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Hemodynamic Analysis of Double-Fenestration Technique for
Treating Complex Aortic Dissection

WANG Xu, HAN Qingsong, BAI Libo, FENG Haiquan
( College of Mechanical Engineering, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract; Objective Based on clinical surgical statistical instances, the influence of double fenestration branch
stents on the blood flow field after different depths of implantation in the diseased thoracic aorta was investigated.
Methods Thoracic aorta, thoracic aorta-coated stent, and branch vessel-coated stent were established. The
finite element calculation method was used to analyze the branch stent implanted into the diseased aorta at
different depths (5, 10, and 15 mm), and experimental verification was performed using an in vitro tachymetry
experimental platform. Results There were certain patterns for maintaining stable perfusion of the blood flow field
with branch stent implantation at different depths in the thoracic aorta. The branch blood perfusion rate in Group
D10-5 (the implantation depths of the left common carotid artery branch stent and left subclavian artery branch
stent were 10 mm and 5 mm, respectively) was at a good level, and TAWSS,, was at the lowest level
(44.94 Pa), thereby showing the best simulation results. Conclusions When the left subclavian artery branch
stent implantation in the thoracic aorta was short, the depth of the left common carotid artery branch stent
implantation in the aorta was appropriately increased to obtain a more stable blood flow field. This study provides
a theoretical reference for the double-fenestration technique in clinical practice.

Key words: thoracic aorta treatment; double-fenestration technique; hemodynamics; experimental research
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Fig.1 Aortic inlet blood flow velocity curve
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Fig.2 Cardiopulmonary bypass velocimetry experimental platform
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Fig.3 Aortic blood flow velocity distribution cloud map
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Fig.4 Local flow trace diagram of aortic arch
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Tab. 3  Results of aortic velocimetry experiment with double-

window branch stent implantation

AL W (mesTh) R/ (mes”! ) AXEREE/%

LX 1. 10 1. 15 4.35
D5-5 0. 85 0. 89 4.49
D5-10 0.82 0. 85 3.53
D5-15 0.74 0.79 6.33
D10-5 0. 89 0.94 5.32

D10-10 0.84 0. 88 4.55

D10-15 0.78 0. 83 6.02

DI15-5 0. 87 0.93 6.45

DI15-10 0.84 0. 88 4.55

D15-15 0.79 0. 85 7.06
4 Fig

AR S A A A AAR SN I R, R RO
T 0 Sl S B T R B A =5 3 kox I3 (R 5 i LA
3 32 S BENE L3 8 1 R e pL ]

43 3SR 2 B KL 3 i R i 2 S T
Bk, X R SRR AN LI R 43 A R
A, SRR B IR T R I A IE B, (6 4
I 35 AL, ML AL, 25 5 5 240 20 A TR
SEN R 5 R S Kok R

LSA 433 AR A Sk =, % i i 2 i e
S A 43 MLV PR FE A TA  LCCA, i 15 7 v 38
o, TS 2R R S I ROME LA LSA | fi 15
B 03 SIS VE T 0855 s LCCA 43 3SR A4S LSA
43 32 AR 3 S K I I 3 0 R e N — 2

ARGMIEIAR I 8 52 6 25 SR A /N T H A5 R
J PR F2 ok F DB SE 067 6 R 5222, 8 TS AT R
T B (B o 25 51 5 07 JAh R AR A AR —
B, RIATEREA LR T FE b SC 0 AR FE AR 5E 5 K
IR AT A B0 Y LSA 2y X R A E B K E A
FTFHeRF LSA M3 3 BT 110 5 BB 0 EA5 21 1Y
SEISIEATG LLIRAIE

AR SCE A X ) T2 B FRoR AR AR AR A M S 3 fik
PRI LCCA 7332 BRI, 1SA 43 32 3088 il i
P o3 SR RE N BBk S TR B, R 5T O
Sk MR R, A SCR LT 4548

(1) MALAE LSA 43 30 0 B0 AH AR ), Bl
LSA 3 32 SCHAH A FE B K A TR BE R, 43 3 I 55
F14) JRy ¥4 A0 7 TR G K Y R R, 0 S UM A T
MR AL &, a5 e 5 A R 451t —2

(2) Wy BEMA BB, D5-5.D10-5
A WAL T8 R AT6 A LI 50 f O, X
JEA M 0 TR AR . 256 RS
IR SEG 7R R AT REORRE LSA 4332 SZ 42 M A F 5
WK A IE B, 36 43I LCCA 70 XS4 A &
SIKITREE | REAAT S R I 37

(3) M3 LB RIHR A B 3 3 kR B 50%
(D15-15 41) , XF 3= 3 bk st A3 1 9 3 19 1 4 B A B
1, W ARG R TFA 3 LU

FERMRER. L,

EE WA /0 i v 45 A3t 50| SR Ikt
BXBERGK ; SHFN T T AIMNE, OF KR
THABR L M kA R TR XTI,

SE Lk

(1] Exuwte, UG, X608, 5. OGO %7 M 3= 3h bk A i
HVAYT RIS A4 S E B Ik 2 ISR KOF A IEJ].
SMEFIE 5, 2022, 27(4) ¢ 324-329.

