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(54) A VASCULARFILTER

(57)  An inferior vena cava filter (340) for use in the
inferior vena cava (4) to capture thrombus (8) passing
through the inferior vena cava (4) towards the heart and
lungs to prevent pulmonary embolism comprises a prox-
imal support hoop (302), a distal support hoop (312) and
a plurality of support struts (303) extending between the
proximal support hoop (302) and the distal support hoop

(312). Thefilter (340) also comprises a plurality of capture
arms (121) which are movable from a capturing config-
uration to an open configuration. The capture arms (121)
are biased towards the open configuration. A biodegrad-
able suture holds the capture arms (121) in the capturing
configuration.
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Description
Introduction

[0001] This invention relates to a vascular filter. In one
particular embodiment this invention relates to an inferior
vena cava filter.

[0002] It is known to implant a vena cava filter in the
vena cava to prevent thrombus entering the right atrium.
They have been in use clinically for a number of years.
The use of filters implanted in the inferior vena cava is
for the prevention of pulmonary embolism in high-risk
patients.

[0003] Deep vein thrombosis (DVT) and pulmonary
embolism (PE) are common medical conditions that con-
tribute substantially to individual patient morbidity and
mortality as well as global healthcare costs. DVT devel-
ops within the deep veins of the lower extremities but
also caninvolve or arise solely from the veins of the pelvis
or the upper extremities. When blood clots float from a
large vein in the lower body through the vena cava to the
heart and lungs they may cause pulmonary embolism
(PE). Because DVT and PE share a common pathophys-
iology and frequently occur together they are currently
being perceived as two points on the continuum of a sin-
gle disease process identified as venous thromboembo-
lism (VTE).

[0004] Experts estimate that pulmonary embolism
(PE) affects over 1.2 million people in the US and Europe
every year. The highest recognized incidence of PE oc-
curs in hospitalized patients, with 60% of hospitalized
patients having had a PE. However, the diagnosis of PE
is missed in approximately 70% of those patients. PE is
the third leading acute cardiovascular cause of death in
the developed world accounting for approximately 10%
of in-hospital deaths. In spite of the potentially disastrous
outcomes, not all surgical patients receive appropriate
protection. This is in part due to the fact that current treat-
ments are not ideal. There are two broad categories of
vena cavafilters: permanentandretrievable. Permanent-
ly implanted devices can migrate and their clinical use is
not preferred in younger patients. Retrievable filters can
be notoriously difficult to remove and the additional in-
tervention poses risks to patients.

[0005] Common clinical risk factors for DVT and PE
include age older than 50 years, prolonged immobiliza-
tion because of iliness, travel or surgery, oestrogen ther-
apy, pregnancy and malignancy among others. A genetic
predisposition has also been suggested.

[0006] Candidates for inferior vena cava (IVC) filter
placement are typically evaluated for the presence of low-
er-extremity DVT and/or PE. Imaging methods used to
document the presence of lower-extremity DVT include
ultra sound and peripheral venography. PE can also be
diagnosed by using nuclear medicine ventilation-per-
fusion scans. Although pulmonary arteriography remains
today’s criterion standard for confirmation of diagnosis,
an increasing number of centres are using helical com-
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puted tomography (CT) to evaluate patients in whom PE
is suspected. Magnetic resonance angiography (MRA)
of the pulmonary vasculature is also performed as an
alternative diagnostic imaging technique.

[0007] Inferior vena cavography is currently the mo-
dality used most commonly to assess the inferior vena
cava (IVC). Access to the IVC is typically achieved via a
left or right femoral vein or via the right internal jugular
vein. Ultrasound may be used to guide the puncture.
[0008] Although the indications for IVC filter placement
have expanded over the years, a DVT or PE in a patient
with a contraindication for anticoagulation therapy re-
mains the most frequent indication, accounting for 65%
of patients undergoing IVC filter placement. Insertion of
a vena cava filter is indicated for patients who:

Cannot receive medications that can dissolve the
clot

Have a thrombus in a deeply situated vein
Experience complication of anticoagulation therapy
such as bleeding

Experience failure of anticoagulation therapy to pre-
vent pulmonary embolism

Have an embolus in the lungs removed (pulmonary
embolectomy)

Have arecurrent embolism while receiving adequate
medications

Have significant bleeding complications during anti-
coagulation

[0009] The inferior vena cava (IVC) is the largest ve-
nous structure in the body. It drains the venous return
from the lower extremities, pelvis, and abdomen into the
right atrium. Before filter placement, an inferior vena ca-
vogram is obtained to assess caval diameter and paten-
cy, the extent of thrombus and to understand the pres-
ence of any venous anomalies.

[0010] Filters can be placed by either a femoral or jug-
ular approach. The basic principle for femoral insertion
is to choose the side that has patent and preferably
thrombus-free veins. Right femoral puncture is prefera-
ble because there is less angulation in the iliac veins. A
careful left femoral approach may be successful if a right-
sided puncture is contraindicated. A jugular approach
can be used when there is inferior vena cava or bilateral
iliofemoral thrombosis. For the femoral approach, the
common femoral vein is punctured, while for the jugular
approach, the puncture site is at the internal jugular vein.
Another inferior vena cavogram is performed after filter
placement to check the position and stability of the filter.
[0011] This invention is aimed towards providing an
improved vascular filter.

Statements of Invention

[0012] According to the invention there is provided a
vascular filter comprising:-



3 EP 3 338 735 A1 4

one or more capture members for capturing throm-
bus passing through a blood vessel; and

one or more support members for supporting the one
or more capture members relative to a wall of the
blood vessel.

[0013] By capturing the thrombus, the filter prevents
the thrombus from passing to the heart or lungs, which
may cause pulmonaryembolism.

[0014] By supporting the capture members this en-
sures that the capture members are maintained in the
desired location in the blood vessel.

[0015] In one embodiment of the invention the support
member is configured to extend circumferentially around
awall of ablood vessel. The support member may extend
circumferentially in a wave pattern. The support member
may extend circumferentially in a zigzag pattern. The
support member may extend circumferentially in a crown
pattern. The support member may extend circumferen-
tially in a sinusoid pattern. The wave / sinusoid pattern
of the support member facilitates collapse of the support
member for ease of delivery and/or retrieval through the
blood vessel. The support member may be configured
to extend longitudinally along a wall of a blood vessel. A
distal end of the support member may be located distally
of a distal end of the capture member. A proximal end of
the support member may be located proximally of a prox-
imal end of the capture member. The filter may comprise
a first support member configured to extend circumfer-
entially around a wall of a blood vessel, a second support
member configured to extend circumferentially around
the wall of the blood vessel, and a third support member
configured to extend longitudinally along the wall of the
blood vessel. The third support member may connect the
first support member to the second support member. The
first support member, the second support member and
the third support member may be formed integrally. The
first support member may be provided at the proximal
end of the filter. The second support member may be
provided at the distal end of the filter.

[0016] In one case the support member comprises a
body portion and one or more openings in the body por-
tion. The openings in the support member facilitate tissue
ingrowth. A drug coating may be added to the structure
to manage the tissue response at and near the site of
implant. This may take the form of a polymer or metal
coating containing the pharmaceutical that releases the
drug in a controlled manner or a separate or integral
sleeve that covers the entire device and is implanted be-
tween the device and the vena cava. This sleeve may be
biodegradable or bio-resorbable. The support member
may comprise a mesh. The support member may com-
prise a trellis.

[0017] In another embodiment the support member
comprises an anchor member. The anchor member may
be configured to be embedded at least partially into a
wall of a blood vessel. The anchor member may comprise
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a barb element. The anchor member may be configured
to be removed from a wall of a blood vessel. The anchor
member may be configured to be removed from a wall
of a blood vessel upon application of a removal force in
a direction substantially parallel to the longitudinal axis
of the blood vessel. At least part of the anchor member
may be biodegradable and/or bioabsorbable.

[0018] Inanothercase atleastpartofthe support mem-
ber is biodegradable and/or bioabsorbable.

[0019] Inone embodimentthe support memberis mov-
able between a delivery configuration and a deployed
configuration. The support member may be collapsed in
the delivery configuration. The support member may be
expanded in the deployed configuration. The support
member may be biased towards the deployed configu-
ration.

[0020] Inone case at least part of the capture member
is biodegradable and/or bioabsorbable. All of the capture
member may be biodegradable and/or bioabsorbable.
[0021] Inanother case the capture member comprises
one or more predetermined failure points. This enables
controlled biodegrading/bioabsorbing of the capture
member. The capture member may have a designed in
reduced tensile strength failure point. The capture mem-
ber may comprise one or more openings through a wall
of the capture member at the failure point.

[0022] In one embodiment the filter comprises one or
more linking members to link one capture member to an
adjacent capture member. At least part of the linking
member may be biodegradable and/or bioabsorbable.
[0023] In another embodiment the capture member is
attached to the support member. The capture member
may be attached to the support member in a snap-fit ar-
rangement. Part of the capture member may be wrapped
around the support member. The capture member may
be provided integral with the support member.

[0024] Inone case the capture memberis movable be-
tween a capturing configuration and an open configura-
tion. The capture members may remain in the capturing
configuration while there exists a risk of thrombus. When
the risk of thrombus passes, the capture members may
then move to the open configuration. Thus it may not be
necessary to retrieve the filter from the blood vessel. The
capture member may be biased towards the open con-
figuration. The filter may comprise a holder member to
hold the capture member in the capturing configuration.
Atleast part of the holder member may be biodegradable
and/or bioabsorbable. The holder member may comprise
a coil around at least part of the capture member. The
holder member may comprise a tube around at least part
of the capture member. The holder member may be per-
manent, removable or bioabsorbable. The holder mem-
ber may extend through an opening in the capture mem-
ber. The holder member may comprise a suture. The
holder member may comprise one or more predeter-
mined failure points. This enables controlled biodegrad-
ing/bioabsorbing of the holder member. The holder mem-
ber may have a reduced tensile strength at the failure
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point. The holder member may comprise one or more
openings through a wall of the holder member at the fail-
ure point.

[0025] Inanother embodimentthe capture member ex-
tends towards an apex. In the capturing configuration,
the capture member may extend towards the apex. The
apex may be substantially in-line with a longitudinal axis
extending through the centre of a blood vessel. The apex
may be substantially offset from a longitudinal axis ex-
tending through the centre of a blood vessel. The offset
apex may result in the captured thrombus being offset
from the centre of the blood vessel. Thus blood flow
through the blood vessel may be enhanced. Two or more
of the capture members may engage one another at the
apex. An end of afirst capture member may be configured
to nest with an end of a second capture member at the
apex. The capture member may extend in the direction
of blood flow through a blood vessel. The capture mem-
ber may extend in a direction opposite to the direction of
blood flow through a blood vessel. The capture member
may extend in a spiral towards the apex. At least part of
the capture member may extend in a curve. The convex
portion of the curve may face radially outwardly. The con-
cave portion of the curve may face radially outwardly.
[0026] Inanotherembodimentthe capture memberde-
fines a capture region within which thrombus may be cap-
tured. In the capturing configuration, the capture member
may define the capture region. The capture region may
be configured to be located in the region of the centre of
a blood vessel. The capture region may be configured to
be located in the region of a wall of a blood vessel. By
locating the capture region in the region of the blood ves-
sel wall, this may enhance blood flow through the blood
vessel. The capture region may be substantially annular
shaped. The capture region may be substantially coni-
cally shaped. The capture region may be substantially
cylindrically shaped.

[0027] Inone case the capture member is movable be-
tween a delivery configuration and a deployed configu-
ration. The capture member may be collapsed in the de-
livery configuration. The capture member may be ex-
panded in the deployed configuration. The capture mem-
ber may be biased towards the deployed configuration.
[0028] In another case the filter comprises one or more
tensioning members to tension the capture member. The
tensioning member may be movable between a capturing
configuration and an open configuration. The tensioning
member may be biased towards the open configuration.
The filter may comprise one or more connecting mem-
bers to connect the tensioning member to the capture
member. At least part of the connecting member may be
biodegradable and/or bioabsorbable.

[0029] In another embodiment the filter comprises one
or more balance members extending in the opposite di-
rection to the capture member. In a filter configuration
the one or more balance members may extend in the
same direction as the capture member. The balance
member may be attached to the support member. Atleast
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part of the balance member may extend in a curve. The
convex portion of the curve may face radially outwardly.
[0030] In one case the filter comprises a vena cava
filter. The filter may comprise an inferior vena cava filter.
[0031] Inanother aspect the invention provides a vas-
cular filter assembly comprising:-

a vascular filter of the invention; and

a delivery device for delivering the filter to a desired
location in a blood vessel.

[0032] Inone embodiment of the invention at least part
of the delivery device is movable between a delivery con-
figuration and a deployed configuration. At least part of
the delivery device may be collapsed in the delivery con-
figuration. At least part of the delivery device may be
expanded in the deployed configuration. The delivery de-
vice may be inflatable. The delivery device may comprise
a balloon member.

[0033] In one case the delivery device comprises a
cover member to at least partially cover the filter in the
delivery configuration. The cover member may be mov-
able relative to the filter to uncover the filter in the de-
ployed configuration. The cover member may comprise
a sheath.

[0034] In a further aspect of the invention there is pro-
vided a vascular filter assembly comprising: -

a vascular filter of the invention; and

a retrieval device for retrieving the filter from a loca-
tion in a blood vessel.

