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Objective

Developing numerical tools to help clinicians:

* Understand the occurrence and evolution of pathologies,
* |Improve the choice of medical device,

* Prevent potential complications

« Strong collaboration with clinicians (HCL, CHU Rennes)

» Access to preoperative patient data to build patient-specific models and
per- and postoperative data to validate simulation results

* Application of various methods of computational mechanics (FEM, FSI,
ROM, etc)

Application: Arteriovenous fistulas (AVF)
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Context and
objective

Intuitively understand the hemodynamics of D
AVFs and its influencing factors <

Numerical analysis

T Eloss = Efriction + Emetabolism
%%%%%%%ﬂﬂf + Edirection + Eelbow

\

Energy losses(J)

Energy conservation

4 - PQha PQDA _ pQ;
T 0Gba 1 %4 = 0% 4 Eloss(Ry, o)

20

Rv(m) ‘ theta(®)
Fig.1 The relation among Energy Losses in AVF, Rv and Theta

Numerical simulation
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. . 5.0e-04
 Diameter of anastomosis: 8mm .o
« Angle of anastomosis: 45° _ 0.0003

|

— 04

E
— 0.0002 oo

0.0001

l 0.0e+00

5.3e-01

U (m/s)

Fig.3 Streamline in AVF Fig.4 Displacement of vascular wall
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Application: EndoVascular surgery

Context and objective

* Mini-invasive surgery for the treatment of several
pathologies

* Insertion and deployment of several devices

* Need for intraoperative guiding by enriching peroperative
Images, sizing recommendation, evaluation of surgery
potential complications, etc

Model construction

Intraoperative 2D
(or 3D)
acquisition

3D/2D matching 3D/2D rigid Bones structure Preoperative
(projection, DRR) registration segmentation CT-scan

Transformation application
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Automated medical imaging processing to build the FE model and
compare with peroperative images for AAA [Gindre et al 2016]
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Results

URIAD  MPTT  Generalized  AAA:. after parameter calibration on 2

Newtonian patients, validation of the model
prediction of guidewire position using the
same set of parameters on 28 patients

* Aortic dissection: validation of the MPTT
model by comparison to 4D-MRI data

* Angioplasty: simulation of elastic recoll
ratio for different balloon types

CFD Simulations with OpenFOAM with complex
shear-thinning model (MPTT)
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