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Abstract; Objective To investigate the influence of thrombus entrance shape, suction rate and blood flow veloci-
ty on thrombus aspiration of rotary cutting and suctioned thrombectomy devices, so as to provide theoretical sup-
port for the design and optimization of such devices. Methods Three models with different thrombus entrance
shapes ( ‘L’-style, ‘8’ -style and ‘0’ -style) were established to study the influence of thrombus entrance shape
on the thrombectomy; different suction rates (75, 100, 125, 150 mL/min) and different blood flow velocities (0-
10 cm/s, at interval of 1 cm/s) were set to discuss how the suction rate and blood flow velocity affected the
thrombectomy based on ‘8’ -style thrombus entrance. Results The thrombus could not be aspirated evenly in
‘L’ -style model, and there was no significantly difference in aspiration between ‘8’ -style model and ‘0’ -style
model. But the ‘8’ -style model was better than ‘0’ -style model in lateral thrombus suction. The suction rate that
was greater than 100 mL/min provided a limited effect on improvement of thrombectomy effect. The best suction
effect was reached when blood flow velocity was less than 1 cm/s, and the effect of thrombectomy was decrea-
sing gradually with blood flow velocity increasing. Conclusions The thrombus entrance shape, suction rate and
blood flow velocity had a great impact on thrombectomy greatly. A wide and short thrombus entrance shape, an
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appropriate increase of suction rate and decrease of blood flow velocity would contribute significantly to the im-

provement of thrombectomy effect. These results can be used as guidance for the optimal design of rotary cutting

and suctioned thrombectomy devices.

Key words: mechanical thrombectomy device; computational fluid dynamic (CFD) ; suction rate; thrombectomy
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Fig.1 Three thrombus entrance models (a) ‘L’ -style,
(b) ‘8’ -style, (c¢) ‘0’ -style
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Fig.3 Thrombus volume fraction under different thrombus entrance shapes (a) L-style, (b) 8-style, (c¢)0-style
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Fig.4 Thrombus volume fraction at different suction flow rates (a) 75 mL/min, (b) 100 mL/min, (c¢) 125 mL/min, (d) 150 mL/min

P i A5 AR 118 B 1] A0 P61 R SR o A PN DA B i A
BE [ A 5% BASOL . I 5 75 mL/min B,
AR R Z2HOE R AFAE T O BT, A #OGE 5 T
M 100 mL/min FF45 , HoCAb 8 I Ae 5 & 2 e b |
#) 150 mL/min WA BEEE A2 5% BE (ULIEL 5) o LU
oy R B BE A R B A MO I A P I Y

Volume Fraction
1.000E+000
8.571E-001
7.143E-001
5.714E-001
4.286E-001 \
2.857E-001
1.429E-001
1.000E-015

(a) 75 mL/min

B 5wk E T midER s HE

(b) 100 mL/min

PRFRAT B S s/ | I A TR RO I e, (A
T e, O AR R T BR
2.3 MiEmREN RN

WFFEAE AR RFE T (0~ 10 em/s) HLAREUR:
R AR U TR AL« 87 A S A il I O
HIE R 100 mL/min, 1 7 J7 5 88 T8 45 0 AR 35

(d) 150 mL/min

(¢) 125 mL/min

Fig.5 Thrombus volume fraction of fluid region in the axial view (a) 75 mL/min, (b) 100 mL/min, (c) 125 mL/min,

(d) 150 mL/min



PhIL7E, %, WU BRI SR B R I B =

LU Licheng, et al. Influence Factors of the Thrombectomy Effects for Mechanical Thrombectomy Devices 293

1202 50 IR AL T A 5 W) JBURS: 8 SRS RO 1Y
BRI LA [) A e R 2 o0 L Y ot 3 7 A=
A

FERMWIR B AN AZ Y 25 AF T, BE A I TR0 IE 3 1) 38
T SURR 285 1) 52 0 22 A2 228 0 s/ ) | B EBCRS: g 1) it
RE 1M TR, MM/ N T 1 em/s SR AT,
B 11 B952 m2EA2R 2 5 omm, B I AP RE A9 If # B
AR | 3 IR A SRR 280 fi D BHARL 5 24 1l VR0 R
KT 1 ems/s B, BUR: O 09 52 0 > 42 B G5 08/ )N, 3
8 em/s 22 J U £ {0 RE A% I JBORE 11 i 30T ) If A T
A BURSOREZE (WK 6) o LBl mdE
PAY I 908 I S BB i 1 IR IR AT B . f) 52 0, B
e AR B 1T AR i 2 1740 1 00 i

