)= 3 (1w w) S | S

u=U" + P x (x — X(p)) x € P
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Convective Transport of
a Single Platelet

Regime 1. Modified Jeffery orbit. (H>1.2a)
H: start height, a: platelet long axis length
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Regime 2: “Pole-vaulting” followed by
repeated contacting. (1.1a>H>0.75a)
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Regime 3: Wobble flow. (H<0.70a)
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GPIlba-vWF A1 Mediated
Adhesion Model

Cornell University

Prototype—
Selectin mediated neutrophil rolling:
Bond kinetics, based on Bell Model:
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) Cornell University Single Platelet: Rolling




Tethering events/Collision events

tethering efficiency
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Cornell University Two Platelets: Collision in Flow

Both near-wall and far-wall platelet collision events have identical initial
configurations: DX = 2.5 mm; DZ = 0.25 mm between centroids.

A  CLOSETO WALL Mody and King, Part |, Biophys. J. 2008
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« Contact Time T, = * Contact Time T, = ms
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Platelet 1: 1.27 um?; Platelet 2: 1.26 um? Platelet 1: 0.8 um?; Platelet 2: 0.85 um?
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Two Platelets:

the beginnings of aggregation

Platelet-Platelet Contact Time (ms), 6Xinn=10p.m
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' o More blood cells—
&) Cornell University

An Alternative Approach

A spectral surface integral methods developed for solving the viscous flow,
and the motion of the massless membrane:

-Fast: an particle-mesh Ewald (PME) approach

-handle RBCs

-deals with a of cells

-deal with vessel geometry

10 15 20
Diameter (um)

Effective viscosity at Hct=30% Blood flow through complex network

Jonathan B. Freund, et al. Chap.3, Computational Hydrodynamics of Capsules and Cells




Clumps of Platelets:

Micro Thrombi

Shear acceleration

Shear deceleration
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We propose: the existence of stagnation
zone further increases the shear gradient

Stagnation
Zone

“A shear
gradient—
dependent
platelet
aggregation
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drives thrombus
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RBCs enhance

Cornell University

platelets deposition.
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Modeling Thrombus Growth
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Inject fluorescent
human platelets
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Platelet Flow past a
growing Thrombus

Blood flow . . . .
Digital analysis of platelet flow around a platelet-rich

thrombus in vivo. (~400 frames, 6s real time)
Thrombus Up: cell trajectories color coded for velocity magnitude.
" Down: 2-D color map of velocity magnitude.
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Detecting Thrombus

Shape Change

Thrombus tend to shrink at surface with high shear
stress and extend at surface with low shear stress
where platelet is more easy to tether.

Thombus shift is not caused by pulmonary effect. (400

Thrombus area change due to repiratory cycle
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&) Cornell University Conclusions
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Platelet Adhesive Dynamics:

—Flow characteristics of platelet shaped cells

—Characterizing particle-particle collision phenomena

—Dynamics of GPlba-A1 mediated platelet-vessel tethering/rolling, initiation
of thrombosis.

The existence of “stagnation zones” both upstream and downstream the
thrombus enhances the shear-gradient dependent thrombus formation

RBCs enhance platelet deposition, which leads to enhancement of
thrombus growth.

Characterizing the flow pattern around a human thrombus in vivo.

Explore the thrombus shifts towards low shear stress region.
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