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Abstract; Objective To explore hemodynamic performance of the aortic dissection after lesions, so as to provide
a more scientific basis for patient treatment. Methods Based on computed tomography angiography ( CTA)
image data from a patient with complex Stanford B-type aortic dissection, the personalized aortic dissection
models with different rupture shapes (H-type, O-type, and V-type) at proximal end of the aortic dissection were
established. Combined with computational fluid dynamics ( CFD ) and morphological analysis method,
distributions of the velocity at rupture section, the blood flow, the wall pressure and the wall shear stress (WSS)
were analyzed. Results The flow velocity, the highest pressure difference and the WSS proportion at entrance of
the H-shaped rupture showed larger hemodynamic parameters than those of the other two types. The risk of
dissection rupture for type H was the largest, while type V was in the middle, and type O was the smallest.
Conclusions This study provides an effective reference for further numerical analysis the cases and formulation of
treatment plans.

Key words: aortic dissection; rupture shape; computational fluid dynamics ( CFD) ; three-dimensional (3D)
reconstruction
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Fig.1 Personalized model of aortic dissection (a) 3D

reconstruction model, (b) Front view of aorta and

rupture entrance, ( c¢) Posterior view of aorta and

rupture inlet above and exit
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Fig.2 Blood flow velocity distributions at proximal R-I
with different types of rupture sections (a) H-
shaped rupture, (b ) O-shaped rupture, (c) V-

shaped rupture
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Fig.3 Blood flow distriubtions of aorta with different
rupture shapes (a) H-shaped rupture, (b) O-
shaped rupture, (¢) V-shaped rupture
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Fig.4 Wall pressure distribution of aortic dissection with
(a) H-shaped
rupture, (b) O-shaped rupture, (¢) V-shaped rupture

different types of rupture sections
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Fig. 5 WSS distributions of aortic dissection with

(b) OB 1

different types of rupture sections
(a) H-shaped rupture, (b) O-shaped rupture,
(¢) V-shaped rupture

NPRIE R T Sk R LR WSS i N
1~7 Pa'™ PRI, ARXHAIR Y WSS #2220/ i
PR L YA B, A g SR B P L I E A AR AL
R — R R, BFERM, EBhkR)Z 3 ik

AT A S i AL (I WSS/l bl VAR /N (X
H4.4%),0 BIRZ  H R (A5 6.7% ) ,
X AT ) 5 M) BT Bl AR RSk BUA BRI
AR, B 20 5 1 45 s 7R TR S A3 2 1) AU, 4 1Al
s WSS WU A S S5 250 3 3 ik it 87 e 2L 1 it [
Z 0 SRHr R H ORI WSS i HLROK,
IRE] 48. 1% , B RS e K5 1 OV R 22 9T A
B, SRR A AR AN (IR 2)

R2 TRWOBEEBEHNRREZEEIYIN AL

Tab.2 WSS ratios of aortic dissection with different types of

rupture sections

/%
WSS
H %Y 0 VA
fi% 6.7 5.7 4.4
E# 45.2 50. 8 51.0
=1 48.1 43.5 44.6
3 iFig

ARCFET A CT B, 5 AU [F] i
AT 2 7 1 32 Bl Dk e )2, A5 101 46K T IfL Y O
LIRS BE R S AT WSS SR Sh J1 24 SR
B RS AS R 11 2R A0 (e 24 XU, 9% e B,
ZEN T A 5 R I I8 e v s 5R 22 DA S g WSS oy
FU AR S B AR R] (R LA, B 1 AR 1>V AR 11>
O BT, SRR 7, 08 PN A I 3 K1
Fis  TEME 2SN 11 LA B i 24 1 A 3ok B B I 3 K X
& e 4

AR RPN T . D £ Mimics 20. 0 {49
2D YRR B R i K 400 %, A1 X Sk T AL
By BIELEL V O H B 3 Rk AR R 3 R
53 iR R T SR TR A 2 BORTE 1 58 B (H A
PR-AE R STL A% X I3 A Geomagic Studio 12. 0 3 1]
TRRERAF rp A — 25 WP A B RS B I 2R R
NURBS i J 34 i i, 752k 1 KR
A IR EE . @ W TR B kIR 1 Ol
B G A%, A SCHE BT AR v E AT — 2 T A Ak B
B, 2200 [ 2 sh ik R-T 8 1 B 00 S5 i A5 R0 UL A
EXF ESPKARAE . PRI TR ik —
Ak B ke Z AR | I 25 A =2 il A8 L K LA %
F BT JZ A5 LA B S AR AL AR A AR 3



EREMIE $£36%5 FS5H 20215108

756 Journal of Medical Biomechanics, Vol. 36 No.5, Oct. 2021
. [10]  BRT, BT, SRR, S AL TIHRR IR 12414 Stanford B %!
4 Hig BRI LA 1% SB[ 3] B AR 1%, 2018, 33
v pa N — e (6): 490-495.