[0035] Inone embodimentoftheinvention the retrieval
device comprises an engagement member for engaging
the filter. The retrieval device may define a reception
space for at least partially receiving the filter. The en-
gagement member may be movable relative to the re-
ception space to at least partially receive the filter in the
reception space.

[0036] According to another aspect of the invention
there is provided a method of treating a blood vessel, the
method comprising the step of deploying a vascular filter
at a desired location in the blood vessel, the filter captur-
ing thrombus passing through the blood vessel.

[0037] Inone embodiment of the invention the method
comprises the step of delivering the filter in a delivery
configuration to the desired location in the blood vessel.
At least part of the filter may move from the delivery con-
figuration to a deployed configuration at the desired lo-
cation in the blood vessel.

[0038] Deployment ofthe filter may embed at least part
of the filter into a wall of the blood vessel.

[0039] Inone case atleast part of the filter moves from
a capturing configuration in which thrombus passing
through the blood vessel is captured, to an open config-
uration.
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[0040] The method may comprise the step of retrieving
the filter from the blood vessel. The method may com-
prise the step of removing the filter from the wall of the
blood vessel. A removal force may be applied in a direc-
tion substantially parallel to the longitudinal axis of the
blood vessel to remove the filter from the wall of the blood
vessel.

[0041] In one case the invention provides a method of
treating the vena cava. In another case the invention pro-
vides a method of treating the inferior vena cava.
[0042] IVC filter placement may be used as a prophy-
lactic means for preventing PE in patients at high risk for
thromboembolic events. The invention in suit greatly aids
the use of filters during a period of high risk for throm-
boembolic events.

[0043] The filter of the invention can be used either
permanently, or temporarily with subsequent retrieval or
conversion for PE prevention. If the filter is left in place,
it functions as a permanent IVC filter. Alternatively, the
filters may be retrieved once the duration of PE prophy-
laxis has been achieved.

[0044] The invention provides in one particular case a
retrievable and / or bio-resorbable filter.

Brief Description of the Drawings

[0045] The invention will be more clearly understood
from the following description of some embodiments
thereof, given by way of example only, with reference to
the accompanying drawings, in which:

Fig. 1 is an isometric view of a vascular filter accord-
ing to the invention;

Fig. 2 is an end view of the filter of Fig. 1;

Fig. 3 is an isometric view of a support member of
the filter of Fig. 1;

Fig. 4 is a developed, plan view of two capture mem-
bers of the filter of Fig. 1;

Figs. 5 to 9 are partially cross-sectional, side views
of the filter of Fig. 1, in use;

Figs. 10 to 12 are views similar to Figs. 1 to 3 of
another vascular filter according to the invention;

Fig. 13 is an isometric view of another vascular filter
according to the invention;

Fig. 14 is an end view of the filter of Fig. 13 in a
delivery configuration;

Fig. 15 is an end view of the filter of Fig. 13 in a
deployed configuration, in use;

Figs. 16 and 17 are isometric views of support mem-
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bers of other vascular filters according to the inven-
tion;

Figs. 17(a) and 17(b) are side views of capture mem-
bers of other vascular filters according to the inven-

tion;

Fig. 18 is an isometric view of capture members of
another vascular filter according to the invention;

Fig. 19 is an end view of the capture members of
Fig. 18;

Fig. 20 is a plan view of one of the capture members
of Fig. 18;

Fig. 21is an end view of capture members of another
vascular filter according to the invention;

Figs. 22 and 23 are isometric views of further vas-
cular filters according to the invention;

Figs. 24 to 26 are views similar to Figs. 1 to 3 of
another vascular filter according to the invention;

Fig. 26(a) is an isometric view of another vascular
filter according to the invention;

Fig. 26(b) is a side view of the filter of Fig. 26(a);
Fig. 26(c) is an end view of the filter of Fig. 26(a);

Fig. 26(d) is a side view of the filter of Fig. 26(a) in
a capturing configuration, in use;

Fig. 26(e) is an end view of the filter of Fig. 26(d) in
the capturing configuration, in use;

Figs. 26(f) and 26(g) are views similar to Figs. 26(d)
and 26(e) of the filter of Fig. 26(a) in an open con-

figuration, in use;

Fig. 26(h) is a view similar to Fig. 26(d) of another
vascular filter according to the invention;

Figs. 26(i) and 26(j) are views similar to Figs. 26(b)
and 26(c) of another vascular filter according to the
invention;

Fig. 26(k) is a side view of part of the filter of Fig. 26(i);
Fig. 26(l) is an end view of the part of Fig. 26(k);

Fig. 26(m) is an enlarged, end view of the part of Fig.
26(1);

Figs. 26(n) and 26(o) are enlarged, end views of
parts of the filter of Fig. 26(i);
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Figs. 27 and 28 are views similar to Figs. 1 and 2 of
another vascular filter according to the invention in
a capturing configuration;

Fig. 29 is an isometric view of capture members and
a support member of the filter of Figs. 27 and 28 in
an open configuration;

Fig. 30 is an isometric view of a holder member of
the filter of Figs. 27 and 28;

Fig. 31 is an isometric view of a holder member of
another vascular filter according to the invention;

Figs. 32 to 36 are partially cross-sectional, side views
of the filter of Figs. 27 and 28, in use;

Figs. 37 to 39 are views similar to Figs. 27 to 29 of
another vascular filter according to the invention;

Fig. 39(a) is an isometric view of another vascular
filter according to the invention in a collapsed deliv-

ery configuration;

Fig. 39(b) is anisometric view of the filter of Fig. 39(a)
in an expanded deployed configuration;

Figs.40to44 are partially cross-sectional, side views
of the filter of Figs. 39(a) and 39(b), in use;

Figs. 44(a) and 44(b) are views similar to Figs. 39(a)
and 39(b) of another vascular filter according to the

invention;

Figs.45to49 are partially cross-sectional, side views
of the filter of Figs. 27 and 28, in use;

Figs. 50 and 51 are views similar to Figs. 27 and 29
of a further vascular filter according to the invention;

Fig. 52 is an isometric view of one of the capture
members of the filter of Figs. 50 and 51;

Fig. 52(a) is an isometric view of another vascular
filter according to the invention;

Fig. 52(b) is a side view of the filter of Fig. 52(a);
Fig. 52(c) is an end view of the filter of Fig. 52(a);

Fig. 52(d) is an enlarged, side view of part of the filter
of Fig. 52(b);

Fig. 52(e) is an enlarged, end view of part of the filter
of Fig. 52(c);

Figs. 52(f) and 52(g) are end views of the filter of Fig.
52(e), in use;
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Figs. 52(h) to 52(n) are partially cross-sectional, side
views of the filter of Fig. 52(a), in use;

Fig. 53 is an isometric view of another vascular filter
according to the invention;

Fig. 54 is a partially cross-sectional, side view of the
filter of Fig. 53, in use;

Figs. 55 and 56 are isometric views of further vas-
cular filters according to the invention;

Figs. 57 and 58 are partially cross-sectional, side
views of the filter of Fig. 56, in use;

Fig. 59 is an isometric view of one of the support
members of the filter of Fig. 56;

Figs. 60 to 63 are views similar to Figs. 56 to 59 of
another vascular filter according to the invention;

Fig. 63(a) is an isometric view of another vascular
filter according to the invention in a collapsed deliv-

ery configuration;

Fig. 63(b) is anisometric view of the filter of Fig. 63(a)
in an expanded deployed configuration;

Fig. 63(c) is a partially cut-away, isometric view of
the filter of Fig. 63(a), in use;

Figs. 63(d) to 63(g) are views similar to Figs. 56 to
59 of another vascular filter according to the inven-

tion;

Fig. 64 is a partially cross-sectional, side view of an-
othervascularfilter according to the invention, in use;

Fig. 65 is a side view of a part of the filter of Fig. 64;
Fig. 66 is a front view of the part of Fig. 65;

Fig. 67 is an isometric view of a further vascular filter
according to the invention;

Fig. 68 is an end view of the filter of Fig. 67 in a
deployed configuration;

Fig. 69 is an end view of the filter of Fig. 67 in a
delivery configuration;

Fig. 70 is an isometric view of another vascular filter
according to the invention;

Figs. 71 to 73 are views similar to Figs. 67 to 69 of
a further vascular filter according to the invention;

Figs. 74 to 76 are partially cross-sectional, side views
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of the filter of Figs. 71 to 73, in use;

Figs. 77 and 78 are views similar to Figs. 1 and 2 of
another vascularfilter according to the invention; and

Fig. 79is an isometric view of a further vascular filter
according to the invention.

Detailed Description

[0046] In this patent specification, the term "proximal"
will be understood to mean the end closest to a user
when carrying out a procedure accessed from a femoral
vein, or the caudal end. Similarly the term "distal" will be
understood to mean the end furthest from a user when
carrying out a procedure accessed from a femoral vein,
or the cranial end.

[0047] Referring to the drawings, and initially to Figs.
1to9thereof, thereis illustrated a vascularfilter assembly
according to the invention. The vascular filter assembly
comprises a vascular filter 1 according to the invention
and a delivery catheter 9 for delivering the filter 1 to a
desired location in a blood vessel, such as the inferior
vena cava 4. The vascular filter 1 is suitable for use as
an inferior vena cava filter in the inferior vena cava 4 to
capture thrombus 8 passing through the inferior vena ca-
va 4 towards the heart and the lungs. The vascular filter
1 may thus be used to prevent pulmonaryembolism.
[0048] Thefilter 1 comprises a support hoop 2 and four
or more capture arms 3 for capturing thrombus 8 passing
through the inferior vena cava 4.

[0049] The support hoop 2 comprises a wire element
5 which extends circumferentially in a sinusoid wave pat-
tern (Fig. 3).

[0050] The support hoop 2 is movable between a col-
lapsed delivery configuration (Fig. 5) and an expanded
deployed configuration (Fig. 6). When the filter 1 is de-
ployed in the inferior vena cava 4, the support hoop 2
extends circumferentially around the internal wall of the
inferior vena cava 4 (Fig. 6).

[0051] The support hoop 2 is biased radially outwardly
towards the deployed configuration. When the filter 1 is
deployed in the inferior vena cava 4, the support hoop 2
exerts a force radially outwardly on the internal wall of
the inferior vena cava 4. In this manner the support hoop
2 supports the four capture arms 3 in position relative to
the wall of the inferior vena cava 4.

[0052] Each capture arm 3 is attached to the support
hoop 2 by wrapping or knotting or bonding an end of the
capture arm 3 around the wire element 5 (Fig 1.). The
four capture arms 3 extend in a substantially straight line
to an apex 6, where the four capture arms 3 engage each
other (Fig. 1). In this manner the four capture arms 3
define agenerally conically shaped capture region 7 with-
in which thrombus 8 may be captured (Fig. 7). When the
filter 1 is deployed in the inferior vena cava 4, the apex
6 is substantially in-line with the longitudinal axis B - B
extending through the centre of the inferior vena cava 4
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(Fig. 6), and the capture region 7 is located in the region
of the centre of the inferior vena cava 4 (Fig. 6). The
capture arms 3 may be taut as shown or hang loosely in
the bloodstream.

[0053] The capture arms 3 are movable between a col-
lapsed delivery configuration (Fig. 5) and an expanded
deployed configuration (Fig. 6). When the filter 1 is de-
ployed in the inferior vena cava 4, the capture arms 3
extend in the direction of blood flow A through the inferior
vena cava 4 (Fig. 6). The capture arms 3 are biased to-
wards the deployed configuration.

[0054] Eachofthe capture arms 3isofabiodegradable
and / or bioabsorbable material. Similarly, the support
hoop 2 may also be formed from a biodegradable and/or
bio-absorbable material.

[0055] The filter element 1 has a taper configuration.
The woven biodegradable arms 3 have a double taper
(Fig. 4). The element 3 may equally be formed from a
monofilament or multi-filament structure.

[0056] The filter 1 has an even number of elements 3
(Fig. 2). In an alternative configuration the filter may have
an odd number of elements 3.

[0057] The multiple elements 3 degrade based on cir-
cumference from centre to outside of the vessel 4.
[0058] By increasing the number of capture arms 3,
the size between adjacent arms 3 is reduced to enhance
filtering performance.

[0059] The delivery catheter 9 comprises a restraining
sheath 10 which covers at least part of the collapsed filter
1 in a delivery configuration (Fig. 5). The sheath 10 is
movable proximally relative to the filter 1 to a deployed
configuration to uncover the filter 1 and thus facilitate
deployment of the filter 1 (Fig. 6).

[0060] The filter element 3 with the tapered configura-
tion may be formed in a variety of possible manners. For
example by casting, dipping into a polymer solution with
an extraction rate controlled to allow evaporation of sol-
vent and deposition of polymer. The filter element 3 may
be alternatively formed by extruded bump tubing, in
which case the thermoplastic polymer is extruded into
the tapered configuration.

