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Some applications

* Reduction of side effects
induced by the Cava-filter
implantation

e Prediction of postsurgical
conditions of patients with
atherosclerotic plaques




Technology




Modelling of blood flow in the vessel
network with implants or pathologies

* Modification of the state equation * Consider a part of 1D vessel

(description of elastic properties of the with impl.ant or pathology as a
vessel wall) 3D domain
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: . 3D Model of the fluid flow
Fiber model of elastic vessel wall _ ,
(Navier-Stokes equations)

(Peskin, Rosar) Ani3D Package



Model of
global blood
circulation




System of equations

1. Mass conservation law

as | d(us)
ot 0x

2. Momentum conservation law
u? B) _
+ ax( T o) FTp
3. The state equation

=0

(exp(=—1)—1,5>S
p = pc*f(S), f(S) =+ (5 ) :

\ ln(s)S<SO



Boundary conditions

1. Mass balance condition:
Z a’Q, =0, =+1,Q, =u, S,

k=Ky ,...,Ky,
2. Poiseuille’s pressure drop conditions:

P (t, % )— P (t) = 4 RI'Q., %, =0, L,
3. Compatibility conditions



The state equation

p= pcf(S)

An example of analytical function f(S):

exp(=—1)-1,5> 5,

So

A2 In (;—O)S <5,




The state equation for atherosclerotic

artery
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3D Model of
Fluid Flow




3D Model of Fluid Flow

* Navier-Stokes equations:

%—vAu—— (u-")u+Vp =FfinQ x [0,T],

divu=0inQ x [0, T]
* Boundary conditions:
u=gonl;, x[0,T],
u=0onTly x[0,T],
du

v—+pn=honTlg, x 10, T]

* Notassumed:uen<0onTi,,uen>0o0nT,u




Downstream Coupling Boundary
Conditions (x=b)

1D: Compatibility condition.
* J. uends=1u,S,
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3D 1D —va+pn) = ppn

pfue nds+§f lu|“u  nds =(pSu +§Sﬁ3)|b
Energy equality for 1D-3D model:
= (Erp(t)+ Esp(®)+ v [ IVull? dt + 16v [ [ n($)Sd~2u? dx dt=
_frout ((p + g lu|?)I-v Vu) n e uds+Si(p + gﬂz)lb

T. Dobroserdova, M. Olshanskii. A finite element solver and energy stable coupling for 3D
and 1D fluid models. Computer Methods in Applied Mechanics and Engineering.



The visualization of the adaptive mesh for
the flow over a model IVC filter problem
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The ratio of largest and
smallest element diameters
was 1l.1le + 2

Ani3D Package
http://sourceforge.net/projects/ani3d
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Calculation of haemodynamics in the
simple vessel network with cava-filtr
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The visualization of the velocity x-component
in several cutplanes orthogonal to x-axis
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The evolution of the drag force for the IVC
filter

cava filter drag coef.
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Conclusions

 Modification of the state equation by the fiber or
fiber-spring model of elastic vessel wall to model
the blood flow in the vessel network with
vascular pathologies or implants through

* New boundary condition for the 3D—-1D coupling:
— |t ensures the energy balance for 1D-3D model
— The inequalitiesuen<O0onTlj,,uen>00nTI,, are

not assumed.

— |t can be easy decoupled with splitting methods into
the separate 1D problems and the 3D problem with
usual inflow-outflow boundary conditions on every

time step.



Thank you for your attention!




