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Introduction

Stroke is one of the most common reasons of death and permanent disability
worldwide. 25% of strokes can be traced back to the rupture of an atherosclerotic
plaque in the carotid bifurcation [1]. Therefore critical carotid plagues are treated
surgically in recent medicine. The treatment implies perioperative risk of stroke and
that is why surgical indication for patients has to be improved. Thereby, modeling and

SImUI_at.Ion of local qaemOd.ynamICS and meC,ham(?al Stresse_s in carotia pla_que_s IS d Figure 4: Validation of the segmentation of the carotid plaque: (Ieft) MR data; (middle) HE-staining;
p_ro_mlsmg approach. In this work, modern. 'mag'”g teChnl_queS and apP“Ca_t'O” of (right) EvG-staining. Good overall correlation is found between segmented components
Finite Element Methods (FEM) are used to investigate carotid plaques while different and histological slices. Letters (a) - (e) refer to components introduced in Figure 1.

mechanical quantities are evaluated.

Results

Methods

Windkessel parameters at the outlets can be adjusted to obtain patient-specific flow
rates and velocities in the ACE and ACI during FSI-simulations (Figure 5).
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Figure 1:  Processing of a carotid plaque from excision (left) to the virtual 3D model (right): - | .
(a) calcifications, (b) lipid pool, (c) fibrous cap, (d) intimal tissue (e) lumen. 3
The plaque is excised and then scanned with a Small-Animal-Scanner to gain 3D - 0 GE 3233 3E 3 e 3T 3 3
magnetic resonance (MR) data with high resolutions of 0.1x0.1x0.1mm?3 voxel size.
The image data is then segmented into three components namely intimal fissue, Figure 5:  FSl-simulation at systolic flow conditions (left); profiles of maximum flow velocities for

calcifications and lipid pools (Figure 1). Additionally the geometry of the inside lumen the ACC, ACE and ACI approximating patient specific measurements (right).
IS extracted. The segmentation process has been validated by a correlation of

histological slices with the MR data (Figure 4). In the fluid field of FSI-simulations, in vivo pressure has been achieved through the

windkessel BCs on both outlets. Compared to plain structural simulations, a
significant pressure drop occurs along the stenosis of the plaque (Figure 6).
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Figure 2: Adjustment of the raw geometry by extending
the lumen (top left) and intimal tissue (top
middle); mesh of the geometry (top right);
meshed geometry in a cut view to visualize
inside of the model and BCs (right).

Figure 6: FSIl-simulation with pressure distribution during the systolic phase in the fluid (left);
The Geometry is meshed hex dominantly (Figure 2). slices through the structure visualizing von Mises stresses distribution (right).
The adventitial layer is extruded at the abluminal

surface of the plaque mesh. The complete mesh

The luminal surface of the intima is focused in terms of causing rupture and stroke.
consists of 130638 nodes on structural and 22339 Maximal von Mises stresses in the intimal tissue occur in the fibrous cap between

nodes on fluid side. Blood is modeled as a lumen and lipid pool.
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(Figure 3). FE fluid-structure-interaction (FSI) cal- ki
culations are performed using the multi-physics
solver BACI [2]. Thereby, patient-specific measu- .
rements (luminal pressure and flow) are used to e o
adjust the Boundary Conditions (BCs). e Calcification
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Figure 7:  Cross section of the FSI-model displaying distribution of structural von Mises stresses.

300 Highest intimal stress is found next to the next to the lipid pool.
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Conclusion

h e ” — ” = Precise FE models of atherosclerotic carotid plaques can be created using the pre-
= 3 Isotropi tmffa‘?['] del ied to th sented process. BCs can be adjusted to patient-specific measurements. In order to
QUre . 1SOIopIc Matetial Mouels appled 70 e improve clinical decision for surgery, some more models have to be simulated to

structure components according to GGasser . . . o . . .
and Holzapfe|pand Maier et al. ?3 4. specify the mechanical quantities capable of quantifying the individual patient's risk of
| | stroke.

REFERENCES:

1] Ringleb et al.: Indikationen zur Therapie von Stenosen der A. carotis. Der Chirurg, 75(7), p. 653-657, Springer 2004.

2] W.A. Wall and M.W. Gee. Baci: A parallel multiphysics finite element environment. Technical report. Institute for computational mechanics, Technische Universitat Munchen, 2009.
3] T.C. Gasser and G.A. Holzapfel. Modeling plaque fissuring and dissection during balloon angioplasty intervention. Annals of Biomedical Engineering, 35(5):711-723, 2007.

4] A. Maier et al. Impact of calcifications on patient-specific wall stress analysis of abdominal aortic aneurysms. Biomechanics and Modeling in Mechanobiology, 9(5):511-521, 2010.

M

T
N\
R
Y
- |

\

\ \\

\

/
v _4

i =y
Institute for Computational Mechanics — Prof. W. A. Wall — http://www.Inm.mw.tum.de // /ln
fool