[0061] In use the support hoop 2 and the four capture
arms 3 are collapsed to the delivery configuration, and
at least partially loaded into the delivery catheter 9. The
delivery catheter 9 is advanced through the inferior vena
cava 4 until the collapsed filter 1 reaches the desired
location in the inferior vena cava 4 (Fig. 5) The restraining
sheath 10 of the delivery catheter 9 is then moved prox-
imally relative to the filter 1 to fully uncover the filter 1.
Due to the biasing nature of the support hoop 2 and the
capture arms 3, the support hoop 2 and the capture arms
3 move from the collapsed delivery configuration to the
expanded deployed configuration (Fig. 6). In the de-
ployed configuration, the support hoop 2 exerts a radially
outwardly force on the internal wall of the inferior vena
cava 4 to support the capture arms 3 in the desired po-
sition in the inferior vena cava 4.

[0062] In the event of thrombus 8 passing through the
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inferior vena cava 4 towards the heart and the lungs, the
thrombus 8 will be captured in the capture region 7 of the
filter 1 (Fig. 7). The thrombus 8 will thus be prevented
from passing into the heart and the lungs which could
otherwise lead to pulmonaryembolism. The captured
thrombus 8 will gradually be broken down by the body
into smaller size particles 100, which will significantly re-
duce the risk of embolism (Fig. 8).

[0063] Due to the biodegradable / bioabsorbable ma-
terial of the capture arms 3, the capture arms 3 will even-
tually biodegrade / bioabsorb (Fig. 9). Thus only the sup-
port hoop 2 will remain in the inferior vena cava 4.
[0064] The delivery systems for delivery of the vena
cava filter 1 may employ push and / or pull from either
the jugular or femoral side.

[0065] The delivery system may use rotational deploy-
ment.
[0066] The delivery system may be a rapid exchange

system for single operator deployment.

[0067] The delivery system may use linear ratchet de-
ployment and / or rotational ratchet deployment. The op-
erator preferably keeps purchase on the filter 1 until the
location is finalised. The delivery system may be a push
forward system. In this case the operator aligns the distal
catheter marker to the location of mural attachment, and
then pushes out the filter 1.

[0068] It will be appreciated that part or all of the sup-
port hoop 2 may be biodegradable / bioabsorbable, so
that no part of the filter 1 will remain permanently in the
inferior vena cava 4.

[0069] InFigs. 10to 12 thereisillustrated another vas-
cular filter 20 according to the invention, which is similar
to the vascularfilter 1 of Figs. 1 to 9, and similar elements
in Figs. 10 to 12 are assigned the same reference nu-
merals.

[0070] In this case the support hoop 21 is provided in
the form of a mesh or trellis 23. The mesh / trellis 23
comprises a number of openings 22 therethrough.
[0071] The trellis filter 20 of Figs. 10 to 12 is similar to
a mural trellis with a number of woven elements 3 ex-
tending to a proximal point 6. The elements 3 may be
joined, or may be not joined at the apex 6.

[0072] The filter 20 may be of metallic material and /
or of biodegradable material. For example the filter 20
may be a combination of a metallic mural 21 and biode-
gradable elements 3.

[0073] The trellis design may be either self expanding
or balloon expandable.

[0074] In one embodiment the trellis 23 comprises thin
wires with weave fixed at ends to prevent unravelling. In
another embodiment the trellis 23 comprises thin wires
interwoven with free ends. Either embodiment may be
used for the mural element 21.

[0075] Figs. 13 to 15 illustrate a further vascular filter
30 according to the invention, which is similar to the vas-
cular filter 20 of Figs. 10 to 12, and similar elements in
Figs. 13to 15 are assigned the same reference numerals.
[0076] In this case the support hoop 31 comprises a

10

15

20

25

30

35

40

45

50

55

body portion 32 and a plurality of openings 33 extending
through the body portion 32.

[0077] In the collapsed delivery configuration the sup-
port hoop 31 has a spiral configuration (Fig. 14). In the
expanded deployed configuration, one end 34 of the sup-
port hoop 31 overlaps the other end 35 of the support
hoop 31.

[0078] The openings 33 in the support hoop 31 facili-
tate tissue ingrowth 36 (Fig. 15).

[0079] The support hoop 31 may be a coil based sys-
tem. Fig. 14 illustrates the closed configuration, and Fig.
15 illustrates the open configuration.

[0080] The wall of the support hoop 31 may be planar
or be of an open structure (Fig. 13).

[0081] The element structure 3 may be knotted using
sutures to the support hoop 31.

[0082] It will be appreciated that a variety of possible
shapes and configurations are possible for the support
hoop. For example, Fig. 16 illustrates a support hoop 40
which comprises a wire element 41 which extends cir-
cumferentially in ajagged wave pattern, Fig. 17 illustrates
a support hoop 50 which comprises a body portion 51
which extends circumferentially in a square wave pattern.
[0083] The support hoop may have a peak to peak de-
sign in the circular deployed configuration (Fig. 16). The
support hoop may be formed of fixed length wires joined
at each end to the wire on either side (Fig. 16), or alter-
natively may be cut from a single sheet (Fig. 17).
[0084] The support hoop designs of Figs. 16 and 17
may also be suitable for use as a stent.

[0085] It will further be appreciated that the capture
arms may engage each other at the apex 6 in a variety
of possible shapes and configurations. For example, the
capture arms 3 may be fixedly attached to one another
by a weld joint, solder or adhesive 55 at the apex 6 (Fig.
17(a)). Alternatively the capture arms 3 may be integrally
formed from a single element 56 bent back on itself to
form the capturearms 3 (Fig. 17(b)). As a further example
in Figs. 18 to 20 each capture arm 60 terminates in a
curved, pointed tip 61 (Fig. 20). The tips 61 nest with one
another at the apex 6 (Fig. 19). In Fig. 21 each capture
arm 70 terminates in a straight, pointed tip 71. The tips
71 nest with one another at the apex 6 (Fig. 21).

[0086] Fig. 19illustrates the nesting elements 60. The
geometrics of the elements 60 are configured to nest at
the apex 6 of the filter such that a frame is erected during
deployment that will not allow significant thrombus to
pass.

[0087] Referring to Fig. 22 there is illustrated another
vascular filter 80 according to the invention, which is sim-
ilar to the vascular filter 1 of Figs. 1 to 9, and similar
elements in Fig. 22 are assigned the same reference
numerals.

[0088] Inthis case the capture arms 3 extendinacurve
to the apex 6. The concave portion of the curve faces
radially outwardly.

[0089] In Fig. 23 there is illustrated a further vascular
filter 90 according to the invention, which is similar to the
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vascular filter 80 of Fig. 22, and similar elements in Fig.
23 are assigned the same reference numerals.

[0090] Inthis case the capture arms 3 extend in a curve
to the apex 6. The convex portion of the curve faces ra-
dially outwardly. These capture arms 3 may be moulded
or machined into the configurations shown.

[0091] Possible geometries for the vena cava filter in-
clude conical shape, concave shape, and convex shape
geometries.

[0092] Figs. 24 to 26 illustrate another vascular filter
110 according to the invention, which is similar to the
vascular filter 1 of Figs. 1 to 9, and similar elements in
Figs. 24 to 26 are assigned the same reference numerals.
[0093] In this case the capture arm 112 is provided
integral with the support hoop 2. In particular the capture
arm 112is provided as an extension of one of the sinusoid
curves of the wire element 5 (Fig. 26). The other three
capture arms 113 are similar to the capture arms 3 de-
scribed previously with reference to Figs. 1 to 9.

[0094] The capturearms 112,113 define an offset con-
ically shaped capture region 111. When the filter 110 is
deployed in the inferior vena cava 4, the apex 6 is offset
from the longitudinal axis B - B extending through the
centre of the inferior vena cava 4, and the capture region
111 is located in the region of the internal wall of the
inferior vena cava 4.

[0095] The support hoop 2 may be a Nitinol (Ni Ti) si-
nusoid or may be a stainless steel sinusoid. Alternatively
the support hoop 2 may be of a zigzag or crown design.
The elements 113 may be of Nitinol stainless steel, tita-
nium or a biodegradable material.

[0096] The filter 110 has a single extended element
112.
[0097] The offset filter 110 directs embolus to the side

wall. This arrangement may be advantageous. It may
allow more blood flow at the centre of the vena cava 4
by directing thrombus 8 away from the centre of blood
flow.

[0098] Alternatively, taper elements could be used.
[0099] Referring to Figs. 26(a) to 26(g) there is illus-
trated another vascular filter 300 according to the inven-
tion, which is similar to the vascular filter 1 of Figs. 1 to
9, and similar elements in Figs. 26(a) to 26(g) are as-
signed the same reference numerals.

[0100] In this case the filter 300 comprises a proximal
support hoop 302 at the proximal end of the filter 300, a
distal support hoop 312 at the distal end of the filter 300,
and a plurality of support struts 303 extending between
the proximal support hoop 302 and the distal support
hoop 312.

[0101] The proximal support hoop 302 comprises a
wire element 5 which extends circumferentially around
the wall of the inferior vena cava 4 in a sinusoid wave
pattern. Similarly the distal support hoop 312 comprises
a wire element 5 which extends circumferentially around
the wall of the inferior vena cava 4 in a sinusoid wave
pattern. The support struts 303 extend longitudinally
along the wall of the inferior vena cava 4. The support
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struts 303 connect the proximal support hoop 302 to the
distal support hoop 312. In this case the proximal support
hoop 302, the distal support hoops 312 and the support
struts 303 are formed integrally. The proximal support
hoop 302, the distal support hoop 312 and the support
struts 303 may be of a shape-memory material, such as
Nitinol.

[0102] Asillustrated in Fig. 26(b), the distal end of the
distal support hoop 312 is located distally of the capture
arms 3 and the apex 6, and the proximal end of the prox-
imal support hoop 302 is located proximally of the capture
arms 3.

[0103] The filter 300 also comprises a plurality of inte-
gral, or joined metal, or biodegradable/bioabsorbable
barbs 301 to assist in anchoring the filter 300 relative to
the inferior vena cava 4.

[0104] In addition the filter 300 comprises two or more
tensioning arms 304 and two or more connecting arms
305.

[0105] Each tensioningarm 304 is provided in the form
of a cantilever arm. The distal end of the tensioning arm
304 is located distally of the apex 6, and the proximal
end of the tensioning arm 304 is located proximally of
the apex 6.

[0106] The tensioning arms 304 are movable between
a capturing configuration (Fig. 26(d)) and an open con-
figuration (Fig. 26(f)). In the capturing configuration, the
tensioning arms 304 are inclined distally inwardly relative
to the longitudinal axis of the inferior vena cava 4. In the
open configuration, the tensioning arms 304 are aligned
parallel to the wall of the inferior vena cava 4. The ten-
sioning arms 304 are biased towards the open configu-
ration. The tensioning arms 304 may be of a shape-mem-
ory material, such as Nitinol.

[0107] The connecting arms 305 connect the tension-
ing arms 304 to the capture arms 3 at the apex 6. In this
manner the tensioning arms 304 act to tension the cap-
ture arms 3 to prevent the capture arms 3 from becoming
slack and/or to prevent the apex 6 from moving off-centre.
Alternatively the tensioning arms 304 may originate at
the caudal end of the filter 300.

[0108] The connecting arms 305 are of a biodegrada-
ble/bioabsorbable material, in this case.

[0109] Inuse,due tothe biodegradable/bioabsorbable
material of the connecting arms 305, the connecting arms
305 will eventually biodegrade/bioabsorb. This enables
the tensioning arms 304 to move from the capturing con-
figuration to the open configuration. Only the proximal
support hoop 302, the distal support hoop 312, the sup-
port struts 303 and the tensioning arms 304 remain in
the inferior vena cava 4 (Fig. 26(f)).

[0110] Figs.26(a)to26(g)illustrate the netfilter design.
[0111] Fig. 26(b) illustrates the filtering elements 3, the
tensioning element 304, the tensioning filament 305, and
the crown elements 302, 312.

[0112] The netfilter design comprises the Nitinol frame
302, 303, 312 with a tubular profile which has the number
of bioabsorbable filaments 3 attached and spanning
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across its diameter in order to create a filter capable of
trapping blood clots.

[0113] The Nitinol frame is a single component which
comprises zigzag type design features called crowns
302, 312 at both its ends. This design allows the device
300 to be crimped or reduced in diameter so that it can
be delivered through the vascular system in a catheter
of much smaller diameter than the vena cava 4.

[0114] The elastic energy in the deformed crowns 302,
312 enables the device 300 to expand to the vessel di-
ameter. The component is designed so these crowns
302, 312 exert outward radial pressure against the inter-
nal wall of the vena cava 4 within the range of vessels
typically encountered. The two sets of crowns 302, 312
are linked by the connecting elements 303.

[0115] The filter 300 is created by the number of bio-
absorbable filaments 3 which span the vessel lumen.
[0116] In order to deal with varying vessel diameters
and to ensure that the filaments 3 are capable of trapping
and retaining a piece of blood clot, it is desirable that the
absorbable elements 3 take up a tensioned conical con-
figuration.

[0117] This is achieved by means of a tensioning fea-
ture 304 on the Nitinol frame and a tensioning filament
305 which pulls the filtering filaments 3 in the cranial di-
rection creating a tensioned filter net irrespective of the
diameter of vessel 4 in which it is implanted.

[0118] The materials used have a known degradation
profile such that they will provide protection to the patient
while they are at risk and once this risk is minimised the
materials will breakdown and become metabolised. The
tensioning feature 304 on the Nitinol frame will spring
back to the vessel wall with sufficient outward pressure
to promote endothelial covering and encapsulation in tis-
sue preventing or reducing the long term complications
of obstructing blood flow associated with permanentvena
cava filters.

