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The need of predictions for biomedical applications
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State of the art models reproduce expemments
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Different parameters for different experiments

RBCmodel viscosity

stretching (Fedosov et al., 2010)

DPD /
Stress-free 4.8E-19 [J] 0.022 [Pa.s] 6.3 e-6 [N/m] @
DPD / constant varied to stud
spring eq. 7.5 E-19 [J] s effoct Y 6.3e-6 [N/m]
length
DPD /
Stress-free 3.0E-19[J] 0.0144 [Pa.s] 6.3 e-6 [N/m]

SDPD+a /

Stress-free 4.8 E-19 [J] 0.022 [Pa.s] 2.4 e-6 [N/m]
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TEST CASE Solvent Model / Membrane rigidity Membrane Shear modulus viscosity-contrast




leferent parameters for d|fferent expemments

Application T (°C) o (UN /m) Kk, (10720 n/Nab
single _

Stretching” 23 ( 30 2.40 —

TTC and shear flow'” 23 " (4.80

Cylindrical p-channel flow?* 37 3.00

Equilibrium”° 23 (242 (143

DLD device* 37 4.83 3.00 .

Dynamic morphologies in shear** 37 4.83 3.00 n.a

Flow-induced shape transitions™ 37 4.80 3.00 0
multiple RBCs

Cell-free layer”! 23 4.59 2.40 18.3

Pf-malaria biophysics?? 37 6.30 2.40 n.a.

Blood viscosity prediction?” 37 4.82 3.00 12.0

Platelet transport’® 27 4.50 2.98 n.a.



1. Blood model

2. Hierarchical Bayesian inference

3. Transferability of the calibrated model




Blood Model



Blood model

Blood Plasma Red Blood Cells

e \Visco elastic membranes

e Newtonian fluid Composition N l
® NO NUCLeUsS

e [ncompressible of Blood

Viscoelastic forces on a
triangle mesh

Dissipative particle
dynamics (DPD)

@ RedBlood Cells @ Plasma ¢ Platelets € White Blood Cells



Dissipative Particle Dynamics (DPD]

g Fluid represented by particles N[ Newton motion
Positions r,, I, =V,
Velocities v, 1
l vi=—1; @
Mass m m
\_ L _
~ . . . . ™
Dissipative Particle Dynamics forces ‘
N
_ C , ¢D , ¢R
f,= ) 5+ +1f
J=1
fg = aw(r;)e;;, hydrostatic pressure ®
D . .
fij = —ywp(r ij)<eij ' ij) € viscosity
R = Ugi-WR(ri-)ei' —_ :
i J RN gy Bounce-back o Frozen particles

= _J O



RBC membrane model

f Bending Energy ) f Area and Volume penalization \
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with respect to
stress-free shape

of reduced volume v:

< Lim et al. 2008. Soft Matter, 4.




Hierarchical Bayesian model



The need to combine multiple datasets
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Single-cell experimental data

Equilibration

Minimum Maximum
Diameter thickness thickness
7.82 um 0.81 um 2.58 um

Evans, Evan, and Yuan-Cheng Fung. "Improved

measurements of the erythrocyte geometry."
Microvascular research 4.4 (1972): 335-347.

Stretching

| Fext
< >
D

ax

16 A

14 -

0 25 50 75 100 125 150 175 200
Fext[pN]

Mills, J. P., et al. "Nonlinear elastic and viscoelastic
deformation of the human red blood cell with optical

@ tweezers." Molecular & Cellular Biomechanics 1.3 (2004):

169.
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Relaxation
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cell extensional recovery and the determination of membrane
viscosity." Biophysical journal 26.1 (1979): 101-114.



Hierarchical statistical model

Computational parameters 8 = (v, u, k3, b», 17,,,)
1. Selecta RBC

o 2. Propagate through
computational model

3. Random noise
G Glle G ] T

Yeq,1 | Yst.i | Yre,i ynew _
L 1=2,3 1) 1=4,5,6,7 ) || observed variables

Equilibrium x1 Stretching x2 Relaxation x4

O unobserved variables




Inferring the parameters

(| D) = pD | y)p(y) 1. Compute posterior for each dataset separately
p(D) 2. Use the samples to estimate the likelihood

N
p@Iw = || [p(Di | 0)p(0; | y)dO,

1

l

[ p(D; | 6,)p(6; | y)
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* https://github.com/cselab/koralli

Wu et al. ASCE-ASME J Risk and Uncert in Engrg Sys, 2019



From parameters to observables
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Oftline surrogate to accelerate inference
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Feed-forward Neural Networks,
3 hidden layers of 32 neurons
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Model predictions on the calibration data sets
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Transferability of the model
Prediction on previously unseen data



Single cell in straight micro-tube

Tomaiuolo, Giovanna, et al. "Red blood cell deformation in microconfined flow." Soft Matter 5.19 (2009): 3736-3740.
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Single cell in linear shear flow

Tank-treading frequency
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¢ Transferable model: prediction of previously unseen flow conditions

e |[nferred stress-free state of cytoskeleton

https://github.com/cselab/Mirheo https://github.com/cselab/koralli




