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ABSTRACT Objective: To study the impact of shear stress on the formation of in-stent neoatherosclerosis. Methods: The bare-metal
stents were implanted in the right iliac arteries of 6 New Zealand White rabbits, which were then fed with a high-fat diet for additional 8
weeks. Each implanted stent was equally divided into 3 segments and the blood flow velocity and blood vessel diameter was measured
with Doppler ultrasound. The average shear stress forces were calculated immediately after and 8 weeks after stent implantation
according to Poiseuille's law. The characteristics of in-stent neointima 8 weeks after stent implantation were evaluated using optical
coherence tomography. Results: An experimental animal model of in-stent neoatherosclerosis was successfully established. Shear stress
forces of the proximal-, middle- and distal-stent segments were 4.25+ 0.92,2.49+ 1.07, 1.67+ 0.49Pa (P<<0.05) immediately after stent
(P <<0.05) after 8 weeks (the

differences between baseline and follow-up, all P<<0.001).The incidence of neointima heterogeneity of proximal-, middle-, distal-stent

implantation, which significantly increased to 20.40+ 6.07, 11.09% 1.74, 7.97 + 0.26Pa respectively

segments 8 weeks after stent implantation were 86.67%,53.33%,41.12% (P<<0.05) and the occurrences of in-stent neoatherosclerosis of
the 3 segments were 53.3%, 20%, 0% respectively (P <<0.05). Conclusions: These data suggests that the formation of in-stent
neoatherosclerosis may be associated with higher shear stress.
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Table 1 Results of lipid profiles

Weeks TG(mmol/L) TC(mmol/L) HDL-C(mmol/L) LDL-C(mmol/L)
0 0.83% 0.25 1.23%+ 0.68 1.05+ 0.59 041+ 0.23
1 1.71% 1.09 10.92+ 2.54* 0.94+ 0.37 5.89+ 2.43*
5 1.42+ 1.50 28.76+ 8.58" 1.21+ 0.30 9.71%+ 3.32*
9 2.79+ 247 33.66+ 6.57* 1.18% 0.50 14.20+ 4.95*

Note: *P<<0.01 vs. Baseline; * P<<0.05 vs. 1st Week; AP<<0.001 vs. Baseline

TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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16.73+ 4.42 cm/s (P<<0.001), BHLAFE%C (RD) 4350 % 0.84+
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Table 2 Hemodynamics parameters immediately after stent implatation

Vs,cm/s Vd,cm/s RI Dr,cm SS,Pa
Proximal 4247+ 8.24 6.63+ 2.72 0.84+ 0.05 0.210+ 0.019 425+ 0.82
Middle 2491+ 9.57 4.18+ 1.39 0.83+ 0.03 0.207+ 0.023 2.49% 0.96
Distal 16.73+ 4.42 4.18+ 0.28 0.74% 0.06 0.184% 0.057 1.67+ 0.44
P value <0.001 0.045 0.005 0.435 <0.001

o
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4f

UL R4.0 G76 C16 A2
foist: 15.0mm

Probe:5412 L

BRI

RI:

s/D:

PSV
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Probe:5412 L

Bl ¥esEHBRNEXRANnNREERSE( EETRE&DIRRIRENE, FERETRAR 8 BN XEFRMMREERNE)

Fig.1 Representative doppler images of blood flow in the stent segment

Note: Green dotted line (left) indicates the stent segment; Image on the right shows blood velocity in the stent segment 8 weeks after operation.
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Table 3 Comparison of the hemodynamics parameters at 8 weeks after operation

Vs,cm/s Vd,cm/s RI Dr,cm SS,Pa
Proximal 116.67+ 17.34 24.63+ 4.06 0.79+ 0.27 0.08% 0.02 20.40+ 5.43
Middle 70.63+ 14.01 12.53+ 3.09 0.82+ 0.04 0.09+ 0.02 11.09+ 1.56
Distal 46.23+ 13.87 12.93+ 5.14 0.73+ 0.04 0.08% 0.02 7.97+ 0.23
P value <0.001 <0.001 0.001 0.77 <0.001

4 BEX R ER (8] = MR BT 16 b Bt

Table 4 Comparison of the shear stress of stent segments between different time points

SS in the proximal, Pa

SS in the middle, Pa SS in the distal, Pa

Post-intervention 425+ 0.82
8-week Follow-up 20.40+ 5.43
P value <0.001

2.49+ 0.96 1.67+ 0.44
11.09+ 1.56 797+ 0.23
<0.001 <0.001
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Table 5 OCT data at 8-week after operation
Proximal Middle Distal P value
Number of cross-section, n 30 34

Cross-section with ISNA, n(n%) 16(53.33%) 6(20%) 1(2.94%) <<0.05
Cross-section with heterogeneity, n(n%) 26(86.67%) 16(53.33%) 14(41.42%) <0.05
Stent area, mm?® 4.12+ 1.09 3.93+ 1.33 3.62+ 1.27 0.782

Lumen area, mm? 237 1.16 2.66% 1.21 2.41% 1.67 0.896
Neointimal thickness, mm 0.31%+ 0.61 0.21+ 0.02 0.29% 0.15 0.177

ISNA: in-stent neoatherosclerosis.

B 2 ZZRABIEREY OCT E1%
Fig.2 Representative OCT image of ISNA

24 fRIBER
B 3 i i 5K 2 o OCT EUGARNT N 455 BE ) e 6 8E
TR . TR N R B3 A H R RIS A AN

Zz 2 ~ P

3 XERABHREIRIEFE R A AR HEX 4,B A3k5E HEx 10,C A3 HEx 40,C 4 B ATEEHEKRHSEER)

BRI RS T 1/2 SRR S 40/ N ol BT i A P T Dk
TR TR LR A0 B L R A (O MR A A B
A T T DAL 5 0 A B o 45 T ) A B 2 e 12
97 WU A A . S5 S5 AR 19 OCT FURGEATXT I, %3
OCT &5 Al KL 1o M 1) = 42 PR 37 A S RE R AL - 2 Il G 2 2 1
THIAEE
3 g

T 2220 75 A 1 A 0 3% A DAY LA A IR
AR, B2 B | AR 5 A 28 2RI T a0
T TR . R TR 22 3 A 75 % L 37 5470 7 AT )
b, FUA TRV S AT T T 52 2 G 0 R A T ) M R
TR PRI FEH A RTES VSR R (22 3 4t P ik o
FETEIHEHRTIL S B R R Ak P AR S . PR R %
L kR RN B 5 D R A LA G
AR ELS S W I8 PR b — 5 B L R, DR AR i 2 53
AR SR L B D117 LB A R — B A A S i 5 4
T30 BRI Z AN T 0 2030 A 7 Al ) 3 B I, A AR PR
IR DA S B, 5B B R 2

Fig.3 Histological findings of HE staining. Note: A: x 4 magnification; B: X 10 magnification; C: x 40 magnification of the box area in image B
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