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Hemodynamic analysis of edge stenosis in lower extremity artery stent grafts

HONG Yang', CHENG Yunzhang', ZHU Qing’, LIU Xiangkun’
1. School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. MicroPort Endovascular Co., Ltd, Shanghai 201318, China; 3. MicroPort Scientific Corporation, Shanghai 201203, China

Abstract: A three-dimensional model of nitinol stent graft is established to investigate the hemodynamics after the stent graft
was implanted into blood vessels for the treatment of arterial stenosis of lower extremities. The finite element crimping simulation
is firstly carried out to simulate the radial crimping deformation after the stent graft with a diameter of 8 mm was implanted into
the blood vessel with a diameter of 7 mm. Based on the finite element results, a computational fluid dynamic model is established
for computational fluid dynamic simulation analysis. The results show that there is malapposition between the proximal stent
graft and the blood vessle. The low wall shear stress region in blood infiltration area accounted for 28.5% of the total low wall
shear stress region, and the low flow velocity recirculation zone in blood infiltration area accounted for 30.1% of the total low
flow velocity zone. The malapposition at the edge of stent graft is likely a major contributor to edge stenosis after stent graft
implantation.
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Fig.1 Geometric parameters of stent graft
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Fig.2 Stent graft model
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Fig.3 Finite element model after crimping deformation
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Fig.4 Assembly of stent graft and blood vessel
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Fig.5 Cross—sectional deformation diagram of stent graft
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Fig.6 Nephogram of wall shear stress of the model
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Fig.7 Velocity profile and streamlines of the proximal stent graft

3 i

Ballyk " ) AT HE BT AP BT 00455 51 5
S0 K LI T R AR R ). LY
AT IR 32 L AL L P L I, A
L O 4 5 G R T 59 D 10
DX, T AT Y B i S 4 AR 1
PLIBRA 52 475025 AR 3 A Bl
WAL AR B0 AP 5T ) — B i PR
SR SR R R B S A
BFGEA0 B P AL BT R e 314
ORI B AR R B K B A LT
CFD e 3 BT 5 483 34 4 B 14 L3 30 0
B,

ABFTE0 U 2425 SR WL AE RIS I B
DB 27 24 I 30 , 7 A K L4 T 30
FRBERT I . 36T S A HOTF 52 , 3 B4 T i
£ EL/MR YT IE 0 05, B AR
AU R AL LR . /MR e R BT M 2
UL Bt — S BRI 12 3% R 2
R R .

AL BT Vi 17 1 — i I R, R
HEA LS AT RAR B S ELRHISE RS . A
BFFE A B (R R A A AR
L AN TSR, LA SRR T A

A R 5 A A A o [ ASBFSE B AR AR ST B
SCRMA G R AR G B L 3 1 R
WO A ) SCHR DL B 386 2 5 i kAl b P AT 1
b, 45 aT LU i CT BG5S i A M 22
MRS, I I BROC T I AU I S A il
A 5k 5 LSRR 0 , - LA L S Y I A8 Tk 3l i
B AR R A B A5 B X T
AR R RE T A B IR IESR

4 % &

ABE G A BROCTT 15 SRR sl 12707 iy
e 1B SO LA S ) L 3l 0 2 O, 25 2R
e AT B SR e A s A8 i S A vl i LR A, HL
TEAZ X 5l Ay AR RE TR DI, DX s, (] A7 32 X sl
LT I DA OO, 455 BUA OC T IS R AR B
X AT RS PR K A SIS 5 A 10 G PR 2 1Y)
JEIAT, R SR Y SR BETH 7 B et B IR S B 4 5
T RE IR )

(5% 30Hk]

(1] 248, BB E . BRE LRI /s Ak AR )]. MAME %
16 JRAXH 5 5, 2003, 26(4): 244-246.
WU T, TENG G J. Advances in research on prevention and treatment
of vascular restenosis with covered stent[J ]. Foreign Medical Sciences
Clinical Radiological Fascicle, 2003, 26(4): 244-246.

[2] SABRIS S, CHOUDHRI A, ORGERA G, et al. Outcomes of covered



7 , 5.

- 857 -

kissing stent placement compared with bare metal stent placement in
the treatment of atherosclerotic occlusive disease at the aortic
bifurcation[J]. J Vasc Interv Radiol, 2010, 21(7): 995-1003.

[3] GOLCHEHR B, HOLEWIIN S, KRUSE R R, et al. Efficacy of
treatment of edge stenosis of endografts inserted for superficial
femoral artery stenotic disease[J ]. Catheter Cardio Inte, 2015, 86(3):
492-498.

