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Comparative analysis on thrombus filtration efficiency for three
kinds of convertible vena cava filters

GUO Fang, FENG Hai-quan, HAN Qing-song, LI Zhi-guo( College of Mechanical Engineering,
Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: Objective To investigate filtration efficiency of convertible vena cava filters on treating pulmonary em-
bolism under the condition of different thrombus diameters and contents. Methods Three kinds of convertible ve-
na cava filter models with different filtering unit structures ( L-style, S-style, W-style) were constructed to numeri-
cally simulate hemodynamics based on computational fluid dynamic (CFD) methods, and their filtration efficiency
was comparatively analyzed under the condition of different thrombus diameters (5, 10, 15 mm) and contents
(10%, 15%, 20% ). Results With the increasing of thrombus diameter and content, the volume fraction of
thrombus distributed on the filter bars increased and the filtration efficiency of the filter became better. When the
thrombus diameter was 5 mm, the S-style filter’ s filtration efficiency was the best as compared with the other two
kinds of filters. When the thrombus diameter was 10 mm, the W-style filter showed the best filtration efficiency.
When the thrombus diameter was 15 mm, the S-style and W-style filter showed the same filtration efficiency,
which was better than the L-style filter. Conclusions The implantation of vena cava filters will cause hemodynam-
ic changes, and its filtration efficiency is not only related to filtering unit structures, but also closely related to the
diameter and content of thrombus. These results provide a theoretical reference basis for the design and clinical
choice of the novel convertible vena cava filter.
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Fig.3 Volume fraction of thrombus with different diameters on L-

style filter (a) 5-mm diameter thrombus, (b) 10-mm diameter

thrombus, (c¢) 15-mm diameter thrombus
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Fig.4 Distribution of thrombus with different content on L-style

filter (a) 10% content thrombus, (b ) 15% content

thrombus, (c¢) 20% content thrombus

F1 3 MBS EHMEHRXERSE

Tab.1 The maximum volume fraction of thrombus on three kinds

of filters
RRIEFII L %
Jfil ¥ LA/ mm
5 L #Y 30 0
S #l 30 20
W Y 10 20
10 L #Y 40 30 = 10
S #l 40 2% 0 30
WY 40 40
15 LAY 40 30
S 40 40
WY 40 40

3 Fhugas BRI A ESLUNIEL S Brs o it
FAEN S mm ], S YGRS IEAT T 1 i 04 e A LA A

BUPEUA S L RE A8 AR TR, ELARAE PS8 AT L ik 2
THEKRAE, B0 30% o FERERTHY S BIL5H L i iR
SRGRE] T 20% 8L KT L ALE AR UE AT L 3 v Y
PRBLUr B, WL A% DB AT R 90 g 04 R B O RO
10% , B2 e b o 7eug AT W BSZ5 K 1 i
fer sl S BIRE AL, e RAR B Bk B T
20% o MLL L5 He oA ml R, S TR i 45 B i D8 ACR
el

MRS B4R 10 mm i, L RIS ZFUEAT T 17 s A
R MBI RON 40% , b s (4 W S e AT 1 2
A 10% , HiAtL 6 ANUEFT L3904 30% o S BIPEAR IR
ZHRCUEF T Wes b BT BRI AR R
1ANIEAT 1IR3 T 5 RAA 40% o X ARG xR IR U8
T IERCR . S USSR REIAE] T 30% . W
T8 A DEAT T Y s A I 2420 M o3 A A b Bk
BT R 40% . W U5 H) b RAEIRF T
40% o WALL_EXFEE oA ml i, W RS 45 09 i DB RCR
U o

MAREAE N 1S mm B, A2 5] o3 A 7E 3 Fif
DB AR B UEAT T Ui 3 , foe KR AR - I8 5] T 40% .
MARY Jy oA e S F W BIS5H b, e RARFR I %
B0 40% , IF HRT L BIgE & b % A9 A A0 £
P, W B a8 1 i CR 5 S BUARTR], ¥ HE L 2
3 itit

