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Abstract Background and Aims: The pathogenesis and development of aortic dissection are not fully understood

at present. However, a lot of studies have shown that hemodynamic factors have an important influence
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on the occurrence and development of aortic dissection. This study was conducted to determine the
changing pattern of the hemodynamic parameters in the aorta without dissection and with dissection of
different development stages by computational fluid dynamics method, aiming to investigate the
occurrence and development of dissection from the perspective of fluid dynamics.

Methods: Based on the aorta size data of a patient with type B aortic dissection, the idealized aortic
models without dissection and with dissection in different development stages were constructed using 3D
modeling software Pro/E. Two-way fluid-structure coupling simulation was completed by Workbench
platform, and the changing pattern of the hemodynamic parameters such as blood velocity, pressure and
Von Mise stress of vascular wall were analyzed.

Results: During the accelerated ejection period, the maximum blood velocity increased about 0.6 m/s
with the presence of the dissection, and the blood flow condition in the false lumen became more
complex with the development of the aortic dissection. The maximum blood pressure increased about
0.3-0.6 kPa, and the hypertensive area of the lateral wall of the ascending aorta entrance was also
enlarged. The peak and fluctuation of the maximum Von Mise stress in the vascular wall were increased
with the development of the aortic dissection, and the maximum Von Mise stress was mainly located in
the laceration of the tear location, the lateral wall and the outer wall of the false lumen.

Conclusion: In the presence of aortic dissection, the false lumen compresses the true lumen, resulting in
increased blood velocity of vascular branches and increased blood pressure and hypertension area of the
ascending aorta. Vortex near the tear location may cause further tearing or even rupture the blood vessel.
The risk of further tearing and rupture of the blood vessel increases with the development of the aortic
dissection, and the prevention of rupture of the blood vessel at the tear location, lateral wall and the outer
wall of the false lumen should be focused.

Aneurysm; Dissecting; Aorta; Two-Way Fluid-Structure Coupling; Hydrodynamics
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Figure 1 CT images of a patient with type B aortic dissection
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Figure 2 The schematic diagram of aorta without aortic dissection

idealized model

A: Patient-specific model; B: Ideal model; C:The size of
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Figure 3 The aorta model in different development periods of aortic dissection
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A: Early stage; B: Middle stage; C: Late

stage; D: The location of the first tear and the size of false lumen in different development periods

1.3 R RBREGNIEE

2 FRSCHRE M 100 A8 BE 1 A B A B R 2.7 MPa,
BEON 1130 kg/m®, JRAEL R 0.45 (45 10 R 1 . 2
FESCHR™, K il i R B R 1050 keg/m’, B

J1 5 Sk 0.003 5 Pas Y FRH 2R 5 4K . 4 2
Rk E B kR R K 0% F P=0 mmHg
(1 mmHg=0.133 kPa) . T} 3 20 ik ifn A 11 2R F 3 &
FiEv (o) PV () WA

2.40e7 sin (13.09¢)

0

V(1) =1-0.343¢7%7792 in [13.09(¢ — 0.24) |

0<:<0.24
0.24 <1 <0.2473
0.2473 <t < 0.8

4 73 B R B HEAT #0050 3 AR 20 S A e 2 3 ik
W, AR i I O, PRI B LAY O SR
EO D =Ry N T 1k DL N 51 1 /NI B - 3 =171 914

© WA )3 of [ FF I F A EPTA

3 R o3 S LA T S T [ AE 29, O L B A
PRI HAR B B WA 4 PR

http://www.zpwz.net



1472 B E AR R K 5530 %

S BBk E@m%m;z#m 10
B 08
e % 0.6
. . 04
TSNk TPy E = o
e ik 00 :
0% 02 04 0.6 058
Fpthnp A A (s) B
B4 FERORZFHWHEE A DRBKEGLFRSEM BV () BIBKE
Figure 4 Setting of simulation boundary conditions A: Boundary names and conditions; B: Waveform of V(¢)
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Figure 6 Blood velocity streamline of the symmetrical section which across the entrance of the false lumen at accelerated ejec-

tion period (T,=0.04 s) A: No dissection stage; B: Early dissection stage; C: Middle dissection stage; D: Late dissection
stage
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Figure 7 Blood pressure nephogram of the symmetrical section which across the entrance of the false lumen at accelerated

ejection period (T,=0.04 s)

section stage

2.4 I1MEEEVon Mise K2

eI JE I, I BE B Von Mise N J7 [7) 4 52 B
0 R o 32 30 Bk 2 R T B kg ik e ka #, IF B
FFE B S 3 353 3 48 B ARS8 T R
LR IG . A IZAAENS, 14 BE Y K Von Mise
N 7 B e 2 0 Kk R G R, I B ek AR TE
BF3 KT — A 8m g, A, AIRZHEAER, N
T35 X B A A e 2 Y ST B i 2 L K
Je Zw i, B A B T N RIS
JeZ eI, B RE A BE R (R S K 5 2 AR
SO EC I BERR B T N RIS RIER,

Von Mises Stress
Surface Stress

4.000e+003
3.600e+003
3.200e+003
2.800e+003
2.400e+003
2.000e+003
1.600e+003
1.200e+003
8.000e+002
4.000e+002
0.000e+000
[Pa]

max=8.48¢" Pa max=2.69¢’ Pa

A

E8 fnEStmE (T,=0.04s) IMEEE Von Mise 5z 1= E
Figure 8 The nephogram of Von Mise stress of blood vessel at accelerated ejection period (T,=0.04 s)
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Mise stress with time in different development
stages of aortic dissection
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