MTEIRZ I LSRR 1T 5 ’Eﬁxlﬂ?& CHEN Y, WEI X, ZHANG YC, et al. Hemodynamic
E;’éﬂ& H E/\J;é)% ’ ,ﬁ\lﬂl(ﬁfﬁﬁﬁ#’%ﬁﬁﬂ?x Iﬁ] °© analysis of stanford type B aortic dissection based on
Hor H R O S Bl bk e J2 kSRR B R, VO BRIR computational fluid dynamics [J]. J Med Biomech, 2018,
Z,0 BfR/N, AR SR 3 ) B AR R DL & CFD 33(6) : 490-495.

KL A] LAAS 3] B AT IR 0 3 3 ko R 1 7 2 [11] ADEL M. Stanford B #! 38l ik & /2 i P 18 SR 530 3 11

MLt S A (U S R ; K RHHIL B[ D] M . WHT K2, 2018,

i%éﬁj\iﬁ@ﬂﬁ BIREITFTRRIE TR ) ittt s A B 00 e A 07

RS PATAL AP A A . SETIRSELD . B TTRCE, 2019,

5 23Tk [13] TAK K, CHIU P, LEE H, et al Investigation of

hemodynamics in the development of dissecting aneurysm

[ 1] . Esh k202 B A [ J] . P ELE S0 B R within patient-specific dissecting aneurismal aortas using
ML F2%ds, 2016, 4(16) ; 15-17. computational fluid dynamics ( CFD) simulations [J]. J

[ 2] DANIEL JC, HUYNH TT, ZHOU W, et al. Acute aortic Biomech, 2011, 44(5) : 827-836.
dissection associated with use of cocaine [ J]. J Vasc [14]  sREEL, £304, FOFME, &AM E Sz 1 i) 1
Surg, 2007, 46(3) ; 427-433. FHUEOTEOF LI ] b E O MR R A (TR L 2019,

[3] MYERS B. What is the ideal imaging strategy for 11(1): 37-40.
diagnosing AAA, abdominal aortic dissection and aortic [15] LI B, LI XY. The microcirculation load influence based on
rupture [ M ]//Gastrointestinal emergencies. Cham: numerical simulation for two-way fluid-structure coupling of
Springer, 2019 71-76. the aorta [ J]. J Med Biomech, 2016, 31(5) : 426-430.

[4] WROBLEWSKI R, GIBBONS R, COSTANTINO T. Point- [16] HJEIR, D, Tw, S BBAATT E ok 2 AR
of-care ultrasound diagnosis of an atypical acute aortic JCAHI I EAEY 1%, 2018, 33(4) : 326-331.
dissection [ J].Clin Prac Case Emerg Med, 2018, 2(4): MENG ZY, MA T, WANG SZ, et al. Finite element
300-303. analysis of aortic dissection treated with stent graft [J]. J

[5] CHEN DD, MATTHIAS M, DROSOS K, et al. A Med Biomech, 2018, 33(4) : 326-331.
longitudinal study of type-B aortic dissection and (177 sk, FeZRl, A5 SCT2 AN ) 3 42 5 45 440 1) S 3R 97 ME 3l
endovascular repair scenarios: Computational analyses BB AE B ML 8h 1A BUE R [ J ] E A 124, 2013, 28
[J]. Med Eng Phys, 2013, 35(9) ; 1321-1330. (2): 148-153.

[ 6] PATRICK MM, MICHAEL RL, MICHAEL CB, et al. ZHANG ZZ, QIAN AK, FU WY.Hemodynamic simulation
Accuracy of computational cerebral aneurysm hemody- of vertebral artery stenosis treated by stents with different
namics using patient-specific endovascular measurements links [J]. J Med Biomech, 2013, 28(2) : 148-153.
[J].Ann Biomed Eng, 2014, 42(3); 503-514. [18] M, #7e, BRML, 5. Fshlk &4y 32 4 S 2Am AR I i

[ 7] CHUANHUI L, WANG SZ, CHEN JL, et al. Influence of ST J]. EYES TR, 2009, 26(6) : 1250-
hemodynamics on recanalization of totally occluded 1254.
intracranial aneurysms: A patient-specific computational [19] g4, TWRU%, TN, 55 ASERIORE B ik &
fluid dynamic simulation study [J]. J Neurosurg, 2012, SHEENI IR T F RS LI [ J ). A B2 TR
117(2) : 276-283. %k, 2019, 36(6) : 1024-1031.

[ 8] HOIY, WOODWARD S, KIM M, et al. Validation of CFD [20] GEORGAKARAKOS E, IOANNOU C, KOSTAST, et al.
simulations of cerebral aneurysms with implication of Inflammatory response to aortic aneurysm intraluminal
geometric variations [ J].J Biomech Eng, 2006, 128(6): thrombus may cause increased 18F-FDG uptake at sites
844-851. not associated with high wall stress; Comment on “high

[9] JOZWIK K, OBIDOWSKI D. Numerical simulations of the levels of 18F-FDG uptake in aortic aneurysm wall are

blood flow through vertebral arteries [ J].
2010, 43(2): 177-185.

J Biomech,

associated with high wall stress” [ J]. Eur J Vasc

Endovasc Surg, 2010, 39(6) : 795-798.