IEARIATT PE B 32 B AT o B R o o0 ik 2k
AR, AT By Lk i A 5 7 BT Bl ik o AEAS ) B
FEFIANTR] S A T, S B B AR AN R . AR
T (L U8R ) T F Rt g ik 8 e 1) 5 7 A
TUEAF R st TR mE S UERE Sy, AU B
RUNEAT 9 Lo i it 7 S W BIZSHY , 43 B B ATTHE
AFEA A S A T A R AOR O S HR LR
THATXS o HRAR IR .

(1) e AR JE fed PERORA —E MR
W I ELAR A3 O, DR B AT b 4 1 A Ok Y
G217 o O N SO A G i e NP S T 1 2
FLASHOR, DB AR 10 I U RCR ML

(2) M 5 FE X g A RO A — % 13



B 35,%. 3 MR e a bk R T iR AR B R A X L 247

GUO Fang, et al. Comparative analysis on thrombus filtration efficiency for three kinds of convertible vena cava filters 265

9.69E-001 9.67E-001
l8.72l:'—00| I 8.70E-001
7.75E-001 7.74E-001
6.78E-001 6.77E-001
5.81E-001 5.80E-001
4.84E-001 4.84E-001
I 3.87E-001 I 3.87E-001
2.91E-001 2.90E-001

1.94E-001

1.90E-001
I 9.69E-002
6.38E-020

| 9.67E-002
5.03E-020

9.64E-001
l 8.50E-001
7.63E-001
6.68E-001
5.73E-001
4.77E-001
I 3.82E-001
2.66E-001
1.91E-001

I 9.54E-002
2.08E-020

(a) IMEEAS mm

I 9.99E-001 9.96E-001

8.88E-001 '8.80[:—001
T .

7.99E-001 7.96E-001

6.99E-001 i \ 6.97E-001 ‘ <
5.99E-001 [[ 5.97E-001 e

IS,()UE-UOI I4.98[I—001

0 0

* R v
4.00E-001 k "\\ ) 3.98E-001 K R
3.00E-001 2.99E-001
2.00E-001 \J\/ 1.99E-001
l 9.99E-002 I 9.96E-002

- S 2.91E-001 ) S
\ l \/ 1.94E-001 \\—/]\/
e I 9.72E-002

9.72E-001
I 8.74E-001

; \ 7.77E-001
™~ 6.80E-001

! 5.83E-001 \ G ‘
I 4.86E-001 A

— ‘?7 W—
3.89E-001 / | \
J ¢

0

(b) M2 HAE 10 mm

9.98E-001 1.00E-000
' 8.98E-001 ' 9.00E-001

7.99E-001

\
8.00E-001

7.00E-001 /

6.00E-001 \

S.00E-001
' 4.006-001 |

{

6.99E-001
5.99E-001

C——
-‘—\‘-v/

I 4.99E-001
3.99E-001
3.00E-001

2.00E-001
I 9.98E-002
0

5 3 MiESHmESmEE
Fig.5 Distribution of thrombus on three kinds of filter

3.00E-001

/\’\

(c) Iffe

thrombus

A o Bt LA 7 St 38, D 2 DR AT 1 I A AR R
BB 2 3G R, I HLAE SCHE ROR I A5 RE T 1% i A
B AR 2 3, PRI, e 5 i 22 | JE AR i i
UEAACR RGBS T 1 B KB ZE B4

(3) PHARUE RS AL S AT 254, AE A B W 4 ) i
VERCR . MR B AR 5 mm B, 5 A R E A
FHLG, S Y 8 25 19 3k U8 RO A 45 Y i A ELAR R
10 mmF, W Y828 (1) 18 8 3R B 5 1717 244 1l ELAR
Ay 15 mm B ,S 5 W A YE Z8 09 1 S8 R LA A ],
#BLE L RIS R A i DR AR 4 o

