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Fluid-structure interaction simulation of patient-specific aortic
dissection and its bypass grafting

YIN Wen-cong, QIAO Ai-ke( College of Life Science and Bio-engineering, Beijing University of Techno-
logy, Beijing 100124, China)

Abstract. Objective To investigate the effects of different bypass grafting for treating DeBakey [l aortic dissec-
tion. Methods The patient-specific models of DeBakey Il aortic dissection based on CT images were recon-
structed by using Mimics software, and two bridge models of bypassing between ascending aorta and abdominal
aorta (AA), and between left subclavian artery and abdominal aorta (LA) were established by computer-aided
method, respectively. Then numerical simulations were performed by using fluid-structure interaction ( FSI)
method to compare hemodynamic differences of these two models. Results After bypass surgery, the mass
flow, mean and maximum velocities of the through lumen models were reduced to different degrees. Meanwhile,
both the maximum blood pressures and displacements of the vessel walls of AA models were decreased, but
those of LA models were increased. In contrast, all the above-mentioned hemodynamic parameters of the blind
lumen models were decreased, especially for AA models. Conclusions The AA bypassing is a better treatment
for DeBakey Il aortic dissection of through lumen and blind lumen. The therapeutic effects can be easily ex-
plained through simulation results, to ensure the scientific validity and clinical utility of bypassing.

Key words: Aortic dissection; Hemodynamics; Bypass grafting; Fluid-structure interaction ( FSI); Numerical
simulation
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Fig.1 STL model of the vessel wall
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Fig.2 Model of the vessell wall (a) Aortic dissection, (b) Bypass-
ing between ascending aorta and abdominal aorta, (c) Bypassing

between left subclavian artery and abdominal aorta
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Fig.3 Blood models (a) Aortic dissection of through lumens, (b) Bypassing between ascending aorta and abdominal aorta of through lumens,

(¢) Bypassing between left subclavian artery and abdominal aorta of through lumens, (d) Aortic dissection of blind lumens
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Fig.4 Mass flow in aortas of through lumen models before and

after bypassing
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Fig.5 Mass flow in false lumens of through lumen models before

and after bypassing
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Tab.1 Mean and maximum velocities of models in through lumen

models
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Fig.6 Mass flow in aorta of blind lumen model before and after by-

passing
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Tab.3 Mean and maximum velocities of blind lumen models
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lumen models
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Tab.5 Comparison of simulation results based on models with/

without branches

AR S AT AL R S S A
T S R ERE I 7.76% 36.92%
W I S R BRI 25.42% 24.24%

R JEE T - i S s A 1.84% 36.29%
T B T S R R ORI 9. 15% 32.00%
T T 0 R R AB R 326 Pa 6 828.3Pa
- R IRy O 601.1 Pa 6 144.8 Pa
BTG - EE I 6.49% 36.93%
BB S R {ERR I 3.312% 25.71%
BTG A R MERE I 19.45% 50.85%
S-S U R R 3.33% 36.29%
BTN G D ORI 957.9 Pa 24 987.7 Pa
BB E B RO BRI 494.8 Pa 23 428.5 Pa
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