20 1 2 3 4 5 6 7 8§ 9 10
I FIE/ (cm-s™)
B 6 MmaRESHKEENXR

Fig.6 Relationship between blood flow velocity and suction ability
3 it

JHE b e U 8 T s A R A BRI
PR AR D F T i A b AR A, DA T 3K 380 5 38 1l 45 4 ©
(), BRI, IS 04 Fh I B T 23 52 i) 25 B %) BBRORS: %%
o ARTHRORRCR AR SO AR Al 0
DA S 3 A I T SE T 52 HUR: 350CR 1Y
FSj= g

BB R R ], T8 BUE 10 IRXT
M A —E 5, B g Rrpal LUE
“LRYEUXE DA SA A o ol A b o AN LY A —
AT 58 4 P A IR 25 SR 5 << 87 AT+ 07 R 4) e At - i o
S RO (1 F (D B (R E R S € N
], 87 BRI F 0" # 7 1 ALAH R i 15 Bl F
“QT RN FEMAE, 0" AU T4 . XFERITE IR 2 7
i 8™ AU 1 1 3 o 4R AR AR 1), B TE g8 BE
T B IR M 07 Y T A K A T IR 2 4 4
YT 43, X RE T A Ok R RE R s, T
W, B T AT PRI ARl M OR 88

WA A8 B A A e T o A P A R SSOR A —
TESUI . A TR I B A R0 I P I A A P
B o BB R FOBE I W g
WSR3 T2 A BRI, Fl N 75 mL/min 25
F] 100 mL/min J& , MU 9 il R 20 56 B S 42 g 5 (HLAE
100 mL/min ZJ& , 4R 8CR JCIA 6 22 53, 1M K4k
W B J LV R ) L2 AR R, X — R 5
SEEIAES S 2 R — B, Rk, I KT
100 mL/min Ji5 , AkS3E I it 52 X0 il A OCR 7 2
THABIR , B2 T 34 2338 B IR 2R B S 0

3BTt A v I RE B ST it A A BR G BT ok
90% , BFEE 1l 4 TCEETE B , 76 i BRI DA 52 H v [m] B
I, Raju AU S 1o 1f 45 P9 BB A (intravascular ultra-
sound, IVUS) R4 28 i MLAREURS J5 AR ZE30 06, &
B 91% ] Hh B BE A Ak B O 22 A VA AR
( catheter-directed thrombolysis, CDT) #t— 3577 A]
K IR BB I R V5 i

[T ERF 007857 PAY XL 908 37 3 T A 0 %) il WA 3 SR 52
Meg AP i LV O T ) 1, SR T S e 2 AR
By /D, BORe A% R RBOR B 22 e A B OR AR
B, R MR B (w< 1 em/s) B UL I & 11 B BBUAR:
RICR I S 0 T M 9 388 05 v P ROk X o 9 3
PEAT R, A AR B8 Bl EL DB 1M 37 2 42 Tl i8R Y
AR,

TEAK BB SE Y, F5 2T LA P 7 i i — 253
B EEN7 SR MU REAY AR SCLA B A8 A I 4 ik
Friaife oy, 5B S MAE M 22 B, AR FT R
T CT BRI T = 48 g 45 2 B S A I AR ) LA
PR IR Z AR A S, @ % &
IREI , FEELSEER Kb el T R O B A7 TE , DK
FE 377 A — e AR Ak X I 38 3 B 7 A s, ROk
I — 2B IS L ) 728 A IR B8 52 )

4 HiE

ASSCAE B CFD ARAEL, 38 A 3 L PN I A AR
IIHC AT LU IR 1R R2 R~ A2, 36 e e A Ok 1
FEAR A B U e LA R AL Y80 I 3 BB AR B 2 Wi
TER] T BUE T B AT AT, o3 Bl SRR, Al it
28 I 0 98 7 3 R o ol VB O A A 4R Tt A ik R 2K
Ao ASCHYNIFE AT BB 1A 52 M HURE ZECR 19 [
R, N Ja SEBRR AR AT A BT LA R PR 26 9 2 1t 52



294

EREMAE $£34% F3H 20956 A
Journal of Medical Biomechanics, Vol. 34 No.3, Jun. 2019

Fio FEJREEWFFEH, n] 45 AR SC SRR AR AL, #5552

B 5 HEA T IO S8, X LU0 FURS A S S SR 2 2R LA
B E 73 BT ) HETf
SE Lk

(1]

[2]

[10]

[11]

BAUERSACHS RM, KRABBE B. Deep vein thrombosis
[M]. Berlin: Springer Berlin Heidelberg, 2015.