UE A A FE TR SR A TR R AL, 25 ) 1 D
A AR TE DR A S AT I A5 1 T 42 i X
PR Oy A RET R RE T K, 55l
S WS e K BHL%E

AR S AN T S R D L A AR AR A BARRE A | N i

e 8.99E-001
/ | \\ 7.99E-001

2.00E-001 {
I 1.00E-002 \
0

l 9.99E-001

i
" | )
N 6.99E-001 R \
2] |
\ / f 5.99E-001 | A |
\/ / : N\ /
\ n{ I4,‘)‘)I,—(l()\ —N————
\ 3.99E-001 ( \
S d 3.00E-001 \
| / 2.00E- | "
_../\-.‘,/ I 9.99E-002 \ ,\__’_/
0
B 15 mm

(a) 5-mm diameter thrombus, (b) 10-mm diameter thrombus, (c¢) 15-mm diameter

AR IR AR S 1 TR AL BY 5 BRI P K il 5t
%&#jﬂﬁﬂﬂiﬁ,xﬁﬁﬁ?é%llmﬂ?fﬁmo N T %L
(ERLLL ST T S S 0, AT AR P45 Bl 4
AR ST SR S A A AR A B T B AR Y
e PRI 5 il

4 ZHiE

RS AL AR T A BB AU A B, g A5 Y A
AT Eh ) O, B R SRR AN i
IEEAILEE R O , 0 15 A 5 e LA AR RN
DIAEOG . PRI, 38 5 A ) ) A 55 5 B AR R/ ok
VERRIE AR A B OCH 2 Il A SCIFFE A5 AR T LU
W RS T g AN TR ] A T R DK DB S R AN R 264
A B RICR , S LA i R e B i e PR e 42 it
SRR IS ATGTT T AR BRI ALY Bl