[0119] Inorderto ensure that no migration takes place,
the small barbs 301 are located at the cranial end of the
connecting elements 303. They have sharp edges that
are angled to anchor into the vessel tissue. The design
features barbs 301 which may face in either direction, or
may have separate barbs 301 facing in opposite direc-
tions.

[0120] The filter 300 comprising bioabsorbable ele-
ments 3 creates arigid conical shape across awide range
of vessel diameters. This may be achieved using the ten-
sioning system shown in Fig. 26(b). The short metallic
cantilever type elements 304 are connected to the ten-
sioning filament 305 that pulls the filtering element 3 in
the cranial direction when positioned in the vessel 4 with
a relatively smaller diameter.

[0121] These metallic elements 304 may be visualised
during implantation using fluoroscopy of other imaging
technology and thus act as a radiopaque indicator as to
whether the filter elements 3 have degraded or not.
[0122] The metallic frame 304 bends inward to create
the cone independent of vessel size. This also creates a
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radiopaque indicator as to whether the filter 300 is still
functioning.

[0123] InFig. 26(h)there isillustrated another vascular
filter 320 according to the invention, which is similar to
the vascular filter 300 of Figs. 26(a) to 26(g), and similar
elements in Fig. 26(h) are assigned the same reference
numerals.

[0124] Inthis case the tensioningarms 304 are inclined
proximally inwardly relative to the longitudinal axis of the
inferior vena cava 4 in the capturing configuration.
[0125] Fig. 26(h) illustrates the metallic tensioning el-
ement 304, the support frame 312, the bioabsorbable
filter elements 3, and the bioabsorbable tensioning ele-
ment 305.

[0126] The filter 320 has the bioabsorbable elements
3 spanning across the vessel lumen protecting the patient
while they are at risk of a pulmonary embolism. These
elements 3 break down when the risk has passed. The
elements 3 are connected to the metal frame which pro-
motes tissue ingrowth and becomes encapsulated in the
vessel wall similar to a stent.

[0127] The filter 320 has the ability to align the ele-
ments 3 in the centre of the vessel 4 so that they provide
the maximum clot trapping ability. A wide range of blood
vessel diameters may be encountered. Typically the in-
ferior vena cava 4 may be in the range of 16mm to 27mm.
The filter 320 has the ability to relay visually whether the
elements 3 have absorbed or not, i.e. whether the filter
320 is still functioning and the patient protected from pul-
monaryembolism.

[0128] The filter 320 has one or more tensioning ele-
ments 304 that remove any slack in the filter elements 3
by increasing the filter cone angle as the diameter in-
creases. The small cantilever type metallic elements 304
are deformed inward by the bioabsorbable element 305
to achieve the stretching out of the bioabsorbable filter
elements 3 until they are tense and central in the vessel.
The device 320 may be x-rayed to establish if it is in the
filter configuration or if it has converted by assessing the
angle of the metallic tensioning elements 304.

[0129] Figs. 26(i) to 26(m) illustrate another vascular
filter 330 according to the invention, which is similar to
the vascular filter 300 of Figs. 26(a) to 26(g), and similar
elements in Figs. 26(i) to 26(m) are assigned the same
reference numerals.

[0130] In this case the filter 330 comprises a plurality
of linking arms 331 to link each capture arm 3 to the
adjacent capture arm 3. The linking arms 331 are of a
biodegradable/bioabsorbable material.

[0131] Thecapture arms 3 comprise a plurality of open-
ings 332 through the wall of the capture arms 3 at the
apex 6. The openings 332 reduce the tensile strength of
the capture arms 3. In this manner the capture arms 3
are provided with predetermined failure points to control
biodegrading/bioabsorbing of the capture arms 3.
[0132] Similarly each linking arm 331 comprises an
opening 333 through the wall of the linking arm 331. The
opening 333 reduces the tensile strength of the linking
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arm 331. In this manner the linking arm 331 is provided
with a predetermined failure point to control biodegrad-
ing/bioabsorbing of the linking arm 331.

[0133] Fig. 26(i) illustrates the tensioning arm 304, and
the tensioning filament 305.

[0134] The filter 330 has bioabsorbable elements 3
spanning across the vessel lumen protecting the patient
while they are at risk of a pulmonary embolism. These
elements 3 break down when the risk has passed. The
elements 3 are connected to the metal frame which will
promote tissue ingrowth and become encapsulated in
the vessel wall similar to a stent.

[0135] Maintaining the conical shape in which any
thromboemboli caught by the filter 330 are stored in a
central location may be an important feature, as this ex-
poses the clot 8 to the highest flow rates. Consequently
the clot 8 may be lysed in a shorter time period and the
risk of IVC occlusion due to thrombosis may be reduced
or minimised.

[0136] The absorabable net design 330 is manufac-
tured in one component and may offer a more consistent
conical filter shape and clot trapping efficiency than a
series of single filaments 3. The net can adjust to varying
diameters by means of the tensioning system provided
by the tensioning filament 305 and the tensioning arm
304.

[0137] Thefilter 330 may be made by producing a cone
shaped film and cutting a shape in the film to produce a
filter capable of protecting the patient from pulmonary
embolism. This may be achieved by solution casting a
polymer film and cutting away material to achieve various
filter shapes that preserve blood flow yet filter pieces of
thrombi efficiently. The cutting process would be
achieved using laser technology to ensure accurate di-
mensioning and freedom of filter design.

[0138] The component may be designed so that it will
degrade initially in a controlled location by designing ar-
eas of reduced cross sectional area into the device. This
will have the advantage of allowing the net to reduce to
single strands and minimise the risk of a clinically signif-
icant pulmonary emboli.

[0139] The component may be made from a compliant
material such as Polycaprolactone and copolymers of
caprolactone and Lactide and/or Gylcolide. Other suita-
ble polymers would be polymers derived from Polyhy-
droxybutyrate.

[0140] Referring to Figs. 27 to 30 and 32 to 36 there
is illustrated a further vascular filter 120 according to the
invention, which is similar to the filter 1 of Figs. 1 to 9,
and similar elements in Figs. 27 to 30 and 32 to 36 are
assigned the same reference numerals.

[0141] In this case the filter 120 comprises six capture
arms 121 integrally formed with the support hoop 2. The
capture arms 121 are movable between a capturing con-
figuration (Fig. 27) and an open configuration (Fig. 29).
In the capturing configuration, the capture arms 121 ex-
tend to the apex 6 and define the conically shaped cap-
ture region 7. The capture arms 121 are biased towards
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the open configuration, and a holder tube 122 is provided
around the ends of the capture arms 121 to hold the cap-
ture arms 121 in the capturing configuration. The holder
tube 122 is biodegradable and / or bioabsorbable. Upon
biodegrading / bioabsorbing of the holder tube 122, the
capture arms 121 are free to move from the capturing
configuration to the open configuration (Fig. 29). The cap-
ture arms 121 are not biodegradable or bioabsorbable.
[0142] In use, in the deployed configuration, the sup-
port hoop 2 is partially embedded in the internal wall of
the inferior vena cava 4 to support the capture arms 121
in the desired position in the inferior vena cava 4 (Fig.
33). Due to the biodegradable / bioabsorbable material
of the holder tube 122, the holder tube 122 will eventually
biodegrade / bioabsorb (Fig. 36), which enables the cap-
ture arms 121 to move from the capturing configuration
to the open configuration. The support hoop 2 and the
capture arms 121 remain in the inferior vena cava 4.
[0143] It will be appreciated that a variety of possible
shapes and configurations are possible for the holder
member which holds the capture arms 121 in the captur-
ing configuration. Forexamplein Fig. 31, the holder mem-
ber is provided in the form of a bioabsorbable and / or
biodegradable coil 130 around the ends of the capture
arms 121 to hold the capture arms 121 in the capturing
configuration.

[0144] The shape memory of the capture arms 121 are
configured to remember a tubular shape. The only bio-
degradable element of the filter 120 is the holder 122 at
the apex 6 of the filter 120.

[0145] The apex suture 130 bioresolves and the arms
121 revert to the tubular configuration (Fig. 31). Alterna-
tively, the cap 122 at the apex 6 can be bio-resorbed (Fig.
30).

[0146] The filter arms 121 are not retrieved in this em-
bodiment. The bio-resorbable point 122 allows the filler
(NiTi) 121 or other material to relax to the wall and remain
in the body.

[0147] Alternatively, the filter cap 122 may not be re-
sorbable but may be retrieved by a snare or other removal
device.

[0148] Another alternative is to replace the bio-resorb-
able cap by way of an interventional procedure to extend
the period for which protection is provided to the patient.
[0149] In a further alternative, a metallic or bio-stable
polymer element may be used to replace the filter cap to
convert the implant device into a permanent implant. Al-
ternatively the permanent configuration may be welded
or otherwise permanently joined at the apex.

[0150] InFigs. 37 to 39 thereis illustrated another vas-
cular filter 140 according to the invention, which is similar
to the vascular filter 120 of Figs. 27 to 30 and 32 to 36,
and similar elements in Figs. 37 to 39 are assigned the
same reference numerals.

[0151] In this case the support hoop 141 comprises a
wire element 142 which extends circumferentially in a
plane.

[0152] Asillustratedin Fig. 39 the free end 143 of each
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capture arm 121 curves radially outwardly.

[0153] Figs. 39(a) to 44 illustrate another vascular filter
145 according to the invention, which is similar to the
vascular filter 140 of Figs. 37 to 39, and similar elements
in Figs. 39(a) to 44 are assigned the same reference
numerals.

[0154] In this case the support hoop 146 comprises a
wire element 147 which extends circumferentially in a
sinusoid pattern in the collapsed delivery configuration
(Fig. 39(a)), and which extends circumferentially in a
plane in the expanded deployed configuration (Fig.
39(b)).

[0155] Asillustrated in Figs. 40 to 44, the filter 145 may
be delivered to the desired location in the inferior vena
cava 4 and deployed at the desired location using the
delivery catheter 9 in a manner similar to that described
previously with reference to Figs. 1 to 9.

[0156] Referring to Figs. 44(a) and 44(b) there is illus-
trated another vascular filter 148 according to the inven-
tion, which is similar to the vascular filter 140 of Figs. 37
to 39, and similar elements in Figs. 44(a) and 44(b) are
assigned the same reference numerals.

[0157] In this case the support hoop 141 comprises
the wire element 142 which extends circumferentially in
aplane. In the collapsed delivery configuration the plane
of the support hoop 141 is inclined relative to a plane
perpendicular to the longitudinal axis of the inferior vena
cava 4 (Fig. 44(a)). In the expanded deployed configu-
ration, the plane of the support hoop 141 may or may not
be inclined relative to the plane perpendicular to the lon-
gitudinal axis of the inferior vena cava 4 (Fig. 44(b)).
[0158] Alternatively, the filter 120, as described previ-
ously with reference to Figs. 27 to 30, may be delivered
to the desired location in the inferior vena cava 4 and
deployed at the desired location using another delivery
catheter 150 (Figs. 45 to 49). The delivery catheter 150
comprises a balloon member 151 which is inflatable from
a collapsed delivery configuration (Fig. 45) to an expand-
ed deployed configuration (Fig. 46), and deflatable from
the expanded deployed configuration to the collapsed
delivery configuration (Fig. 47).

[0159] In use the support hoop 2 and the six capture
arms 121 are collapsed to the delivery configuration, and
mounted around the balloon member 151. The delivery
catheter 150 is advanced through the inferior vena cava
4 until the collapsed filter 120 reaches the desired loca-
tion in the inferior vena cava 4 (Fig. 45). The balloon
member 151 is then inflated to move the support hoop 2
and the capture arms 121 from the collapsed delivery
configuration to the expanded deployed configuration
(Fig. 46). In the deployed configuration, the support hoop
2 exerts a radially outward force on the internal wall of
the interior vena cava 4 to support the capture arms 121
in the desired position in the inferior vena cava 4.
[0160] The balloon member 151 is deflated from the
expanded deployed configuration to the collapsed deliv-
ery configuration, and the delivery catheter 150 is with-
drawn (Fig. 47).
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[0161] In the event of thrombus 8 passing through the
inferior vena cava 4 towards the heart and the lungs, the
thrombus 8 will be captured in the capture region 7 of the
filter 120 (Fig. 48). The captured thrombus 8 will gradually
be broken down by the body into smaller size particles,
which significantly reduce the risk of embolism.

[0162] Due to the biodegradable / bioabsorbable ma-
terial of the holdertube 122, the holder tube 122 will even-
tually biodegrade / bioabsorb (Fig. 49), which enables
the capture arms 121 to move from the capturing config-
uration to the open configuration. The support hoop 2
and the capture arms 121 remain in the inferior vena cava
4.

[0163] Figs. 45 to 49 illustrate the balloon expandable
vena cava filter 120 which has non shape memory metals
or polymers. The filter 120 is mounted onto the balloon
catheter 150.

[0164] The distal tip of the balloon may be inverted to
minimise space used by the balloon.

[0165] A tip marker may be incorporated to allow
guidewire pull back for deployment.

[0166] Figs. 50 to 52 illustrate another vascular filter
160 according to the invention, which is similar to the
vascular filter 120 of Figs. 27 to 30 and 32 to 36 and
similar elements in Figs. 50 to 52 are assigned the same
reference numerals.