[4] BTE AFE, T, 5. BB LR EH A F o 4rT].
E A A 55, 2015, 30(5): 410-415.

GU X L, HUF Q, YU K, et al. Biomechanical comparison for two
types of nitinol stent-grafts[J]. Journal of Medical Biomechanics,
2015, 30(5): 410-415.

[5] AL-HAKIM R, LEE E W, KEE S T, et al. Hemodynamic analysis of
edge stenosis in peripheral artery stent grafts [J]. Diagn Interv
Imaging, 2017, 98(10): 729-735.

[6] LINK K, KRATZBERG J A, RAGHAVAN M L. Role of aortic stent
graft oversizing and barb characteristics on folding[J]. J Vasc Surg,
2012, 55(5): 1401-1409.

[7] TIMMINS L H, MORENO M R, MEYER C A, et al. Stented artery
biomechanics and device design optimization [J]. Med Biol Eng
Comput, 2007, 45(5): 505-513.

[8] KLEINSTREUER C, LI Z, BASCIANO C A, et al. Computational
mechanics of nitinol stent grafts[J ]. ] Biomech, 2008, 41(11): 2370-
2378.

(9] Fou, 55 %, P, 5 oda AT ZABRE R M ) Sk
o[ T]. B R A4 A 52,2017, 32(2): 115-121.

YU K, GU X L, HU F Q, et al. Effects of strut numbers on
biomechanical properties of Z-shaped stent- grafts [J]. Journal of
Medical Biomechanics, 2017, 32(2): 115-121.

[10] AENIS M, STANCAMPIANO A P, WAKHLOO A K, et al. Modeling
of flow in a straight stented and nonstented side wall aneurysm model
[J]. J Biomech Eng, 1997, 119(2): 206-212.

[11] MALEK A M, ALPER S L, IZUMO 8. Hemodynamic shear stress and
its role in atherosclerosis[J]. JAMA, 1999, 282(21): 2035-2042.

[12] STONE P H, COSKUN A U, KINLAY 8, et al. Effect of endothelial
shear stress on the progression of coronary artery disease, vascular
remodeling, and in-stent restenosis in humans: in vivo 6-month follow-
up study[J . Circulation, 2003, 108(4): 438-444.

[13] CHENG C, VAN HAPEREN R, DE WAARD M, et al. Shear stress
affects the intracellular distribution of eNOS: direct demonstration by
anovel in vivo technique[J |. Blood, 2005, 106(12): 3691-3698.

[14] HARRISON D G, WIDDER J, GRUMBACH 1, et al. Endothelial
mechanotransduction, nitric oxide and vascular inflammation[J]. J
Intern Med, 2006, 259(4): 351-363.

[15] Z4AE BRA . R RS S LR MRS A F o] Ad
E % TAF K E, 2006, 23(6): 1241-1244.

LIANG D K, YANG D Z. Hemodynamics analysis of intravascular
stents with different design features [J]. Journal of Biomedical
Engineering, 2006, 23(6): 1241-1244.

[16] YOUNG E W, SIMMONS C A. Macro-and microscale fluid flow
systems for endothelial cell biology[J]. Lab Chip, 2010, 10(2): 143.

[17] ROBAINA S, JAYACHANDRAN B, HE Y, et al. Platelet adhesion to
simulated stented surfaces[ J]. J Endovasc Ther, 2003, 10(5): 978-986.

[18] BALLYK P D. Numerical/experimental synergy: more than just a
reality check[J]. J Vasc Interv Radiol , 2015, 26(2): 259-261.

[19] BOSIERS M, DELOOSE K, VERBIST 1J, et al. Heparin- bonded
expanded polytetrafluoroethylene vascular graft for femoropopliteal
and femorocrural bypass grafting: 1-year results[J]. J Vasc Surg, 2006,
43(2): 313.

[20] MOLONY D S, KAVANAGH E G, MADHAVAN P, et al. A
computational study of the magnitude and direction of migration
forces in patient-specific abdominal aortic aneurysm stent-grafts[J .
Eur J Vasc Endovasc Surg, 2010, 40(3): 332-339.

[21] MOLONY D, CALLANAN A, KAVANAGH E, et al. Fluid structure
interaction of a patient-specific abdominal aortic aneurysm treated

with an endovascular stent-graft[ J |. Biomed Eng Online, 2009, 8: 24.

(%% A5 M A)



