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Fluid-structure interaction numerical simulation of bypassed
DeBakey IlI aortic dissection

CHU Bo, QIAO Ai-ke ( College of Life Science and Bioengineering, Beijing University of Technology,
Beijing 100124, China)

Abstract. Objective To investigate the mechanical mechanism of bypass graft for the treatment of DeBakey I
aortic dissection and explore the valid surgical planning. Methods Patient - specific models of DeBakey Il aortic
dissection, including the models of through lumen and blind lumen, before and after bypassing between ascend-
ing aorta and abdominal aorta, between left subclavian artery and abdominal aorta, were constructed, and then
numerical simulations were performed using computational fluid dynamics (CFD) method under physiological flow
conditions based on fluid - structure interaction (FSI). Results Blood flow velocity, pressure, vessel wall dis-
placement of the false lumen after bypass graft were reduced by 38.86% , 15.347 kPa and 39.46% on average,
respectively. Conclusions Bypass graft is an effective surgical method for the treatment of DeBakey Il aortic
dissection under specific conditions with good prospects in clinical application.

Key words: Aortic dissection; Bypass graft; Numerical simulation; Pressure; Hemodynamics; Computational
fluid dynamics(CFD)
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Fig.1 Aortic dissection models
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Fig.2 Models after bypass graft (a) Vessel wall of through lumen bypassing between ascending aorta and abdominal aorta, (b) Blood
of through lumen bypassing between ascending aorta and abdominal aorta, (c) Vessel wall of through lumen bypassing between left sub-
clavian artery and abdominal aorta, (d) Blood of through lumen bypassing between left subclavian artery and abdominal aorta, (e) Vessel
wall of blind lumen bypassing between ascending aorta and abdominal aorta, (f) Blood of blind lumen bypassing between ascending aorta
and abdominal aorta, (g) Vessel wall of blind lumen bypassing between left subclavian artery and abdominal aorta, (h) Blood of blind lu-

men bypassing between left subclavian artery and abdominal aorta
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Fig.3 Finite element model of the blood (a) Through lumen before bypassing, (b) Through lumen bypassing between ascending aorta
and abdominal aorta, (c) Through lumen bypassing between left subclavian artery and abdominal aorta, (d) Blind lumen before bypass-
ing, (e) Blind lumen bypassing between ascending aorta and abdominal aorta, (f) Blind lumen bypassing between left subclavian artery

and abdominal aorta
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Fig.4 Finite element model of the vessel wall (a) Through lumen before bypassing, (b) Through lumen bypassing between ascending
aorta and abdominal aorta, (c¢) Through lumen bypassing between left subclavian artery and abdominal aorta, (d) Blind lumen before by-
passing, (e) Blind lumen bypassing between ascending aorta and abdominal aorta, (f) Blind lumen bypassing between left subclavian ar-

tery and abdominal aorta
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Fig.5 Longitudinal velocity at the inlet of ascending aorta in a
cardiac cycle
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Fig.6 Average velocity at false lumen before and after bypassing
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Tab.1 Maximum mean velocity of false lumen in a cardiac cycle

LAY /(m-sh) Wt it/ %

TH RS 2.347 —
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BB S 0.154 36.29
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Tab.2 Maximum mean pressure of inner vessel wall in a cardiac
cycle

B p/kPa R/ kPa
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Tab.3 Maximum mean displacement of vessel wall in a cardiac

cycle
A £ #%/mm R/ %
W F A 2.75 —
TR R 1.98 28.00
i S-SR S 1.27 53.82
H I AT 3.67 —
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BRSNS 1.99 45.78
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Tab.4 Comparison of fluid-structure interaction ( FSI) and non-

FSI simulation results

G EIEE S WERS  CAERERES
W T IS S R ERR I 36.92% 27.71%
W RIS I R IR 24.24% 9.90%
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BB IS SR ERR I 25.71% 27.27%
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TR R P EREE 359.75 Pa 155.33 Pa
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