[0167] In this case, each capture arm 161 is formed
separately from the support hoop 2 and is attached to
the support hoop 2 in a snap-fit arrangement.

[0168] Fig. 52 illustrates the moulded element 161
which is snap fitted to the sinusoidal wire 5.

[0169] Alternatively, the capture arms 161 may be of
polymer and may be welded to the degradable holder
tube 122 at the apex 6. The capture arm parts 161 are
biased towards the open position.

[0170] In Figs. 52(a) to 52(n) there is illustrated a fur-
ther vascular filter 340 according to the invention, which
is similar to the vascular filter 120 of Figs. 27 to 30 and
32 to 36, and similar elements in Figs. 52(a) to 52(n) are
assigned the same reference numerals.

[0171] In this case the filter 340 comprises a proximal
support hoop 302, a distal support hoop 312, a plurality
of support struts 303, and a plurality of biodegradable/bi-
oabsorbable barbs 301, similar to those described pre-
viously with reference to Figs. 26(a) to 26(g).

[0172] An opening 341 is provided at the distal end of
each of the capture arms 121, and a suture 342 extends
through the opening 341 to hold the capture arms 121 in
the capturing configuration.

[0173] The suture 342 is of a biodegradable/bioab-
sorbable material. The suture 342 comprises an opening
343 through the wall of the suture 342. The opening 343
reduces the tensile strength of the suture 342. In this
manner the suture 342 is provided with a predetermined
failure point to control biodegrading/bioabsorbing of the
suture 342.

[0174] Figs. 52(a) to 52(n) illustrate the apex filter de-
sign. Fig. 52(b)illustrates the filter element 121, the crown
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elements 302, 312, and the connecting elements 303.
While shown in a straight configuration, the elements 303
connecting the cranial and caudal ends may include
curved or angled elements. Such configurations may pro-
vide reduced lateral stiffness. Generally, the elements
303 will nest together for delivery in the delivery system
prior to deployment in the vena cava 4.

[0175] The apex design comprises the Nitinol frame
302, 312, 203, 121 and the small bioabsorbable element
342. The Nitinol frame is designed with thin elements that
allow the device 340 to assume three separate configu-
rations during its use:-

1. Delivery configuration.
2. Filter configuration
3. Open configuration

[0176] The component has a zigzag type support fea-
ture at both its ends 302, 312 referred to in this specifi-
cation as a crown, which allows the device 340 to be
crimped or reduced in diameter so that it can be delivered
through the vascular system in a catheter of much smaller
diameter than the inferior vena cava 4.

[0177] The elastic energy inthe deformed crowns 302,
312 enable the device 340 to expand to the vessel diam-
eter. The component is designed so these crowns 302,
312 exert outward radial pressure against the internal
wall of the vena cava 4 within the range of vessels typi-
cally encountered.

[0178] The two sets of crowns 302, 312 are linked by
connecting elements 303, and originating from the caudal
ends of these connecting elements 303 are thin filter el-
ements 121 which have a V-shape. These filter elements
121 can be mechanically deformed and retained in a cen-
tral conical shape in order to create a filter configuration.
[0179] The component is designed so that the crown
elements 302, 312 and connecting elements 303 are rel-
atively stiff versus the filter elements 121, making the
outer profile of the component substantially cylindrical
when the filter elements 121 are deformed inward. This
ensures that the crown elements 302, 312 and connect-
ing elements 303 remain in contact with the wall while
the device 340 is in the filter configuration promoting tis-
sue ingrowth and minimising the risk of complications
with vena cava filters such as migration and perforation.
[0180] The filter elements 121 are held together by
means of the filament 342 made from a small volume of
bioabsorbable material. The material has a known deg-
radation profile such thatit has sufficient strength to retain
the metal filter elements 121 in the filtering configuration
while the patient is at risk of a large embolus passing
through the vena cava 4. Once the treatment period has
passed, the filament 342 will have degraded sufficiently
for the elastic force of the metal filter elements 121 to
break the filament 342 and expand outward.

[0181] The filament 342 is tied through small eyelet
features 341 at the end of the filter elements 121 and a
knot is formed around one filter 121 such that once the
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filament 342 breaks it stays attached to that filter element
121.

[0182] Once the filter elements 121 become free the
device 340 assumes its open configuration. The filter el-
ements 121 spring back to the vessel wall and exert suf-
ficient pressure to promote endothelial covering and en-
capsulation in tissue, negating any long term complica-
tions associated with obstructing the blood flow in the
vena cava 4.

[0183] In orderto ensure that no migration takes place
small barbs 301 are located at the cranial end of the con-
necting elements 303. They have sharp edges that are
angled to anchor into the vessel tissue. The design fea-
tures barbs 301 which may face in either direction, or
may have separate barbs 301 facing in opposite direc-
tions.

[0184] Figs. 52(a) to 52(n) illustrate the concept for the
convertible blood vessel filter 340 where the device 340
has three configurations, the delivery configuration, filter
configuration and the open configuration.

[0185] The filter configuration is used to trap thrombus
while a patient may be atrisk of a thromboembolic event;
once the risk has passed the device 340 can then be
converted to the open configuration which no longer dis-
rupts blood flow.

[0186] The filter configuration is achieved by mechan-
ically deforming the elements 121 of the device 340 and
securing these filter elements 121 together ata point with-
in the blood vessel. The filter elements 121 are held by
the bioabsorbable securement feature 342, which may
be released to allow the elements 121 to revert back to
the open configuration.

[0187] In the filter configuration, there is sufficient ra-
dial pressure and vessel contact to prevent the device
340 from migrating due to movement of surrounding or-
gans and/or the forces of blood flow. However the radial
pressure is not sufficiently high to cause perforation of
the blood vessel 4.

[0188] Inthe open configuration all elements of the im-
planted device 340 exert radial pressure against the
blood vessel wall promoting tissue ingrowth.

[0189] This is achieved by having the device 340 that
has a substantially cylindrical outer profile with sufficient
mechanical stiffness to maintain the cylindrical outer pro-
file when the filter elements 121 of low mechanical stiff-
ness are deformed centrally. The substantially cylindrical
outer profile allows the device 340 to have significant
vessel contact over a large area in both the open and
filter configurations substantially reducing the risk of clin-
ical issues such as perforation, migration and tilting.
[0190] The device 340 is constructed of a superelastic
metal or polymer. In one embodiment the device is con-
structed of Nitinol.

[0191] Inone embodimentthe device 340 is one piece
cut from a laser machined tube, expanded and heat set.
In another embodiment the device 340 is an assembly
of more than one part from either the same material or
from differing superelastic materials.
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[0192] Having a substantially cylindrical outer profile
provides a significant advantage in terms of deployment.
As the device 340 exits the delivery system, the initial
portion of the device 340 will contact the vessel wall prior
to full device exiting of the delivery system. This allows
for accurate placement of the device 340, as illustrated
in Fig. 52(i).

[0193] In addition it also results in a self centering de-
vice 340 preventing tilting and allowing for the maximum
clot trapping efficiency.

[0194] As the biodegradable members degrade, the
degradation products move into the bloodstream and in
themselves, if they are large enough, could pose a risk
to the patient of pulmonaryembolism. It is thus beneficial
to have a device that utilises only a small volume of bio-
resorbable polymer. Ideally a short length of filament in
the order of 1-10cms of diameter >0.4mm, more ideally
less than 0.3mm, even more ideally less than 0.2mm may
be used.

[0195] Another approach to managing the volume of
degradation products being released into the blood-
stream at any time interval is taught herein by means of
controlling the filter elementdimensions and thus the time
at which those products are released.

[0196] Fig. 52(e) illustrates the bioabsorbable element
342 which is configured to break at some point away from
the knot. The element 342 is knotted around the frame
121.The element 342 remains connected to one element
121 of the frame after the filament 342 breaks.

[0197] The suture 342 may have a particularly small
volume of bioabsorbable material. For example the su-
ture 342 may have a diameter of less than 0.4mm, ideally
less than 0.3mm, more ideally less than 0.2mm.

[0198] By minimising the amount of bioabsorbable ma-
terial that embolises and enters the blood stream, this
reduces the risk of clinical complications. The filament
material 342 is tied to the ends of the capture elements
121 in such a way that when it breaks the filament 342
remains tied to one of the capture elements 121 and be-
comes apposed to the vessel wall. This results in the
bioabsorbable material 342 becoming encapsulated in
tissue and absorbing therein. This may be achieved by
knotting the suture 342 around one of the arms 121 as
shown in Fig. 52(e). The suture 342 will break at a point
away from the knot and release the capture elementarms
121 bringing the suture 342 with one of the arms 121.
[0199] Introducing a point 343 along the suture 342
that is more susceptible to biodegradation is beneficial
with this type of design. This may be achieved by having
the region 343 that has a lower cross sectional area than
the remainder of the filament 342.

[0200] In one embodiment this area of reduced cross
section is achieved by lasering a small hole 343 through
the filament material 342. Ideally the diameter of the hole
343 would be less than 00.1mm. More ideally the diam-
eter of the hole 343 would be 00.05mm.

[0201] Fig. 52(f) illustrates the small hole 343 ma-
chined in the filament 342 to create the controlled break
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area.
[0202] The filter elements 342 may have multiple mi-
croscopic holes or notches drilled or formed therein to
provide a locus for failure away from the joins or knots.
This may be beneficial in that the location of eventual
failure of the elements 342 is known. Varying the size of
the holes will allow the time to failure for each element
342 to be controlled individually. Larger holes will result
in a shorter time to failure. This may be beneficial in al-
lowing the timing of degradation products being released
into the bloodstream to be controlled. Alternatively, var-
ying the diameter of the elements 342 to sequentially
larger diameters will allow similar control over the time
to failure of the filter elements 342.

[0203] The reduced cross section may alternatively be
achieved by softening the material with heat and creating
a 'necked down’ region which has a reduced cross sec-
tional area.

[0204] The convertible filter 340 anchors securely at
its deployment site and minimises risk of migration. The
filter 340 incorporates the small sharp barbs 301 facing
either direction which add fixation points for the device
340 and combined with the radial force of the design,
minimise any risk of migration. The barbs 301 may be
made of a bioabsorbable material which degrades and
metabolises after the device 340 has been encapsulated
in tissue. This will prevent any long term effects due to
erosion and/or perforation of the vena cava 4 caused by
the barb 301.

[0205] Suitable bioabsorbable materials for a bioab-
sorbable barb 301 and/or for the filter filament 342 in-
clude:

Poly (p-dioxanone);

Poly (L-Lactide-co-e-Caprolactone);

Ideally the mole percentage of L-lactide monomer
would be in the range of 60% to 80%. More ideally
the mole percentage of L-lactide monomer would be
in the range of 65% to 75%.

Poly (glycolide-co-trimethylene carbonate);

Ideally the mole percentage of L-lactide monomer
would be in the range of 60% to 80%. More ideally
the mole percentage of L-lactide monomer would be
in the range of 65% to 75%.

Poly (hydroxy butyrate);

Poly (L-lactide-co-glycolide);

Ideally the mole percentage of L-lactide monomer
would be greater than 70%. More ideally the mole
percentage of L-lactide monomer would be greater
than 80%. More ideally the mole percentage of L-
lactide monomer would be greater than 90%.

[0206] The design of Figs. 52(a) to 52(n) provides a
stent-like shape to the vena cava filter 340 giving it a
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cylindrical outer profile. This design prevents issues such
as tilting and perforation and allows for accurate deploy-
ment within the vessel 4. The frame design allows the
filter elements 121 to be deformed centrally without af-
fecting the cylindrical outer profile and once the risk pe-
riod for thromboemboli has passed allows the filter 121
to spring back to a position apposed to the vessel wall.

[0207] The bioabsorbable element 342 stays attached
to the frame 121 after opening. Controlling the break up
of the bioabsorbable element 342 and minimising the
amount of material that embolises may be achieved by
tying the filament 342 around one filter element end.
Therefore, once the element 342 breaks, it will remain
attached to the frame 121 and become encapsulated in
the vein wall along with the frame 121. A controlled break
point 343 may be added to the absorbable element 342
away from the knot by any of the means described herein.
[0208] Havingbarbs 301 that are bioabsorbable offers
a significant advantage in that they are only required in
the short-term and once the frame becomes encapsulat-
ed in the vein wall they will no longer be required thus
preventing any potential long-term erosion effects of hav-
ing the barbs 301 on the frame.

[0209] Fig. 52(h) illustrates the vena cava 4 being ac-
cessed transluminally using the delivery catheter 9. Fig.
52(i) illustrates the vena cava filter 340 being deployed
by pulling back the delivery catheter sheath 10. Fig. 52(j)
illustrates the device 340 deployed filtering thromboem-
boli within the vena cava 4. Fig. 52(k) illustrates the de-
vice 340 capturing a large clot 8 that may have caused
a pulmonary embolism. Fig. 52(l) illustrates the filter 340
in situ after the blood’s own natural lysing processes have
broken down the clot 8 over time. Fig. 52(m) illustrates
that once the threat of pulmonary embolism has passed,
the bioabsorbable retainer 342 breaks down and allows
the filter arms 121 to become apposed to the wall. Fig.
52(n) illustrates that over time the frame 340 becomes
encapsulated in tissue.

