WO 2006111944 A1 | 0|00 000 00O 0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
26 October 2006 (26.10.2006)

(10) International Publication Number

WO 2006/111944 A1l

(51) International Patent Classification:
AG6IF 2/01 (2006.01)

(21) International Application Number:
PCT/TE2006/000035

(22) International Filing Date: 18 April 2006 (18.04.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/672,431 18 April 2005 (18.04.2005) US
(71) Applicant (for all designated States except US):
SALVIAC LIMITED [IE/E]; 39-40 Upper Mount

Street, Dublin 2 (IE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FAHEY, Gary
[IE/TE]; Rosscahill, County Galway (IE). KELLY, Ronald
[IE/IE]; Cannistown, The Pidgeons, Athlone, County
Westmeath (IE). GRIFFIN, Patrick [IE/IE]; Coolough,
Briar Hill, Castlegar, County Galway (IE). BRADY,
Eamon [IE/IE]; 12 Karol Avenue, Elphin, County
Roscommon (IE).

(74) Agent: O’BRIEN, John, A. &; c/o John A. O'BRIEN
& Associates, Third Floor, Duncairn House, 14 Carysfort
Avenue, Blackrock,, County Dublin (IE).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(81)

(84)

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: A FILTER CATHETER

2 1o 2 5
| ;]
a 6 32

(57) Abstract: A filter retrieval catheter for retrieving an embolic protection filter (50) from a vasculature. The catheter comprises
a catheter shaft (2) having a rapid exchange guidewire opening (4) in a sidewall of the catheter shaft (2) to facilitate rapid exchange
of the catheter over a guidewire (5). To prevent buckling or kinking of the catheter shaft (2) in the region of the guidewire opening
(4) during retrieval of the embolic protection filer (50), the catheter comprises two elongate reinforcement elements (6, 3) extending
along the catheter shaft (2). The first reinforcement element (6) comprises an elongate wire element extending from a proximal
end located proximally of the guidewire opening (4) to a distal end located distally of the guidewire opening (4). The second rein-
forcement element (3) comprises an elongate tubular element extending from a proximal end located adjacent to and distally of the
guidewire opening (4) to a distal end (9) located further distally of the guidewire opening (4). The tube (3) tapers distally radially
outwardly adjacent to the distal end (9). This tapered part (9) of the tube (3) is fixedly attached to the interior surface of the catheter

shaft (2).
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"A Filter Catheter”

Introduction

This invention relates to a filter catheter. In particular this invention relates to a filter

catheter suitable for rapid exchange over a guidewire.

During advancement of a retrieval catheter through a potentially narrow and/or
tortuous vasculature, there is a risk of damage being caused to the vasculature. In
addition, a retrieval catheter may be subject to relatively large compressive forces
during retrieval of an object, such as an embolic protection filter with a large embolic
load, into the catheter. A risk of buckling or kinking of a retrieval catheter may

therefore arise during retrieval.

This invention is aimed at providing a filter catheter which addresses at least some of

these difficulties.

Statements of Invention

According to the invention there is provided a filter catheter comprising:-

a catheter shaft having a lumen extending at least partially

therethrough;

the catheter shaft having a rapid exchange guidewire opening in a
wall of the catheter shaft, the guidewire opening being located a
substantial distance distally of a proximal end of the catheter for rapid

exchange of the catheter over a guidewire; and
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at least one reinforcement extending along the catheter shaft within
the catheter shaft lumen to reinforce the catheter shaft in the region of

the guidewire opening;

the reinforcement comprising a tubular element having a lumen

extending therethrough aligned with the guidewire opening.

The tubular reinforcement acts to facilitate push to be transmitted distally without

adversely affecting the radial flexibility of the catheter.

In one embodiment of the invention the tubular element extends distally of the
guidewire opening. A proximal end of the tubular element may be located adjacent
to the guidewire opening and a distal end of the tubular element may be located
distally of the guidewire opening. In one case the tubular element terminates
proximally of a distal end of the catheter. A distal end of the tubular element may be
attached to the catheter shaft. The distal end of the tubular element may be attached
to an internal surface of the catheter shaft. At least part of the tubular element may

taper distally radially outwardly.

In one embodiment the longitudinal axis of the tubular element is radially aligned
with the longitudinal axis of the guidewire opening. The catheter shaft lumen may
comprise a guidewire lumen through which a guidewire may be passed for rapid
exchange of the catheter over the guidewire. The tubular element lumen may
comprise a guidewire lumen through which a guidewire may be passed for rapid

exchange of the catheter over the guidewire.

