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Optimization of baseline on stent with trapezoidal cross-section for
intracranial aneurysm

ZHANG Yun, QIAO Ai-Ke( School of Life Science and Bioengineering, Beijing University of Technology,
Beijing 100124, China)

Abstract; Objective To optimize the baseline on the trapezoidal cross-section of stent wires, so as to reduce the
risk of intracranial saccular aneurysm rupture after the implantation of such stents. Methods Thirty-eight trape-
zoidal cross-section wire stents with different baselines were constructed to establish the finite element models.
Numerical simulation by fluid-solid interaction method was conducted to calculate 38 maximum pressure gradients
on the aneurysm wall. GRNN ( general regression neural network) and GA ( genetic algorithm) were used to op-
timize the baseline on the cross-section of stents with trapezoidal cross-section wire so as to minimize the maxi-
mal pressure gradient on the aneurysm wall. Results Compared with the traditional stent with rectangular cross-
section wire, the maximal pressure gradient on the a neurysm wall was reduced by 7.86% after the implantation
with the optimized stent with trapezoidal cross-section wire. Conclusions The combination of GRNN and GA is
an effective approach for stent optimization.

Key words; Stent; General regression neural network ( GRNA); Genetic algorithm (GA); Pressure gradient;
Finite element analysis; Numerical simulation
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Fig.1 Model of stent with trapezoidal cross-section
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Fig.5 Distribution of the pressure gradient

2 TXEERHERLEE

GRNN R43 [ F i 22 0 45 14—, B A
B RZ SRR LU St R LA 4 26 1) #R 2
RiZ%, GRNN EATRIRMIELMEBETRE 1, RE LI
RN E IR S K%, AL, GRNN
AT U e H RTE 0 H R BP 1 22 R 2% PR 5 3k
o [ A 00 RO BT % B R AR B AR BP M 2% i
19 131

ARBFFOR AR BUE T R K EAE S GRNN K
LR W AT WAL [ R B ASADRAS P T fs
THT s 1006 8 B KABLAE g 46 i ), A R IR
JE5 96 e BE T s 3 6 B B R ABL I R BT S R o A 38
HREA TPRENLIESE 33 LA M RIIGEA,S 4
FEAME TN . X5 T GRNN W85 , Y Zhie A i1



K B,E AUEitERsiEREEEEXERKLIKE
ZHANG Yun, et al. Optimization of baseline on stent with trapezoidal cross-section for intracranial aneurysm 297

B S T R R L ) 2 45 44 B A9 22 TG IR Y i AU L
Bl 4 7E ; GRNN (1 1l 2k L B b 258 i Ui A
T AR O 4 45 BT Y A% 338 R B LA S B A Y [
R e T, 4 XA ) 18 i
i R = ity = 4 %4 N T 2D O = 7 N U BT B e 04
51 R, BN IR T 2 R i
7 AT E R AEH

GRNN #4828 17 78 Matlab R2009b 74 78
SRR, 2E M &1 Zh Z BN BT B 5 A S B
FTIH—ALb T, B R B[ - 1,1 [JER A,

P 4% 38 N7 58 JE T B LT A SR A, A
R AT LIE L, MG RIGA SR ZR K,
HAER /3 AL Y AT 1% , & TROR A AR,
AT DL R OB B AU S B ok A T T

F1 AR ERTEN L LR
Tab.1 Result of comparison between calculation and prediction

F5  @WAE KESBLTEME GRNN BE MEXRZE/%

1 0.052 102 826.648 103 245. 460 -0.41
2 0. 066 101 902. 547 100 984. 836 0.90

3 0.078 101 747.961 101 916.088 -0.17
4 0.093 134 701. 328 135 308. 322 -0.45
N 0.098 102 389. 680 104 494.197 -2.06

3 BEEEERK

AR RIEBIR AL R P B K AR Y S B2 XL
AR A BAR , WAL REARTT 8, 3 BE AL %
B XA ERAR, R AR WAL, H B A
BRIE NI A, BB R B B (LA . ARk
FEBESENT .

(1) 9ihD o Kefige 2 1] 5 4B 2 [A] BEAT WA, 4
AGRbRS B — o AT R E B LRSS
R0 .

(2) FEApIh . BENLF=LE N AR08 # 4
F Bl s LIGX L6314 ER AR S i R EAT 1B AR

(3) THRENE R, N AR
Fa] REIR B R MU OO0 R B, 8 % B A e )
EARER

(4) RfEERAE, MR A M EEITEA, =4
RILAE,

(5) &1k, TEWE LA LFIFR, BEALA AL

AT RA R B EN 2R RE I e
W25 B TRINE BEATIR R FIL, S TRAR AN AL 6 B

REPI IR
VA B AE
W X LR

6 EEmER
Fig. 6 Flow chart of algorithm on combination of GRNN and GA

il 7E Matlab R2009b A 4 2 SL BB AL 55 145K
file , IR L U A9 GRNN R 48 U B8R VR D it
PR 035 N BE R, R B R0 A BE AL 50, B
KIAAEL T 200, 22 XAHER 0.6, AL FHEZR 0. 01,
R SR TT 2, BRI [0,0. 1],

3.1 fREER

B 7 B s e Sk i kA R , B AT LA
E L S0 RZ AT E LG 2 T &ML R,
A5 B R BE T [ 3 4% BEAE 98. 7 kPa/m , 3o [T 19
BIE TIRAKER 59 ume X—E5/NFRT 1%
FOTRI B o

99.6

[+~

& 99.4

P
99.2

N

R L
2 99.0

Kogsl
9838

98.6 1 1 1 1
0 50 100 150 200 250

BRPE

7 EEEEHEEE
Fig.7 Evolution process for stent optimization by GA
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