[0210] Referring to Figs. 53 and 54 there is illustrated
another vascular filter 170 according to the invention,
which is similar to the vascular filter 120 of Figs. 27 to 30
and 32 to 36, and similar elements in Figs. 53 and 54 are
assigned the same reference numerals.

[0211] In this case when the filter 170 is deployed in
the inferior vena cava 4, the capture arms 121 extend in
the direction opposite to the direction of blood flow A
through the inferior vena cava 4 (Fig. 54). As a result,
the capture arms 121 define an annular shaped capture
region 171 located in the region of the internal wall of the
inferior vena cava 4.

[0212] Fig. 53 illustrates the Nitinol sinusoid 2 and the
inverted elements 121. This configuration acts to divert
embolism 8 from the centre of the flow to be retained
close to the side of the vessel 4. It creates a type of re-
ceiver region 171 to receive the thrombus 8.

[0213] In Fig. 55 there is illustrated another vascular
filter 180 according to the invention, which is similar to
the vascular filter 90 of Fig. 23, and similar elements in
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Fig. 55 are assigned the same reference numerals.
[0214] In this case the filter 180 comprises six balance
arms 181 extending from the support hoop 2 in the op-
posite direction to the capture arms 3. Each balance arm
181 is attached to the support hoop 2 by wrapping an
end of the balance arm 181 around the wire element 5.
[0215] Each balance arm 181 is of a biodegradable
and / or bioabsorbable material.

[0216] Each balance arm 181 extends in a curve. The
convex portion of the curve faces radially outwardly.
[0217] In use, due to the biodegradable / bioabsorba-
ble material of the balance arms 181, the balance arms
181 will eventually biodegrade / bioabsorb. Thus only the
support hoop 2 will remain in the interior vena cava 4.
[0218] The filter 180 may be of varying porosity. More
space may be provided in the distal sections. The filter
180 has a ball shape. There are no sharp edges on a
ball. This may allow enhanced radial force on the vena
cava wall for enhanced anchoring.

[0219] Figs. 56 to 59 illustrate another vascular filter
190 according to the invention, which is similar to the
vascular filter 120 of Figs. 27 to 30 and 32 to 36 and
similar elements in Figs. 56 to 59 are assigned the same
reference numerals.

[0220] In this case the filter 190 comprises a plurality
of support anchors 191 instead of the support hoop. A
support anchor 191 is fixedly attached to a proximal end
of each capture arm 121. Upon deployment of the filter
190 in the inferior vena cava 4, the support anchors 191
are embedded into the internal wall of the inferior vena
cava 4 (Fig. 57). In this manner the support anchors 191
support the capture arms 121 in position relative to the
wall of the inferior vena cava 4.

[0221] The biodegradable barbs 191 secure the filter
device 190 at the time of implantation and are resorbed
either fully or partially at the time of retrieval.

[0222] Itis believed that use of the barbs 191 on per-
manent filters could reduce long term implantation prob-
lems.

[0223] It is believed that the use of bio-resorbable
barbs on any implant could reduce long term implantation
problems. In particular a barb could be over-moulded or
formed onto any metallic or polymeric structure and
formed into the desired shape to anchor it to the vascular
or anatomical structure. Alternatively the barbs could be
moulded, machined, or formed from preforms such as
extruded tiles or rods. The benefits include the fact that
after a period of time the barb would be absorbed and
the irritation removed from the implant site. Barbs could
be attached to the end of or any intermediate point that
could come in contact with a blood vessel during implan-
tation by means of endovascular or surgical treatment.
[0224] Referring to Figs. 60 to 63 there is illustrated
another vascular filter assembly according to the inven-
tion. The vascular filter assembly comprises a vascular
filter 200 according to the invention and a retrieval cath-
eter 202 for retrieving the filter 200 from a location in the
inferior vena cava 4. The vascular filter 200 is similar to
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the vascular filter 190 of Figs. 56 to 59, and similar ele-
ments in Figs. 60 to 63 are assigned the same reference
numerals.

[0225] Inthiscasethe supportanchors 201 are shaped
to facilitate removal from the internal wall of the inferior
vena cava 4, upon application of a removal force C in a
direction parallel to the longitudinal axis B - B of the in-
ferior vena cava 4 (Fig. 62).

[0226] The retrieval catheter 202 comprises a hook
203 for engaging the holder tube 122 of the filter 200,
and a reception space 204. The hook 203 is movable
proximally relative to the reception space 204 to at least
partially receive the filter 200 in the reception space 204.
[0227] In use, when it is desired to retrieve the de-
ployed filter 200 from the inferior vena cava 4, the retrieval
catheter 202 is introduced into the inferior vena cava 4.
The retrieval catheter 202 is advanced through the infe-
rior vena cava 4 with the hook 203 within the reception
space 204.

[0228] When the distal end of the retrieval catheter 202
is adjacent to the holder tube 122, the hook 203 is ad-
vanced distally out of the reception space 204 (Fig. 61)
to engage the holder tube 122 of the filter 200. The hook
203 is then moved proximally which exerts a retrieval
force C on the filter 200 in a direction parallel to the lon-
gitudinal axis B - B of the inferior vena cava 4. Due to the
shape of the support anchors 201, this retrieval force C
causes the support anchors 201 to be removed from the
internal wall of the inferior vena cava 4 (Fig. 62). The filter
200 is therefore free to be moved proximally into the re-
ception space 204 by moving the hook 203 proximally.
The retrieval catheter 202 and the retrieval filter 200 are
then withdrawn from the inferior vena cava 4.

[0229] Fig. 60 illustrates the directional barbs 201 for
retrievability. The blood flow A acts to better embed the
barbs 201 in the vessel wall. The retrieval system 203
pushes the barbs 201 downwards and away from the
artery wall 4. These Figs. are illustrated with four filtering
arms 121 for schematic purposes only. It is intended that
the invention may use any number of arms 121, for ex-
ample up to a maximum of twenty for optimum entrap-
ment of thrombo-embolism.

[0230] Referring to Figs. 63(a) to 63(c) there is illus-
trated another vascular filter assembly according to the
invention. The vascular filter assembly comprises a vas-
cular filter 165 according to the invention and the retrieval
catheter 202. The vascular filter 165 is similar to the vas-
cular filter 120 of Figs. 27 to 30 and 32 to 36, and similar
elements in Figs. 63(a) to 63(c) are assigned the same
reference numerals.

[0231] In this case the filter 165 comprises a plurality
of support arms 167 instead of the support hoop. In the
expanded deployed configuration, the support arms 167
extend radially outwardly from a hinge point 168 (Fig.
63(b)).

[0232] The holder tube 122 is not biodegradable / bi-
oabsorbable in this case.

[0233] In use, the hook 203 is movable proximally rel-
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ative to the retrieval catheter 202 to cause the distal end
of the retrieval catheter 202 to engage the capture arms
166. Further movement of the hook 203 proximally rela-
tive to the retrieval catheter 202 exerts a collapsing force
on the capture arms 166 (Fig. 63(c)) to move the filter
165 from the expanded deployed configuration to the col-
lapsed delivery configuration.

[0234] InFig.63(b)the ends 122, 168 are tethered. On
retrieval, the cap 122 is engaged in the retrieval catheter
202, and the filter 165 is pushed down to elongate the
filter 165 (Fig. 63(c)).

[0235] The elongation of the filter 165 pulls the capture
arms 166 off the internal wall of the inferior vena cava 4.
[0236] The elongation ofthefilter 165is based on hinge
points at the vessel contact areas of the device. In an-
other embodiment the retrieval may be accomplished
from the proximal end by engaging the retrieval hoop at
the proximalinverted apex. This embodimentwould allow
the implanted device to be retrieved from the femoral
puncture site, which may be advantageous.

[0237] Figs. 63(d) to 63(q) illustrate a further vascular
filter 205 according to the invention, which is similar to
the vascular filter 190 of Figs. 56 to 59, and similar ele-
ments in Figs. 63(d) to 63(g) are assigned the same ref-
erence numerals.

[0238] In this case the filter 205 is a removable filter.
The support anchors 206 are biodegradable to facilitate
retrieval of the filter 205 into the retrieval catheter 202
(Fig. 63(f)).

[0239] By looping individual legs with a torque control-
led retrieval system, it will allow individual detachment of
the barbs 201, as illustrated in Figs. 64 to 66 by rotating
the retrieval system such that it engages the filter arms
individually and sequentially.

[0240] InFigs. 64 to 66 there s illustrated another vas-
cular filter assembly according to the invention. The vas-
cular filter assembly comprises a vascular filter 210 ac-
cording to the invention and a retrieval catheter 212. The
vascular filter 210 is similar to the vascular filter 190 of
Figs. 56 to 59, and the retrieval catheter 212 is similar to
the retrieval catheter 202 of Figs. 60 to 63, and similar
elements in Figs. 64 to 66 are assigned the same refer-
ence numerals.

[0241] The retrieval system incorporates an actuation
to aid the removal of the filter arms 121 / anchors from
the cava 4. Retrieval pulls back the central hub 122 and
the filter arms 121 until the actuator 211 abuts the shoul-
der. Then due to the geometry, the individual arms 121
are selectively deflected in a sequence off the cava wall
and towards the centre reducing the retrieval force re-
quired.

[0242] Figs. 67 to 69 illustrate a further vascular filter
220 according to the invention, which is similar to the
vascular filter 1 of Figs. 1 to 9, and similar elements in
Figs. 67 to 69 are assigned the samereference numerals.
[0243] In this case the filter 220 comprises a wire ele-
ment 221 which extends circumferentially and longitudi-
nally in a spiral towards the apex 6 to define the conically
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shaped capture region 7.

[0244] The larger diameter turns of the spiral at the
proximal end 222 of the filter 220 act as the support hoop
to support the filter 220 in position relative to the internal
wall of the inferior vena cava 4.

[0245] The small diameter turns of the spiral at the dis-
tal end 223 of the filter 220 act as the capture arm to
capture thrombus 8 passing through the inferior vena ca-
va 4.

[0246] As illustrated in Figs. 68 and 69, the spiral con-
figuration enables the filter 220 to be collapsed down in
an efficient manner for delivery to the desired location in
the inferior vena cava 4.

[0247] In this case the wire element 221 is not of a
biodegradable or bioabsorbable material.

[0248] Referring to Fig. 70 there is illustrated another
vascular filter 230 according to the invention, which is
similar to the vascular filter 220 of Figs. 67 to 69, and
similar elements in Fig. 70 are assigned the same refer-
ence numerals.

[0249] In this case, when the filter 230 is deployed in
the inferior vena cava 4, the wire element 221 extends
towards the apex 6 in the direction opposite to the direc-
tion of blood flow A through the inferior vena cava 4. As
aresult the wire element 221 defines an annular shaped
capture region 231 located in the region of the internal
wall of the inferior vena cava 4.

[0250] The large diameter turns of the spiral at the dis-
tal end 231 of the filter 230 act as the support hoop.
[0251] Figs. 67 to 70 illustrate coil vena cava filters
220, 230. The filter 220 has a conical section 223 and a
mural section 222. The mural section 222 anchors the
filter device 220 either with radial force or with barbs
which may be bio-resorbable. The coil pitch decreases
towards the apex 6. The coil may be concentric or non
centric. The inverted coil design of Fig. 70 has its mini-
mum pitch at the inversion.

[0252] Thefilter net221 may absorb from inside to out-
side. The wall of the wire element 221 may be thicker at
the outer section. The biodegradable filter 229 may ab-
sorb from the inner section out.

[0253] InFigs. 71 to 76 there is illustrated another vas-
cular filter assembly according to the invention. The vas-
cular filter assembly comprises a vascular filter 240 ac-
cording to the invention and a catheter 241. The vascular
filter 240 is similar to the vascular filter 220 of Figs. 67 to
69, and the catheter 241 is similar to the retrieval catheter
202 of Figs. 60 to 63, and similar elements in Figs. 71 to
76 are assigned the same reference numerals.

[0254] In this case wire element 221 defines an offset
conically shaped capture region 242. When the filter 240
is deployed in the inferior vena cava 4, the apex 6 is offset
from the longitudinal axis B - B extending through the
centre of the inferior vena cava 4, and the capture region
242 is located in the region of the internal wall of the
inferior vena cava 4.

[0255] The catheter 241 is employed as a delivery
catheter to deliver the filter 240 to the desired location in

10

15

20

25

30

35

40

45

50

17

the inferior vena cava 4 (Figs. 74 and 75), and as a re-
trieval catheter to retrieve the filter 240 from the inferior
vena cava 4 (Fig. 76). The hook 203 of the catheter 241
is engagable with a corresponding notch 243 defined on
the wire element 221. The hook 203 is rotated to collapse
the filter 240 from the expanded deployed configuration
(Fig. 72) to the collapsed delivery/ retrieval configuration
(Fig. 73), prior to moving the filter 240 proximally into the
reception space 204, as illustrated in Fig. 76.

[0256] Retrieval of the filter 240 may be performed by
pulling the filter device 240 into the catheter 241. This
retrieval may be simplified by rotating the coil filter 240
in the direction of the helix, which tends to locally peel
the coil 240 away from the intima. Fig. 76 illustrates the
vessel wall with the coil 240 being rotated away.

[0257] Figs. 77 and 78 illustrate a further vascular filter
250 according to the invention, which is similar to the
vascular filter 1 of Figs. 1 to 9, and similar elements in
Figs. 77 and 78 are assigned the same reference numer-
als.

