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High shear-rate thrombus formation




Scale-separation map

time
1-way
min/h ]
1.5-way (_\ 1D
S 3D
Cellular
ms
us

um mim m



HemoCell HemoFlow rheoModel
cellular macroscopic coarse-grained

7]
3
=
'8
S
o
(2]
&
4
>
L
[

Red blood cell and platelet
diffusivity and margination

in the presence of cross-stream
gradients in blood flows
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vWF model CEPAC
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Cellular modeling — shear conditions

Q=2.83e-10 m3/s
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Cellular modeling - platelet margination

Re ~1.0 H=0% H=5% H=10%

Vmax = 0.5 cm/s
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Margination from cell pair collisions

Experiment:
- Following both RBC and small tracer particle trajectories
- Straight channel flow

Experiment:
Drr RBC = 1.2e-8 cm”2/s Cell radial dispersion:

- Ot W /e 1 X (R (D—Ri (002

Cell radial drift velocity:
Simulation (using the same parameters) with HemoCell:

1 o~ (Rip(t) — Rir(0
szﬁg £(t) = Fur(0)

HemocCell:
Drr RBC =1.15e-8 cm”2/s



http://www.hemocell.eu/

Preferential diffusivity
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Coarse-grained model from statistics

22 X

D =50..70 um Extract various parameters
H=7%...36% > in a statistical sense in 242
Re=0,04..2,0 points.
Zavodszky, et al. (2019) Physics of Fluids
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rheoModel

Ib Collision cross-section
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Cell-resolved blood model

HemoCell

« Collision cross-section
o Fit parameters:
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rheoModel vs. experiments

Radial distribution of cells in a vessel
(D=50um, H=36%, Re=1.5, t=1s)

HemoCell

Computation: 9
days on 128 cores
(Cartesius)
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Low shear (< 2000 s?)
Tumbling

Medium shear (2000-
6000 s1)
Cyclic uncoiling-
recoiling

High shear (> 6000 s1)
Stable uncoiled state




vVWF mechanical model

Length [um]

Uncoiling in pure shear flow
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Comparison to: Schneider et al. (2007),
PNAS

Length [um]

Uncoiling in shear flow while head fixed to wall

3.0 1

2.5 1

N
o
L

-
w
1

1.0

0.5 A1

0.0 -

]
'
)
!
]
!
|
'
]
!
'
]
1
'
'
!
]
]
]
]
)
'
]
1
1
]
)
'
]
]

'
1
)
'
]
'
)
)
]
]
)
'
'

Simulation

Average threshold for uncoiling in
experiments

—
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Comparison to: Fu et al. (2017),
Nature Communications

Note: the spherical chain representation cannot match both with the same parameters.
Conclusion: allowing the elements of the chain to change alignment compared to the flow might be important.



CEPAC - Combined Effect for Pro- and Anti-coagulants

AR, platelet R1 receptor - weak bonds R2 receptor - strong bonds
in plasma VWF Z
forinogen T2 *  Platelet receptor to VWF: Gp Ib/la *  Integrin receptor to fibrinogen: allbp3
R1 d [~25000 on a platelet] [~50000 on a platelet]
R2 > * Integrin receptor to VWF: allbf33 *  Integrin receptor to collagen via VWF: a231
ICAM p | [~50000 on a platelet] [~1000-4000 on a platelet]
p-selectin . Platelet receptor to collagen: Gp VI 4
colgen (+Gp la/lla) [~4000 on platelet] Platelet aggregation
J

Platelet adhesion and rolling over surface

More important in arteries (>500 s-1) and
arterioles (1000-1800 s-1) than in veins (<200 s-1)

immediate
unlocking/activation

ECM




First target experiments
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Continuum CFD

HemoScale = |

Coarse-grained model: Macroscopic model:
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HemoScale

Implementation level

Macro model

HemoFlow

-C++
- MPI

ZMQ

spawn (srun)

Master (Persistent storage]
- Python
o Skll-dte
’_
s N
> o | | zva | | zva (@
L J i Micro model #1 i
HemoCell
- C++
Z ZMQ -
QCG Pilot - MPI y
§ Micro model #2 1
-:A :y;hcol'z) HemoCell
—.L ZMa y :
- C++
J ZMQ
_ - MPI .
% I_
)
S ' i
] Micro model #N
ks HemoCell
—P
- C++ .
-mp1 | M




Thank you for your attention!
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