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Hemodynamic investigation of incomplete stent angioplasty with percutaneous
transluminal angioplasty and stenting for severe intracranial atherosclerotic stenosis
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[Abstract] Objective To explore the clinical efficacy and changes in hemodynamic parameters
before and after incomplete stent angioplasty with percutaneous transluminal angioplasty and stenting

(PTAS) for severe intracranial atherosclerotic stenosis. Methods A total of 52 patients with severe
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intracranial artery stenosis (> 70%) who underwent incomplete stent angioplasty with PTAS at Shijiazhuang
People’s Hospital in Hebei from February 2018 to February 2023 were selected. The residual stenosis rate
after implantation of stent was evaluated, and neurological function was evaluated before and 6 months after
surgery by modified Rankin Scale (mRS). The MeshLab software was used to analyze three-dimensional
imaging data of arterial vessels, perform virtual repair of arterial stenosis approaching normal vessel
diameter, and obtain hemodynamic parameters of each segment of the arterial wall and lumen before and
after implantation of stent. Results The residual stenosis rate after stent implantation was (15.34 +
6.12)%, which was better than the stenosis rate before stent implantation [(84.60 = 7.20)%; t = 98.672, P =
0.000]. The mRS score 6 months after surgery was (0.38 = 0.21) points, which was lower than before
surgery [(1.21 + 0.43) points; ¢ = 24.124, P = 0.000]. Compared with the hemodynamic parameters of each
segment of the arterial wall before stent implantation, the dynamic pressure, total pressure, shear stress,
shear rate, and cell Reynolds number of the proximal normal segment, stenotic and distal normal segment of
the artery decreased after stent implantation (P =0.000, for all), also the dynamic pressure (P =0.000), total
pressure (P =0.000), shear stress (P =0.000), shear rate (P =0.008), and cell Reynolds number (P =0.000) of
the narrowed branch root decreased. Compared with the hemodynamic parameters related to the lumen of
each segment of the artery before stent implantation, the dynamic pressure (P = 0.000), total pressure (P =
0.000), blood flow velocity (P = 0.000), vorticity (P = 0.005), turbulence kinetic energy (P = 0.000),
turbulence intensity (P = 0.000), turbulence dissipation rate (P = 0.000), and turbulence Reynolds number
(P =0.000) of the proximal normal segment of the artery decreased after stent implantation, while the cell
Reynolds number increased (P = 0.000). Excluding blood flow velocity (P = 0.138), the dynamic pressure,
total pressure, vorticity, turbulence kinetic energy, turbulence intensity, turbulence dissipation rate, and
turbulence Reynolds number of the root and segment of the artery decreased (P = 0.000, for all). The
dynamic pressure, total pressure, blood flow velocity, vorticity, turbulence kinetic enery, turbulence
intensity, turbulence dissipation rate, and turbulence Reynolds number of stenotic segment of the artery
decreased (P = 0.000, for all). The dynamic pressure (P = 0.000), total pressure (P = 0.000), blood flow
velocity (P = 0.001), vorticity (P = 0.000), turbulence kinetic energy (P = 0.000), turbulence intensity (P =
0.000), turbulence dissipation rate (P = 0.000), and turbulence Reynolds number (P = 0.000) of the distal
normal segment decreased, while the cell Reynolds number increased (P = 0.000). The hemodynamic
parameters of the wall and lumen after virtual repair of artery stenosis were close to those after stent
implantation. Conclusions The use of incomplete stent angioplasty with PTAS for severe intracranial
atherosclerotic stenosis can significantly alleviate clinical symptoms, improve hemodynamic parameters in
each segment of the stenosis, reduce the damage of turbulent blood flow to the arterial wall, and lower the
risk of plaque fragmentation, detachment, and embolism of distal brain tissue caused by complete dilation of
the stenosis.

[Key words] Anterosclerosis;  Intracranial arterial diseases;  Hemodynamics;  Angioplasty;
Stents
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Figure 1 DSA findings before and after incomplete stent angioplasty with PTAS of severe stenosis of the M1 segment of right MCA
Anteroposterior (Panel la) and lateral (Panel 1b) DSA at admission showed severe stenosis of the M1 segment of right MCA (arrow
indicates). Prior to treatment, anteroposterior DSA showed severe stenosis of the M1 segment of right MCA (arrow indicates, Panel 1lc).
A microcatheter passed through the narrowed segment to the distal arterial part (Panel 1d). The microcatheter was located in the arterial
lumen distal to the narrowed segment (Panel le). A dilation balloon was sent to the narrowed segment to dilate the stenosis (arrow
indicates, Panel 1f). After balloon dilation, anteroposterior DSA showed the narrowed segment was enlarged, and then a stent was
implanted into the narrowed segment (arrows indicate; Panel 1g, 1h). After implantation, anteroposterior (Panel 1i) and lateral (Panel 1j)
DSA showed stenosis recovery of the stenosis, with the residual stenosis less than 20%. Follow-up for 6 months, anteroposterior (Panel
1k) and lateral (Panel 11) DSA showed recovery of the stenosis, with the residual stenosis less than 20%.
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Figure 2 Different measurement location of cerebral artery stenosis using the
wallshear stress diagram (the different colors on the strip represent different
hemodynamic intensities, with red being the highest and blue being the
lowest) Measurement location of vertebral basilar artery stenosis (Panel 2a).
Measurement location of MCA stenosis (Panel 2b).
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Figure 3 Hemodynamic parameters of the vascular
wall in vertebral basilar artery stenosis before and after
stent implantation, as well as after virtual repair of the
artery stenosis (the different colors on the strip
represent different hemodynamic intensities, with red
being the highest and blue being the lowest).
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Figure 4 Intraluminal hemodynamic parameters of vertebral basilar artery stenosis before and after stent implantation, as
well as after virtual repair of the stenosis (the different colors on the strip represent different hemodynamic intensities, with
red being the highest and blue being the lowest).
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Table 2. Hemodynamic parameters on the arterial wall before and after stent implantation and after virtual repair of the artery