[0258] In this case the capture arms 251 extend in a
cylindrical manner to define a cylindrically shaped cap-
ture region 252.

[0259] Referring to Fig. 79 there is illustrated a further
vascular filter 260 according to the invention, which is
similar to the vascular filter 250 of Figs. 77 and 78, and
similar elements in Fig. 79 are assigned the same refer-
ence numerals.

[0260] In this case the support hoop 261 is provided in
the form of a mesh or trellis 262. The mesh / trellis 262
comprises a number of openings 263 therethrough.
[0261] The mesh design of Fig. 79 may employ a ho-
mogenous mesh, or a variable mesh, for example with
larger openings closer to the wire 261. The mesh may
be fabricated from a bio-resorbable material or may be
metallic or a bio-stable polymer.

[0262] The wire 261 may have a spiral / helical shape
memory. The wire 261 may overlap on the walls or be
joined at the extremities of the trellis 262.

[0263] The filter 260 has a wind sock type design. The
mesh 251 is bonded to the mural structure 261. The sup-
porthoop 261 may have a sinusoid form, or a spiral form,
or a coil form.

[0264] The embolus diverting vena cava filter may be
concentric with the embolus, or may be non concentric.
[0265] The invention is not limited to the embodiments
hereinbefore described, with reference to the accompa-
nying drawings, which may be varied in construction and
detail.

Summary Statements

[0266]
1. A vascular filter comprising:-

one or more capture members for capturing
thrombus passing through a blood vessel; and
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one or more support members for supporting
the one or more capture members relative to a
wall of the blood vessel.

2. A filter as in 1 wherein the support member is
configured to extend circumferentially around a wall
of a blood vessel.

3. A filter as in 2 wherein the support member ex-
tends circumferentially in a wave pattern.

4. A filter as in 2 or 3 wherein the support member
extends circumferentially in a zigzag pattern.

5. A filter as in any of 2 to 4 wherein the support
member extends circumferentially in a crown pat-
tern.

6. A filter as in 2 or 3 wherein the support member
extends circumferentially in a sinusoid pattern.

7. A filter as in any of 1 to 6 wherein the support
member is configured to extend longitudinally along
a wall of a blood vessel.

8. Afilter as in any of 1 to 7 wherein a distal end of
the support member is located distally of a distal end
of the capture member.

9. Afilter as in any of 1 to 8 wherein a proximal end
of the support member is located proximally of a
proximal end of the capture member.

10. Afilter as in any of 1 to 9 wherein the filter com-
prises a first support member configured to extend
circumferentially around a wall of a blood vessel, a
second support member configured to extend cir-
cumferentially around the wall of the blood vessel,
and a third support member configured to extend
longitudinally along the wall of the blood vessel.

11. Afilter as in 10 wherein the third support member
connects the first support memberto the second sup-
port member.

12. A filter as in 10 or 11 wherein the first support
member, the second support member and the third
support member are formed integrally.

13. A filter as in any of 10 to 12 wherein the first
support member is provided at the proximal end of
the filter.

14. Afilter as in any of 10 to 13 wherein the second
support member is provided at the distal end of the

filter.

15. Afilter as in any of 1 to 14 wherein the support
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member comprises a body portion and one or more
openings in the body portion.

16. Afilter as in 15 wherein the support member com-
prises a mesh.

17. Afilterasin 15 or 16 wherein the support member
comprises a trellis.

18. A filter as in any of 1 to 17 wherein the support
member comprises an anchor member.

19. A filter as in 18 wherein the anchor member is
configured to be embedded at least partially into a
wall of a blood vessel.

20. Afilter as in 19 wherein the anchor member com-
prises a barb element.

21. Afilterasin 19 or 20 wherein the anchor member
is configured to be removed from a wall of a blood
vessel.

22. A filter as in 21 wherein the anchor member is
configured to be removed from a wall of a blood ves-
sel upon application of a removal force in a direction
substantially parallel to the longitudinal axis of the
blood vessel.

23. Afilter as in any of 18 to 22 wherein at least part
of the anchor member is biodegradable and/or bio-
absorbable.

24. Afilter as in any of 1 to 23 wherein at least part
of the support member is biodegradable and/or bio-
absorbable.

25. Afilter as in any of 1 to 24 wherein the support
member is movable between a delivery configuration
and a deployed configuration.

26. A filter as in 25 wherein the support member is
collapsed in the delivery configuration.

27. Afilterasin 25 or 26 wherein the support member
is expanded in the deployed configuration.

28. Afilter as in any of 25 to 27 wherein the support
member is biased towards the deployed configura-
tion.

29. Afilter as in any of 1 to 28 wherein at least part
of the capture member is biodegradable and/or bio-
absorbable.

30. Afilter as in 29 wherein all of the capture member
is biodegradable and/or bioabsorbable.
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31. Afilter as in any of 1 to 30 wherein the capture
member comprises one or more predetermined fail-
ure points.

32. Afilter as in 31 wherein the capture member has
a designed in reduced tensile strength failure point.

33. Afilter asin 32 wherein the capture member com-
prises one or more openings through a wall of the
capture member at the failure point.

34. Afilter as in any of 1 to 33 wherein the filter com-
prises one or more linking members to link one cap-
ture member to an adjacent capture member.

35. Afilter as in 34 wherein at least part of the linking
member is biodegradable and/or bioabsorbable.

36. A filter as in any of 1 to 35 wherein the capture
member is attached to the support member.

37. A filter as in 36 wherein the capture member is
attached to the support member in a snap-fit ar-
rangement.

38. Afilter as in 36 wherein part of the capture mem-
ber is wrapped around the support member.

39. A filter as in 36 wherein the capture member is
provided integral with the support member.

40. A filter as in any of 1 to 39 wherein the capture
member is movable between a capturing configura-
tion and an open configuration.

41. A filter as in 40 wherein the capture member is
biased towards the open configuration.

42. Afilter as in 40 or 41 wherein the filter comprises
a holder member to hold the capture member in the
capturing configuration.

43. Afilter as in 42 wherein at least part of the holder
member is biodegradable and/or bioabsorbable.

44. Afilter as in 42 or 43 wherein the holder member
comprises a coil around at least part of the capture
member.

45. Afilter as in 42 or 43 wherein the holder member
comprises a tube around at least part of the capture
member.

46. Afilter as in 42 or 43 wherein the holder member
extends through an opening in the capture member.

47. Afilter as in 46 wherein the holder member com-
prises a suture.
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48. A filter as in any of 42 to 47 wherein the holder
member comprises one or more predetermined fail-
ure points.

49. Afilter as in 48 wherein the holder member has
a reduced tensile strength at the failure point.

50. A filter as in 49 wherein the holder member com-
prises one or more openings through a wall of the
holder member at the failure point.

51. Afilter as in any of 1 to 50 wherein the capture
member extends towards an apex.

52. Afilter as in 51 wherein in the capturing config-
uration, the capture member extends towards the
apex.

53. A filter as in 51 or 52 wherein the apex is sub-
stantially in-line with a longitudinal axis extending
through the centre of a blood vessel.

54. A filter as in 51 or 52 wherein the apex is sub-
stantially offset from a longitudinal axis extending
through the centre of a blood vessel.

55. Afilter as in any of 51 or 54 wherein two or more
of the capture members engage one another at the
apex.

56. Afilter as in 55 wherein an end of a first capture
member is configured to nest with an end of a second
capture member at the apex.

57. Afilter as in any of 51 or 56 wherein the capture
member extends in the direction of blood flow
through a blood vessel.

58. Afilter as in any of 51 to 56 wherein the capture
member extends in a direction opposite to the direc-
tion of blood flow through a blood vessel.

59. Afilter as in any of 51 to 58 wherein the capture
member extends in a spiral towards the apex.

60. Afilter as in any of 51 to 58 wherein at least part
of the capture member extends in a curve.

61. Afilter as in 60 wherein the convex portion of the
curve faces radially outwardly.

62. A filter as in 60 wherein the concave portion of
the curve faces radially outwardly.

63. A filter as in any of 1 to 62 wherein the capture
member defines a capture region within which throm-
bus may be captured.
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64. A filter as in 63 wherein in the capturing config-
uration, the capture member defines the capture re-
gion.

65. Afilter as in 63 or 64 wherein the capture region
is configured to be located in the region of the centre
of a blood vessel.

66. A filter as in 63 or 64 wherein the capture region
is configured to be located in the region of a wall of
a blood vessel.

67. Afilter as in any of 63 to 66 wherein the capture
region is substantially annular shaped.

68. A filter as in any of 63 to 66 wherein the capture
region is substantially conically shaped.

69. A filter as in any of 63 to 66 wherein the capture
region is substantially cylindrically shaped.

70. A filter as in any of 1 to 69 wherein the capture
member is movable between a delivery configuration
and a deployed configuration.

71. A filter as in 70 wherein the capture member is
collapsed in the delivery configuration.

72. Afilterasin 70 or 71 wherein the capture member
is expanded in the deployed configuration.

73. Afilter as in any of 70 to 72 wherein the capture
member is biased towards the deployed configura-
tion.

74. Afilter as in any of 1 to 73 wherein the filter com-
prises one or more tensioning members to tension
the capture member.

75. Afilter as in 74 wherein the tensioning member
is movable between a capturing configuration and
an open configuration.

76. Afilter as in 75 wherein the tensioning member
is biased towards the open configuration.

77. A filter as in any of 74 to 76 wherein the filter
comprises one or more connecting members to con-
nect the tensioning member to the capture member.

78. A filter as in 77 wherein at least part of the con-
necting member is biodegradable and/or bioabsorb-
able.

79. Afilter as in any of 1 to 78 wherein the filter com-
prises one or more balance members extending in
the opposite direction to the capture member.
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80. A filter as in 79 wherein the balance member is
attached to the support member.

81. Afilter as in 79 or 80 wherein at least part of the
balance member extends in a curve.

82. Afilter as in 81 wherein the convex portion of the
curve faces radially outwardly.

83. Afilter as in any of 1 to 82 wherein the filter com-
prises a vena cava filter.

84. A filter as in 83 wherein the filter comprises an
inferior vena cava filter.

85. A vascular filter substantially as hereinbefore de-
scribed with reference to the accompanying draw-
ings.

86. A vascular filter assembly comprising:-
a vascular filter as in any of 1 to 85; and

a delivery device for delivering the filter to a de-
sired location in a blood vessel.

87. An assembly as in 86 wherein at least part of the
delivery device is movable between a delivery con-
figuration and a deployed configuration.

88. An assembly as in 87 wherein at least part of the
delivery device is collapsed in the delivery configu-
ration.

89. An assembly as in 87 or 88 wherein at least part
of the delivery device is expanded in the deployed
configuration.

90. An assembly as in any of 87 to 89 wherein the
delivery device is inflatable.

91. Anassembly as in 90 wherein the delivery device
comprises a balloon member.

92. An assembly as in any of 87 to 91 wherein the
delivery device comprises a cover member to atleast
partially cover the filter in the delivery configuration.
93. An assembly as in 92 wherein the cover member
is movable relative to the filter to uncover the filter in

the deployed configuration.

94. An assembly as in 92 or 93 wherein the cover
member comprises a sheath.

95. A vascular filter assembly comprising: -

a vascular filter as in any of 1 to 85; and
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a retrieval device for retrieving the filter from a
location in a blood vessel.

96. An assembly as in 95 wherein the retrieval device
comprises an engagement member for engaging the
filter.

97. An assembly as in 95 or 96 wherein the retrieval
device defines a reception space for at least partially
receiving the filter.

98. An assembly as in 97 wherein the engagement
member is movable relative to the reception space
to at least partially receive the filter in the reception
space.

99. A vascular filter assembly substantially as here-
inbefore described with reference to the accompa-
nying drawings.

100. A method of treating a blood vessel, the method
comprising the step of deploying a vascular filter at
a desired location in the blood vessel, the filter cap-
turing thrombus passing through the blood vessel.

101. A method as in 100 wherein the method com-
prises the step of delivering the filter in a delivery
configuration to the desired location in the blood ves-
sel.

102. A method as in 101 wherein at least part of the
filter moves from the delivery configuration to a de-
ployed configuration at the desired location in the
blood vessel.

103. A method as in any of 100 to 102 wherein de-
ployment of the filter embeds at least part of the filter
into a wall of the blood vessel.

104. A method as in any of 100 to 103 wherein at
least part of the filter moves from a capturing config-
uration in which thrombus passing through the blood
vessel is captured, to an open configuration.

105. A method as in any of 100 to 104 wherein the
method comprises the step of retrieving the filter from
the blood vessel.

106. A method as in 105 wherein the method com-
prises the step of removing the filter from the wall of
the blood vessel.

107. A method as in 106 wherein a removal force is
applied in a direction substantially parallel to the lon-
gitudinal axis of the blood vessel to remove the filter
from the wall of the blood vessel.

108. A method of treating the vena cava as in any
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of 100 to 107.

109. A method of treating the inferior vena cava as
in 108.

110. A method of treating a blood vessel substan-
tially as hereinbefore described with reference to the
accompanying drawings.

Claims

A vascular filter comprising:

one or more capture members for capturing
thrombus passing through a blood vessel; and
one or more support members for supporting
the one or more capture members relative to a
wall of the blood vessel,

wherein at least part of the capture member is bio-
absorbable and/or biodegradable, and wherein at
least part of the support member is bioabsorbable
and/or biodegradable.