EREYMANFE H32% FE3H 201756 B

266 Journal of Medical Biomechanics, Vol. 32 No.3, Jun. 2017
[12] X2, ZE3C, MM, 55. A Ik ST IRES (1 SE e T
S 2Tk FEL CL/755 N v B/ A AR % R 22 i O LA
= .
[s.n.], 2008 367-369.
) ‘ [13] ZHOU D, SPAIN J, MOON E, et al. Retrospective review
(1] et JUHRTE, I Al [T i i Bk % 1 i PR 2 FH F ¢ lect inferi il iovals. Expei
GBI IRk 2014, 42(2): 198202 of 120 celect inferior vena cava filter retrievals. Experience
Juit CIARTRR AN ’ : ’ at a single institution [J]. Vasc Interv Radiol, 2012, 23
[2] STAVROPOULOS SW, GE BH, MONDSCHEIN JI, et al.
(12) : 1557-1563.
Retrieval of tip-embedded inferior vena cava filtersby usin R o e o e
e ph_ . R ) yu |g (147 BFUDE, ZEHERR. AT [T 0 K 2 B0 AR A 56 9 % S
e endobronchial forcepstechnique : Experience at a single . e
e o P que: Exp 9 PHLJ . EBREE2E RN 32k, 2016, 39(2) ; 120-122.
instituti . i 2015, 275(3) : 900-907.
23 Icl; fon [J]. Ra (':;gy’ o (3): [15] LE BLANCHE AF, RICCO JB, BONNEAU M, et al. The
3 INGER MA, WANG SL, DIACHIN DP, et al. Desi ti-
[3] ’ ’ » et ak Lesign opt optional VenaTech( TM) Convertible (TM) vena cava fil-
mization of vena cava filter an application to dual filtration . . .
ter. Experimental study in sheep [ J]. Cardiovasc Intervent
devices [J]. J Biomech Eng, 2010, 132(10) ; 1-10. ,
G SL. SING Radiol, 2012, 35(5): 1181-1187.
4 WAN L, SINGER MA. Toward an optimal position for NN . P JRNN
- inferi fiters. G ational P del P fthe [16] Hifg4, dKak, TEKHI, 5. — RS R A i il e il g
inferior vena cava filters: Computational modeling of the im- FKIE 2% . P L 201210424745, 1] P]. 20130227,
act of renal vein inflow with celect and trapease filters . N . s
pJ e 3"74 [17] e, 9K, EKRI, . — R B R 1 T R
[OJ-C asc Interv Radiol, » 2103): s Helkue sy P E, 201220564114.5 [P]. 2013-04-17.
5] LORCH H, DALLMANN A, ZWAAN M, et al. Efficacy of o o R
- ¢ and retrievabl i Exoeri yt | (18] T30, TRERl. 5 B S 25 5009 Sl kI8 1 ¥ Bl 3 2 5 i /)
ermanent and retrievable vena cava filters: Experimenta " . _ N
e HAETFEL ). IEFIAE B A%, 2010, 25(5) ; 344351,
studies and evaluation of & new device [ J]. Cardiovasc In- FU WY, QIAO AK. Numerical research of hemodynamic
tervent Radiol, 2002, 25(3) : 193-199. . . A
effects on internal carotid aneurysm with five types of stents
[6] YALLAMPALLI S, IRANI Z, KALVA SP, et al. Endovascu- .
. ‘ [J]. J Med Biomech, 2010, 25(5) : 344-351.
| | t " trap Ease" inferi
arremoval of & permanent “rap =ase inlerior vena cava 91 SASTRY SP, KIM J, SHONTZ SM., et al. A computational
filter [ J]. Vasc Endovascular Surg, 2013, 47 (5). 379- . )
method for predicting inferior vena cava filter performance
382.
on a patient-specific basis [ J]. J Biomech Eng, 2014, 137
[7] LEASK RL, JOHNSTON KW, OJHA M. et al. In vitro he- 1) 143
modynamic evaluation of a simon nitinol vena cava filter; ( . : " . ]
. ! . [(20] fLdksk, mWifg4e, FMEH, . AR STEFFECE KRS 1Y
Possible explanation of IVC occlusion [J]. J Vasc Interv bt N o -
2 RSP J]. % 2015
Radiol, 2001, 12(5) ; 613613. Y I RE RN B S A [ ] B A % ,
[8] JOHNSON MS, NEMCEK AA JR, BENENATI JF, et al. 30(4) : 304-310. . _
The safety and effectiveness of the retrievable option inferi- QU HR, FENG HQ, WANG WH, et al. Analysis on bio-
or vena cava filter. A United States prospective multi center mechanical properties and hemodynamics of the vena cava
clinical study [J]. J Vasc Interv Radiol, 2010, 21 (7). filters with different numbers of support bars [J]. J Med Bi-
1173-1184. omech, 2015, 30(4) : 304-310.
[9]  F/NT, 180 3T AT e fb ekt 2 1 Jis e kg 22 [ J ). (217 JERaR. I s AR S B AR G D [ J ] PEAER
[ 220 T RRRFSE SR FRREA 2011, 15(12) ; 2133-2137. F: HIAFHFERR, 2006, 36(3) : 356-359.
[10] ZRgeif], Br ik, BH%. Fp ks s m by i 2 5 H O (22]  BRuE, FREPh, AF3CTF. A I B A5 M S 28R HE S)

[11]

KAE[J]. A AT A2 75, 2009, 18(12) ; 900-903.
CONTRACTOR S, ESMAEILI A, REINA D, et al. Incom-
plete deployment of the Vena Tech LP filter case series and
concerns [ J]. Vasc Endovascular Surg, 2011, 45(4) .
345-351.

Jikose e i LR 3 32 S EUERL L] A 1%, 2013,
28(2) . 148-153.

ZHANG ZZ, QIAO AK, FU WY. Hemodynamic simulation
of vertebral artery stenosis treated by stents with different
links [J]. J Med Biomech, 2013, 28(2) . 148-153.