stenosis (n=52, x +s)
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B4 71 (Pa) 379+ 246 134+  0.63 -18.180 0.000 1.09+  0.77 134+  0.63 -3381 0.001
BYIR(1s) 1668.53+ 94321 96826+ 565.57 -11.314 0.000 1054.82+ 707.43 968.26+ 56557  1.502 0.134
PITEH I (pvd/p) 4325+ 2048 2071+ 1327 -15.948 0.000 594+ 502 2071+ 1327 -17.475 0.000

Brmuim B R BRSNS R ) AR ) 5y Y )y 5y
YIS LT BT () P=0.000) , B 75 43 S AR
&5 71 (P =0.000) & & F1 (P =0.000) .57 9] J)
(P =0.000) .57 Y] % (P =0.008) . 50 (P =
0.000) JRFEAL (£ 2) . BB E KA 5 5 38 A
Ja B 7 B Dk £5 B A RE (W I 8l ) 24 S8 BR Ak
o E B RS U R 2 R G E R (P =
0.134) , AR AE S Ik B BESN B  RE S
B IR RO E IR E R A G E S
(¥ P<0.05,5£2) [A45 5 & 3 s, DB &2 B %
Jei W Bk 7 Bl ok 45 B A BE L 3h 1 2 S e i X
L WNEN RSV = 2

55 SRR B 7 Bl ok 2% B IR A I AL 3l )
SO L, SCHRAE A IS 3 Dk I i E B3 A R )
(P =0.000) . & JE J3 (P =0.000) . Ifil i ¥ (P =
0.000) i & (P =0.005) i i 8l fE (P = 0.000) i i

5 B (P =0.000) Jifi 31 FE HE (P = 0.000) | Jifi it B Wi
(P =0.000) FEAL, 5.0 8 # £ 5 (P =0.000) 5 BR
AN I B BE (P =0.138) , B A% 43 SCARFF B S 7 8
JE 3 W BE i VL B0 B i U R R R IR i T
FIE AR W BRI (3 P =0.000) 5 B 7 B 8h 45
JE 73 B 7 iU R I R T I Sl B i T R
[ GRS R Y N v S G
P =0.000) ; i i 1E H B3l A ) (P =0.000) 2%
73 (P =0.000) . IfiL #it 4 & (P = 0.001) i J& (P =
0.000) . Jifi i s AE (P = 0.000) . i i 38 £ (P = 0.000) |
it i FE L% (P = 0.000) | i i 5 75 £ (P = 0.000) f¥
%, LR BT (P=0.000,33) . UG E B2
7 Ja 5 SR JE 7R Bl k& B I R IR B )
2 BRSSO I i R B (P =
0.591) I 3y 1F % B i it & U (P = 0.678) 22 % 0
Gt L, RGNS BE NS E ) .
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R3O TG LR AME RS G S AR R Bl kA BUE I N LR B 12 SR B (n =52, 3 £ 5)

Table 3. Hemodynamic parameters in the arterial lumen before and after stent implantation and after virtual repaire of the

stenosis (n=52, x +s)

PUE S i=E 7 SRR AT KHEN G tfH P EEMEERER BEEARE t{H P{H

35 Vi 1E B
A S1(Pa) 166.84 + 80.71 103.08 +58.13 -10.637  0.000  75.81+50.27 103.08+58.13  -8.232  0.000
BE ) (Pa) 1611.60 +122.54  412.32+£76.90 -169.438 0.000  367.62+£53.82  412.32+76.90 -11.345 0.000
I FE (m/s) 0.51+0.18 0.43+0.14 -4.375  0.000 0.37+0.13 0.43+0.14 -7.441  0.000
E(1/s) 810.89 +284.07  709.56 +450.98 -2.810  0.005 567.26+161.41  709.56 +450.98 -34.419  0.000
i 1t 211 g (m?/s?) 0.007 +0.002 0.005 +0.000 -75.396  0.000  0.0004 % 0.0001 0.005 +0.000 -8.328  0.000
it 9L 3 (o/ V) 0.071+0.008 0.021 0.005 -98.453  0.000  0.013+0.004 0.021 +0.005 -7.679  0.000
Tift 912 FE HBOE (m?/s?) 2.25+1.71 0.10+0.12 -24.596  0.000 0.062 +0.021 0.10+0.12 -8.357  0.000
it 9 B AL Cpvd/p) 46.52 +19.48 11.32+4.28 -36.775  0.000 13.293 +3.39 11.32+4.28 11.882  0.000
HOLEER (pvd/p) 4158 +12.68 45.18 +10.59 4.150 0.000 37.064+11.582  45.18+10.59 -6.316  0.000

