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Medical Background - Open repair of abdominal aortic aneurysms (AAA)

25,000 AAAs diagnosed per year in Germany 12,200 AAAs repaired surgically 1,300 deaths from ruptured AAAs

Rupture probability of untreated AAAs: 25 % Diameter criterion for surgical treatment:
(during patient's lifetime) Max AAA Diameter 2 5.5 cm
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30-day mortality for open AAA repair:
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Refinement of in vivo patient-specific
AAA rupture risk prediction is needed to
save unnecessary surgeries and costs!

Materials testing & modeling
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[ — ‘ s 5 ) AAA geometry reconstruction from computed Hexahedron-dominant hybrid meshing of
AT, - e Tdlhy, \ tomography or magnetic resonance imaging the in vivo patient-specific AAA geometry
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Theory of finite deformation elasticity FE results for models without and with calcifications
non-caloified Balance equation: Stress reductions at

disperse calcification
highly calcified

purt; calcification = (o 94 DlV (FS) — bg = 0 iIl Q[] the calcified neck

, - u — uOD on FD (DBC) vonisssos(;rieos;[%]

P N[‘ — tg on FN (NBC) 2.26+05
Almost no dif- 1.5e+05

ference at non-
calcified regions I7-5e+04

1.PK stress P, [MPa]

TR ?L P P = = — « CT images show a loaded state of the
et | 3 \ AAA - Prestressing (Gee et al., 2009)

Maier et al., 2010 [1] Bl » Blood pressure acting on the deformed

by = PP ; el spatial configuration of the blood lumen

Impact on society and benefit for the patient
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Dehnung A, [] i sympt/rupt

Bose ElectroForce 3100 Biaxial tension test machine Wlth op- _ , - WE "B n 53 30 23
’ | male/female 14/9

Sample during destructive test tical displacement tracking system : ) B W Bl AAA family hisiory | 3 1 2
| | & symptoms 9 0 9
patient age [years] | 72.44+9.2 68.8+7.4 77.0+£9.5

vaerelaStiC material mOdels | | g max @ [mm] 64.5+£16.6 | 56.4+11.0 | 75.1+-16.8
- : e o 55<max @ [mm] 16 15 1

Incompressible AAA wall material model: W =« (11 —3) + 8(I; — 3)° : | ’ : B 48 75555;“:;@@[:“;5] 2 > 2

Material parameters are obtained by curve fitting
optimization algorithms, using P11 (A1) = 2 [a +26(AF 4+ 2A7" = 3)] (A1 — A7)
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Calcifications: Thrombus: W;,, = cZ(/\gL —1)

W =rci(Ilg — 3)—I— | OSM

W< —m(ﬁln J+J P 1)

thrombus (HU < 320): f - with § = —

peak wall rupture risk [-]

p< 0.0001

6.7 kPa — 17 kPa Rk : | W
Bp=24.5 (v=0.49) & - i i S | ,
i | Cum . . ) . g t t/ruot

thr.-calc.-transition: / 2.62 1.98 el

— ; | kPa kP : : :
§1=—2175K(F’Va=—084% ;V'F’a J 2 y Potential reduction of unnecessary surgical treatments by 50%

pure calcification: "¢, = 8.93 MPa : F Y, Stiffness varies over

(HU > 420) p=24.5 (v=0.49) thrombus thickness * %% DFG follow-up project granted in 2011 (~0.5Mio €) * * =
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