A filter as claimed in claim 1, wherein all of the cap-
ture member is biodegradable and/orbioabsorbable,
and/or wherein all of the support member is biode-
gradable and/or bioabsorbable.

A filter as claimed in any of claims 1 or 2, wherein
the support member comprises a body portion and
one or more openings in the body portion.

A filter as claimed in claim 3, wherein the support
member comprises a mesh or a trellis.

A filter as claimed in any of claims 1 to 4, wherein
the capture member extends in a spiral towards an
apex.

A filter as claimed in any of claims 1 to 5, wherein
the support member includes an anchor member.

A filter as claimed in any of claims 1 to 6, wherein
the filter comprises a first support member config-
ured to extend circumferentially around a wall of a
blood vessel, a second support member configured
to extend circumferentially around the wall of a blood
vessel, and a third support member configured to
extend longitudinally along the wall of the blood ves-
sel.

A filter as claimed in any of claims 1 to 7, wherein
the filter comprises one or more tensioning members

to tension the capture member.

A filter as claimed in claim 8 wherein the tensioning
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member is movable between a capturing configura-
tion and an open configuration, and wherein the ten-
sioning member is biased towards the open config-
uration.

A filter as claimed in claims 8 or 9, wherein the filter
comprises one or more connecting members to con-
nect the tensioning member to the capture member.

A filter as claimed in claim 10, wherein at least part
of the connecting member is biodegradable and/or
bioabsorbable.

A filter as claimed in any of claims 1 to 11, wherein
the filter comprises one or more balance members
extending in the opposite direction to the capture
member.

A filter as claimed in claim 12, wherein the balance
member is attached to the support member.

A filter as claimed in claim 12 or 13, wherein at least
part of the balance member extends in a curve.

Afilter as claimed in claim 14, wherein a convex por-
tion of the curve faces radially outwardly.

10

15

20

25

30

35

40

45

50

55

22

42



EP 3 338 735 A1

23



EP 3 338 735 A1

1 10 /4 1

N e
NV NN XN AN SN NN
4 ( — —_— 4—-—-]q

)
N\\\\AA\M\\\\\W

4—6 33 2 4 Fig. 5

e yd
?\\\\\\k&ﬁ\\\\l

5 e__/%gg :ﬁH§

q H\\\\?’\\/\\\/L\\\\\\

fo 4— 6 ?3 2 1 Fig. 6
N \K\\\\//\\/\\\\\T
AL
NN \\\7\/\(\\L\\\\\\
/,"L lOO é :!23 'B 2 1 Fig. 7
J\’\ J \\\\\\/‘\\\ NN
K *H// """
b [//\L\/\\\! .
w00 bt 4 Fig. 8
P _
=
L . \
| =
2

Fig. 9

24



EP 3 338 735 A1

25



EP 3 338 735 A1

26



EP 3 338 735 A1

50
Y/ - W
I/ N =\ 40
= =% ¥
) C
“ 1 J
[ ] ~4{
o
I f
. [
\ - j
1\ i
5 Wi
\ E——
i —
Fig. 17 Fig. 16
Z 56
Fig. 17(b)
o

27



EP 3 338 735 A1

SEIEE e Y Fig 20

28






EP 3 338 735 A1

30



EP 3 338 735 A1

31



EP 3 338 735 A1

300

201
)

/ 305
/o

3%?4—

312

Iy

2205

Fig. 26(b)

32



EP 3 338 735 A1

Fig. 26(c)

33



EP 3 338 735 A1

. /
. v = =4 23 7| = AN 15 - T SR
. i ]
W / )
el .|v
....... _ o

(P)9T 314

ot L2 0 i | =

-
o €% |
s s | )/ i

D =

34



EP 3 338 735 A1

~— N

Fig. 26(h)

35



EP 3 338 735 A1

& /"9{ g \c-
= Fig. 26(K) ! Fig. 26(1)

Fig. 26(n)

Fig. 26(m)

36



EP 3 338 735 A1

Fig. 29

12

S

37



EP 3 338 735 A1

i 10 4
)\ e 2
)L\ ;A AN \2\ NNN \/>(< NN

T
NIANRNAN 7’\‘\\(\*\\\\ NG

127- & 121- lL’ZO

Fig. 32

Lo 4‘ 121 z
./gy\\x\\A\»&\\q

1226 # 120 Flg 33
P z

NN \/\\\\/\X\\\,(\T

Fig. 36

38



EP 3 338 735 A1

140
y
121
141
142
122
6 2
Fig. 37
140
141
JVii
142
Fig. 38
142 171
Z {41

— -

(47

39



EP 3 338 735 A1

{45

146

L44

Fig. 30(b)
145
{21 ¥
)) 146
— L = =
| /

Fig. 39(a)

40



EP 3 338 735 A1

A0 i;-L AP g
QB\“\Y\A\X\A\\YI
) | / i

= =

) T
NN \\/\\A\\\\\\\\T\

: io 4 122 66 /]L /w@/ﬂ% Fig. 40
mw«xwoww\xv ‘ f
? I /,f/\\\\j

{

l

)
E\\\J\\(\\\\\\\\

4__ 6 121 14'51% Fig. 41

< \\\\V\YX\\\xfg
( | ipf/

[ |
h\\\Ay\V\\\\\\T

Fig. 42

/4— (7 121 % /m?i% |
NN N \l AVAND \/ NN N

A
:;t ", - “,, ;
gﬂ3ﬁ/f\x """
L ) \"'-., . ‘\\ . \ ’”\_‘ \,\ \\j

S/ SN,
oo’ 172 {L Eio 42
i 121 ©
yal _ )

4 \\ // . N \\ \ Y < L
A /

_,(*
) N \
Fig. 44

41



EP 3 338 735 A1

fyan {48
N/
141
'1215 142
& f
Fig. 44(b)
(21

148
¢

= D_WJ—-—__,,\;___ P e
&

Fig. 44(a)

42



EP 3 338 735 A1

4 22 6 171
J//?//)\)///'///”ii//2
7 7= L o

H==r <

L///////\///I///7g

-

—

-

(2 4 124 /:L?_o 6 st Fig. 45
JAV/A//V//////ﬂi%
N 3

127 (
L///////’H/ L LS LT 7] Fg a6

122 ) ?4 _[21_ 151 2 151
L/\/’///F//////////ﬂ

|54 o=

é;{_ ;‘( il@ Fig. 47
3 _12?:\ LZ\i ‘8 Lz
J/’/g,/\//////////ﬂ

\ A __;'__ = : 2)

[ 2 AT 7 77 7 7

& 2
‘ 7 120 Fig. 48
) 121 ;
, ) -
J o Co A L s : - -
¢ - - e b 5 l/ Vd i &, / e e / < ,’/‘l
Y A
/ - T ;
/4‘ "" - ‘/,‘ l"/ /'F..- -/,.' ‘..J/,' ”/,*——’/"r ,/,n !"./ “"_" 'l"" /. -
— j} Fig. 49

43



EP 3 338 735 A1

44



EP 3 338 735 A1

/ .
Fig. 52(c) - 121 203
Fig. 52(b)

45



EP 3 338 735 A1

242

{721

Fig. 52(e)

=~

46



EP 3 338 735 A1

.....................

Fig. 52(h)

47



EP 3 338 735 A1

Fig. 52(k)
)
VPO N AL
s Vs s v /!//
Fig. 52(D)
&
)
d
/.
Fig. 52(m)
>
A
/
Fig. 52(n)

48



EP 3 338 735 A1

[+

B

[ N N\ />< \/)\ \\\\\\\ N

Fig. 54
f10 13 s a1 Fig

49



EP 3 338 735 A1

19t

¥

L
1%2\, m b}
\ Fig. 59

122
/ Fig. 56
{6[ L 5 / 1g.

b\\ \\\\\\\\ \\\\\

Fig. 58

50



EP 3 338 735 A1

4 171

L/////////l

In e
( \ !

r/fﬂf//x/ﬁ
7z ’7///// 7

/204‘

{ ) 122 [

51



EP 3 338 735 A1

165

167

N L68

Fig. 63(b)

52



EP 3 338 735 A1

53



EP 3 338 735 A1

Zii Z2il
L -
Fig. 66
Fig. 65

54



EP 3 338 735 A1

F’/ 222

2202

Fig. 68

Z3p

*

221

55



EP 3 338 735 A1

2ZZ

221

56



EP 3 338 735 A1

S

=

Fig. 77

G

57



10

15

20

25

30

35

40

45

50

55

EP 3 338 735 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

EUROPEAN SEARCH REPORT

[

EPO FORM 1503 03.82 (P04C01)

Application Number

EP 18 15 4735

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,
of relevant passages

CLASSIFICATION OF THE
APPLICATION (IPC)

Relevant
to claim

X
Y

DE 40 30 998 Al (STRECKER ERNST PETER PROF|1
DR M [DE]) 18 April 1991 (1991-04-18)
* column 4, Tine 35 - Tine 49; figure 5 * (4
* column 2, Tline 4 - line 16 *
EP 0 864 301 Al (SCHNEIDER USA INC [US]) |4
16 September 1998 (1998-09-16)
* figure 1 *

US 6 013 093 A (NOTT SEPIDEH H [US] ET AL) |5
11 January 2000 (2000-01-11)
* figure 8 *

US 2003/144688 Al (BRADY EAMON [IE] ET AL)|7
31 July 2003 (2003-07-31)
* figure 155 *

WO 2006/074163 A2 (CRUX BIOMEDICAL INC 8
[US]; JOHNSON ERIC [US]; FOGARTY THOMAS J
[US]; AR) 13 July 2006 (2006-07-13)

* figure 64b *

US 5 350 398 A (PAVCNIK DUSAN [US] ET AL)
27 September 1994 (1994-09-27)

* figure 4 *

US 2006/025852 Al (ARMSTRONG JOSEPH R [US]|1
ET AL) 2 February 2006 (2006-02-02)
* paragraph [0096] *

The present search report has been drawn up for all claims

10-15
12-15

12-15

-3,6, | INV.
A61F2/01

»5,7-9,

»9

TECHNICAL FIELDS
SEARCHED (IPC)

AG1F

Place of search

Munich

Date of completion of the search

14 May 2018

Examiner

Franz, Volker

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

58




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 3 338 735 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 18 15 4735

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

14-05-2018
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 4030998 Al 18-04-1991  NONE

EP 0864301 Al 16-09-1998 CA 2229315 Al 12-08-1998
DE 69829430 D1 28-04-2005
DE 69829430 T2 01-09-2005
EP 0864301 Al 16-09-1998
JP H10225458 A 25-08-1998
us 5919224 A 06-07-1999
us 6193748 Bl 27-02-2001

US 6013093 A 11-01-2000  NONE

US 2003144688 Al 31-07-2003 US 2003144688 Al 31-07-2003
US 2006122645 Al 08-06-2006

WO 2006074163 A2 13-07-2006  EP 1841488 A2 10-10-2007
US 2006241675 Al 26-10-2006
US 2006241676 Al 26-10-2006
US 2006241677 Al 26-10-2006
US 2006241678 Al 26-10-2006
US 2006241679 Al 26-10-2006
US 2006241680 Al 26-10-2006
US 2006248871 Al 09-11-2006
US 2008021497 Al 24-01-2008
US 2009306704 Al 10-12-2009
US 2010324590 Al 23-12-2010
US 2012179196 Al 12-07-2012
US 2013035715 Al 07-02-2013
US 2013184744 Al 18-07-2013
US 2013190804 Al 25-07-2013
US 2013231696 Al 05-09-2013
US 2013267991 Al 10-10-2013
US 2013282043 Al 24-10-2013
US 2013282044 Al 24-10-2013
US 2013282045 Al 24-10-2013
US 2013289519 Al 31-10-2013
US 2013289609 Al 31-10-2013
US 2013289610 Al 31-16-2013
US 2013289611 Al 31-10-2013
US 2013296918 Al 07-11-2013
WO 2006074163 A2 13-067-2006

US 5350398 A 27-09-1994  NONE

US 2006025852 Al 02-02-2006 AU 2005274097 Al 23-02-2006
AU 2009200326 Al 19-02-2009

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
page 1 of 2

59




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 3 338 735 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 18 15 4735

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

14-05-2018
Patent document Publication Patent family Publication
cited in search report date member(s) date
CA 2575459 Al 23-02-2006
EP 1773250 Al 18-04-2007
JP 4988570 B2 01-08-2012
JP 2008508073 A 21-03-2008
US 2006025852 Al 02-02-2006
US 2008281393 Al 13-11-2008
WO 2006020425 Al 23-02-2006
For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
page 2 of 2

60




&

TRERFAKIE 3 (340) » B AT RERRAR(4) b 9% F BT RERRAR(4) 3 %0 s Bl it 36 49
s A (S) AR L B AR T AT RERRARIE 5 (340) &L.45 30 0% XL AFIE(302) ~ % L (12)
Fofe 3 3 4 455 (302)Fw 3 % AR (312)2 RAE A 89 % 18 X 442 (303) » 38 B (340):8 i3

FREMAST (2D ATHRHARESHIITHERL - AT 2DASITHEERE -
A W TE AR SR AT (12D RS R E P



	bibliography
	abstract
	description
	claims
	drawings
	search report