B, oklg B [M]. 8 R dbat. ARTE IR
L, 2013.

FONE ) XIEEE, M. Angiodet 13T FIEERIKE 2 M AT AL
=hiltkex[J]. PRSI, 2017, 2(3) :177-179.
DELOMEZ M, BEREGI JP, WILLOTEAUX S, et al. Me-
chanical thrombectomy in patients with deep venous

thrombosis [ J]. Cardiovasc Inter Rad, 2001, 24 (1) . 42-
48.
RIS, SR IMAS A AP MR BRAR [ J]. R B 22 5 0 2

Zik, 2004, 27(2) : 117-120.

PENNATI G, BALOSSINO R, DUBINI G, et al. Numerical
simulation of thrombus aspiration in two realistic models of
catheter tips [ J]. Artif Organs, 2010, 34(4) : 301-310.
RAHAMAN A. Computational fluid dynamics (CFD) simu-
lation for the extraction of blood clot in middle cerebral ar-
tery using ‘ GP’ 2 device [ D]. Perak: Universiti Teknologi
Petronas, 2012.

INSLE, 28 R B
] B AU SRR FE [ J ]
(2): 151-156.

KM, E A R TR DK BURE & 1A 30 o i R A
AR thﬁE%ET-T& 2018, 37(1); 27-33.
B, BFCu, WL, & LIRS BR AR T 2T
Hﬁz%%ﬂ:kmlff%%ﬁw@ﬁx%ﬂﬂ ]. e R, 2015, 95
(48) : 3917-3919.

XIER, B4, i, 4. Angiojet i S48 7E T O H Ik
MR RN [ ] IS5 R L SRR RS, 2016, 2
(2): 112-115.

TR T K e 7)ol i 2 AR 8 11
hE B AR, 2016, 33

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

HUANG CY, HSU HL, KUO TT, et al. Percutaneous phar-
macomechanical thrombectomy offers lower risk of post-
thrombotic syndrome than catheter-directed thrombolysis in
patients with acute deep vein thrombosis of the lower limb
[J]. Ann Vasc Surg, 2015, 29(5) ; 995-1002.
MINKO P, BUCKER A, LASCHKE M, et al. Mechanical
thrombectomy of iliac vein thrombosis in a pig model using
the rotarex and aspirex catheters [ J]. Cardiovasc Inter
Rad, 2014, 37(1): 211-217.
WEINBERG R J, OKADA T, CHEN A, et al. Comparison
of ASPIRE mechanical thrombectomy versus angiojet
thrombectomy system in a porcine iliac vein thrombosis
model [ J]. Ann Vasc Surg 2017, 42 254-262.
D5, g4, SRR, 5. 3 Foa] a0 v e ik k48 2ok U i
ﬁa&ﬂiﬂ’ﬂxfrtb%ffﬁ[ﬂ. B 1%, 2017, 32(3) : 261-
266.
GUO F, FENG HQ, HAN QS, et al. Comparative analysis
on thrombus filtration efficiency for three kinds of converti-
ble vena cava filters [ J]. J Med Biomech, 2017, 32(3):
261-266.
PUHESR , g4y, EMBL, 5. AR SR E KR &%
MY 1 E e RE AL TR 3 12 e B [ ] BE IR 1%,
2015, 30(4) : 304-310.
QIU HR, FENG HQ, WANG WJ, et al. Analysis on biome-
chanical properties and hemodynamics of the vena cava fil-
ters with different numbers of support bars [ J]. J Med Bio-
mech, 2015, 30(4) . 304-310.
U DT BT BB U5 0 BB 1 7 B il )
SPHT L] LR E R (HARER R ) L 2008, 47(1) ; 47-
50.
R, BRWIN, #ER. T BRI LB A AN [R] A 2R
e (4 3 3h 0 2 K B 203 IR [ J]. H S AR
Zea, 2012, 21(4) ; 451-455.
RAJU S, DAVIS M, MARTIN A. Assessment of residual
thrombus after venous thrombolytic regimens [ J]. J Vasc
Surg Venous Lymphat Disord, 2014, 2(2) . 148-154.