B Gy SR
B 1 (Pa) 80.64 +51.15 22.01 +20.90 -8.999  0.000 16.60 + 11.55 22.01+20.90 -3.594  0.000
BE S (Pa) 699.36 + 64.08 58.02+24.37 -91.918 0.000  53.37+12.77 58.02+24.37 -2.583  0.010
I3 3 BE (m/s) 0.24+0.19 0.15+0.07 -1.493  0.138 0.15+0.07 0.15+0.07 -0.539  0.591
W (1/s) 1942.76 +487.66 1195.18+976.56  -12.070 0.000  779.40 +406.54 1195.18+976.56 -6.488  0.000
i 1t 11 g (m?/s?) 0.005 +0.002 0.00 +0.00 -19.965  0.000 0.00 +0.00 0.00 +0.00 -7.970  0.000
i L SR BE (o/V) 0.05+0.01 0.002 +0.001 -31.595  0.000  0.001+0.000 0.002 +0.001 -6.669  0.000
it Y FE HHE (m?/s?) 4.17 +2.04 0.005 +0.008 -20.966  0.000  0.001+0.001 0.005 + 0.008 -7.449  0.000
it Vit B 5 AL Cpvd/p) 9.49+5.97 0.49 +0.32 -15.052  0.000 0.43+0.22 0.49+0.32 -2.676  0.008
HILTE A (pvd/p) 4336 +8.11 19.64 +9.32 -18.003  0.000 18.01+7.86 19.64 +9.32 -2.127  0.034
B E S (Pa) 528.32+105.01 86.30+42.01 -58.064 0.000  92.13+35.40 86.30+42.01 2.501  0.013
BT (Pa) 745.83+142.64  175.18+42.12 -60.920  0.000  181.07+35.01 175.18 +42.12 2.548  0.011
I3 2 (m/s) 0.90+0.28 0.39+0.10 -20.506  0.000 0.41 £0.09 0.39+0.10 2979  0.003
W EE(1/s) 1541.66 +1125.92 761.58 £412.93 -7.738  0.000 875.49+398.42 761.58 +412.93 5.980  0.000
it 9t 8 i (m?/s?) 0.01 +0.00 0.0003 +0.0002  -82.491 0.000  0.0001+0.0001 0.0003+0.0002 -18.626  0.000
i 58 B (o/V) 0.08+0.01 0.01+0.01 -143.759  0.000 0.008 +0.003 0.01+0.01 -18.343  0.000
i 1t #6 U (m?/s?) 9.12+9.89 0.06 +0.03 -15.378  0.000 0.03 +0.02 0.06 +0.03 -15.874  0.000
it ¥ T AL Cpvd/p) 34.04 + 12.60 9.34+6.32 -32.700  0.000 4.00 £2.45 9.34+6.32 -19.781  0.000
HILTE IR (pvd/p) 80.25 + 12.01 41.24+12.24 -35.151  0.000  46.41+10.20 4124 +12.24 7.807  0.000

378 Vi 1F Y Bt
B E S (Pa) 106.34 +91.25 50.64 +15.24 -13.162  0.000  57.75+27.18 50.64 +15.24 5.356  0.000
BIE S (Pa) 270.58 +89.39 148.66 +15.33 -29.374  0.000  157.96 +30.85 148.66 + 15.33 6.551  0.000
L7 3 BE (m/s) 0.34+0.16 0.31+0.06 -3.428  0.001 0.32+0.09 0.31+0.06 4.053  0.000
W (1/s) 854.91+390.14  476.49+225.87  -16.979 0.000 364.98+208.71 476.49+225.87 -11.734  0.000
Tifi 91t )1 g (m?/s?) 0.02+0.01 0.0002+0.0003  -42.435 0.000  0.0003+0.0002  0.0002 = 0.0003 3.885  0.000
i i 5 (o/V) 0.10+0.02 0.01+0.01 -62.923  0.000 0.014 +0.005 0.01+0.01 5.025  0.000
it 1t #6 R (m?/s?) 4.40+2.70 0.03+0.01 -35.478  0.000 0.03+0.01 0.03+0.01 0.415  0.678
it i T I (pvd/p) 92.80 + 56.99 10.66 + 6.63 -31.428  0.000 12.28 +8.52 10.66 + 6.63 5.163  0.000
HILTE IR (pvd/p) 20.54+16.86 31.37+6.86 12.485  0.000 29.79 + 8.88 31.37+6.86 -3.715  0.000

SVHE T I BE WA BE L I B0 R T i 5R B i BX(HP<0.05,5K3), HEE5E 4R, ENEBER
FERE i i A IR DR B R B A G Be 78 Ja 1 78 Bl Ik & B I N NI 3 ) S 8E
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