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Numerical Analysis of the Mechanical Properties of
the Greenfield Inferior Vena Cava Filter
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A vena cava filter is a device inserted percutaneously into a major vein to prevent a blood clot
from entering the lungs. A thrombus clot traveling to the lungs is called a pulmonary embolism.
Many types of vena cava filters, such as the Greenfield filter, are available. Although their insertion
seems to be a safe and effective method to prevent recurrence of pulmonary embolisms, patients in
whom the filter has become tilted may experience pulmonary embolism recurrence because of a
decrease in the filter’s thrombus-trapping performance. However, there are little quantitative data
about the mechanical properties of these filters, such as the ease of filter delivery. In this study, we
therefore evaluated the mechanical properties of the Greenfield filter by numerical analysis. This
model of filter is constructed with viscoelastic springs and segments for the dynamic deformation of
a flexible structure. The blood vessel is an elastic tube. The contact forces between the filter and
the vessel are calculated according to the stiffness and friction of the vessel wall. Using these models,
the position and the configuration of the filter were calculated to represent the deployment of a
Greenfield filter inside the blood vessel and its prsence for a fixed time under a constant force. When
the introducer catheter does not align with the axis of the vena cava, the inserted filter tilts. When

the filter does not expand uniformly, the inserted filter tilts as well.

Key Words: Medical Equipment, Numerical Analysis, Flexible Strucure, Simulation, Medical and
Welfare Assistance, Inferior Vena Cava Filter, Deep Vein Thrombosis, Pulmonary

Embolism
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Fig. 1 Placement of inferior vena cava filter
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Fig. 2 Appearance of Greenfield inferior vena cava
filter
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Table 1 _Parameters of filter model for simulation

R,, (mm) 0225
R (mm) 0.875
E,, (GPa) 22
D,, (N * m - sec/rad) | 0.005
L, (mm) 4,43
Ly (mm) 2

n 25

Segment 7 -

Fig. 3 Dimensions of filter model (unit: mm)
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Vena cava filter

= Blood vessel

Fig. 4  Simulation model (vena cava filter, catheter and
blood vessel). The diameter of the blood vessel

is 20 mm.
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Table 2 Friction force to move Greenfield filter in pipe
Pipe material | Push (N) | Pull (N)
Acryl 0.4 0.2
Silicon rubber | 0.4 14

Table 3 Parameters of vessel model for simulation
R, (mm) 10
K,(N/mm>/2) | 32
Ky(N/mm) 32
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Fig. 5 Insertion procedure
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Fig. 6 Difference between the centers of blood vessel
and head after deployment of filter
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Fig. 7 Distribution of contact force after placement of
filter
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Fig. 8 Trajectory of head and wire tip (case 1-1)
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Fig. 9 Trajectory of head and wire tip (case 2-1). This
filter does not expand uniformly.
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Fig. 10  Appearance of filter after deployment (case 2-
1). This filter does not expand uniformly. The

arrow points to the wire which cannot expand.

Ay FOMBAMEFLNSTNTHE (K9), H,
THEINGZ LW ah 5 (K10). —7, IEFEICHEE
LEWIEETE, BEND S & 21T (& 2-2), Ny
RofiET B/ hE<ko7z (K6) .

THIC, AV AT a—Y—hT—7/)VEmEICH
LT 10° HWZREETHIR L T 7 4 V2 —EBHR DL
BAOFEERNT G&HF3) . £9, BEET LORE
T, AT—TIVEEFTHEA Lz EDNy ROMmE
LA B DT NORREZLZRT GefF3-1, 1D .
BEBEMNIR VIS (GRfF 3-1D, Ny RPMEDOR.LIC
Bo TOSBEFHINS. —77, TA Vi ERA
HHEE G 32, 74V EZ—=HFHRLERES
ETEHELT (K1), RENCEWZIREEZ #ER
LTHEENE (K12) . TOEZOKREE (i@
FNA 4.3mm) FERERT LENEDIC RS, &
fo, EWTRER, U Vi & s & oA A X
{, R—=ciz->lz (K7 . TDOEEDT A Vi
DIEF LN S DR OFRFZ(LZK 13 1ZRT. T
OSBRI R T BT AT (wired) (X, FHEED
—EEE TEINL%R, 2RI LTS (KFRT
FoR) . TUITOTAYHRMERE THE-> TV 5
TLEERRLTWS. EBIT, TOXIICRINCERL
eI A Y h—ERQR-Tzh &, 6 ROTAVHIZIE
FIRHC MERBECHEAL T 5. 2Ok, T4 )bEZ—
DIEEDHT—T IVDIEEICHNRNTNE L Irofc b E
Abhb.

Fle, ATF—FINEMEOHF.LA Smm TNTVS
BE G 4-1, 42), BEOH B LICEDLT
Ay ROMEFLNSDFTNINE o7 (K6). T
D& EDT A YD ME H.LH S DFEBEORRZL
ZE1SICRT. K, |NCEMLUIZT 7Y (wire
1, ATER) &, —F, BmmcBiiakEh, 20

6
-
£ L
R
© L e Without fricti
g 3 \V/ 1 u' I"IC on
o . —— With friction
£ 2
@]
1 o
0 I I L --';“"""
0 2 4 6 8 10
Time (sec)
Fig. 11  Transition of difference between the centers of

head and blood vessel inserted through tilted
catheter (case 3-1, 3-2)
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center of the blood vessel (case 3-2). The filter

was inserted through tilted catheter.

Fig. 14  Appearance of filter after deployment through
catheter whose axis is not same as that of blood
vessel (case 4-1)
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center of the blood vessel (case 4-2). The axis
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vessel
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