[ 2] 3k¥, @rrte, T I0F DIk NI AR A AN T 6 5
ARIGTT R T3NS W52 F FSIKBR [ J]. A AR 27
Feii, 2021, 30(9) . 882-887.

[3] QA0 Y, MAO L, DING Y, et al. Hemodynamic
consequences of TEVAR with in situ double fenestrations
of left carotid artery and left subclavian artery [ J]. Med
Eng Phys, 2020(76) : 32-39.

[4] XDfEde. MONIER ESIkIESR [ D], Kt KHEER
K2, 2017.

[5] FYl, A&, Sy, & B EX Z B3R EY)
JreEtERe [ J] . BEREY 1, 2017, 32(2) ¢ 115-121.
YU K, GU XL, HU FQ, et al. Effects of strut numbers on
biomechanical properties of Z-shaped stent-grafts [J]. J

Med Biomech, 2017, 32(2) . 115-121.



B, %E. WHAEEARBFTERENREN RSN ZESH

WANG Xu, et al. Hemodynamic Analysis of Double-Fenestration Technique for Treating Complex Aortic Dissection 865

[7]

[8]

[9]

[10]

[11]

[12]

OLUFSEN MS. A one-dimensional fluid dynamic model of
the systemic arteries [ M]. Amsterdam: IOS Press, 2000
79-98.

By, A, EHINY, A FET IS M S
Jik A ML AT EL L] FHELOTE, 2019, 36(9) : 236-239.
fFES, WAL, JLBR, 55, BRSO U S50 i 32 30 ik
MG SH A2 MR [J]. NSl Dol K2 4 ( B SRR
fiZ), 2021, 40(6) ; 439-446.

B, Sdthe, FeplErE, AF S REN Ik 5 2 S
AR AR 2 S 2= g [ J]. BB AR 1%, 2023,
38(5) : 953-960.

DUAN WJ, SANG JB, QI DX, et al. The influence of left
coronary artery curvature and left anterior descending
branch stenosis on local hemodynamics [ J]. J Med
Biomech, 2023, 38(5) : 953-960.

CILLO-VELASCO PR, LUCIANO RD, KELLY ME, et al.
The hemodynamics of aneurysms treated with flow-
diverting stents considering both stent and aneurysm/
artery geometries[ J]. Appl Sci, 2020, 10(15): 5239.
ZEAR . AR IO A iR ) 8 ) X 1ML U B 7 A Y S i AL 11
[D]. WFRITERE: M5 Tk K%, 2023,

TRICARICO R, TRAN-SON-TAY R, LAQUIAN L, et al.
Haemodynamics of different configurations of a left
subclavian artery stent graft for thoracic endovascular
aortic repair [ J]. Eur J Vasc Endovasc Surg, 2020, 59
(1) 7-15.

SUN M, WANG Y, ZHOU T,

et al. Safety of left

[14]

[15]

[16]

[17]

[18]

subclavian artery selective coverage without
revascularization in thoracic endovascular aortic repair for
type B aortic dissections [ J ]. Ann Thorac Cardiovasc
Surg, 2023, 29(2) : 70-77.

WANG C, POZZOLI A, VON SEGESSER LK, et al
Management of left subclavian artery in type B aortic
dissection treated with thoracic endovascular aorta repair
[J]. J Vasc Surg, 2023, 77(5) : 1553-1561. e2.

HFoxa, BRvmsm, REVL. BT AR Sk i 4 e Ho ] iE
EREENE[J]. PEEEI R 2R, 2017, 26(12):
1633-1636.

BELL, WREAY, JLER, 5. EIKICR IO b A R B
S TGRS0 [ J]. BRI, 2021, 36(5) :
751-756.

XUE Y, HAN QS, GONG YZ, et al. Hemodynamic
analysis on proximal end of the aortic dissection with
different rupture shapes [ J]. J Med Biomech, 2021, 36
(5): 751-756.

LI CS, FENG HQ, WANG K, et al. Influence of the
anatomical structure on the hemodynamics of iliac vein
stenosis [ J].J Biomech Eng, 2023, 145(1): 011013.
PR, INBEIL, 2R, AR FETEOR 5P AT SRR T
SRR S TR MR BN 2R (U] S A 1%, 2023,
38(2) : 360-367.

LU K, SUN XF, PENG C, et al. Computational study of
fenestration and parallel grafts used in aortic arch lesion

[J]. J Med Biomech, 2023, 38(2): 360-367.