According to the invention there is provided a filter catheter comprising: -

a catheter shaft;
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the catheter shaft having a rapid exchange guidewire opening in a wall of the
catheter shaft, the guidewire opening being located a substantial distance
distally of a proximal end of the catheter for rapid exchange of the catheter

over a guidewire; and

at least one reinforcement extending along the catheter shaft to reinforce the

catheter shaft in the region of the guidewire opening.

In one embodiment of the invention the catheter shaft has a reception space into
which an object may be retrieved. The reinforcement may be substantially elongate.

The catheter may comprise a first reinforcement and a second reinforcement.

In one case the catheter shaft proximally of the guidewire opening is relatively stiff
to provide the catheter with sufficient column strength and buckle strength during
retrieval of an object, such as an embolic protection filter with a large embolic load,
into the reception space, and the catheter shaft distally of the guidewire opening is
relatively flexible to facilitate advancement of the catheter through a potentially
narrow and/or tortuous vasculature without causing damage to the vasculature. The
reinforcement acts to reinforce the column strength and buckle strength of the
catheter shaft in the region of the guidewire opening to prevent buckling or kinking
of the catheter shaft at the transition between the proximal stiff catheter shaft and the

distal flexible catheter shaft during retrieval.

In one embodiment the reinforcement extends distally of the guidewire opening. A
proximal end of the reinforcement may be located proximally of the guidewire
opening and a distal end of the reinforcement may be located distally of the
guidewire opening. A proximal end of the reinforcement may be located distally of
the guidewire opening and a distal end of the reinforcement may be located further
distally of the guidewire opening. The reinforcement may extend distally to a distal
end of the catheter. The reinforcement may terminate proximally of a distal end of

the catheter.
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In another embodiment the catheter shaft has a lumen extending at least partially
therethrough, and the reinforcement extends along the catheter shaft within the
catheter shaft lumen. By extending the reinforcement within the lumen of the
catheter shaft, this arrangement minimises the crossing profile of the retrieval
catheter. The catheter shaft lumen may comprise a guidewire lumen through which a
guidewire may be passed for rapid exchange of the catheter over the guidewire. The
guidewire opening may face in a direction substantially parallel to the longitudinal
axis of the catheter shaft. Because the guidewire opening faces parallel to the
catheter shaft, the overall crossing profile of the retrieval catheter and the guidewire
at the guidewire opening is minimised. = The guidewire opening may face in a
direction which subtends an acute angle with the longitudinal axis of the catheter

shaft. In one case the guidewire opening faces proximally.

In a further embodiment the longitudinal axis of the reinforcement is radially offset
from the longitudinal axis of the guidewire opening. The longitudinal axis of the
reinforcement may be radially aligned with the longitudinal axis of the guidewire
opening. The reinforcement may have a lumen extending therethrough aligned with
the guidewire opening. The reinforcement lumen may comprise a guidewire lumen
through which a guidewire may be passed for rapid exchange of the catheter over the
guidewire. The reinforcement may comprise a guide to guide passage of a guidewire
into the reinforcement lumen. The guide may comprise a funnel. In one case the
funnel is provided at a distal end of the reinforcement. The reinforcement may

comprise a tubular element.

In another embodiment the reinforcement has a small cross sectional area relative to
the cross sectional area of the guidewire opening. The reinforcement may comprise

a wire element.

In a further embodiment the reinforcement has a cross sectional area substantially

equal to the cross sectional area of the guidewire opening.
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At least part of the reinforcement may taper distally radially outwardly. At least part
of reinforcement may taper distally radially inwardly. The tapering part of the
reinforcement may be located adjacent to a distal end of the reinforcement. The
tapered part of the reinforcement facilitates ease of attachment of the reinforcement

to the catheter shaft.

In one case a distal end of the reinforcement is attached to the catheter shaft. In
another case a distal end of the reinforcement is detached from the catheter shaft. A

proximal end of the reinforcement may be attached to the catheter shaft.

In one embodiment the stiffness of the reinforcement is greater than the stiffness of
the catheter shaft. The second moment of area of the catheter shaft may be greater

than the second moment of area of the reinforcement.

The catheter shaft may taper proximally radially inwardly towards the guidewire
opening. The catheter may comprise a guide to guide passage of a guidewire
through the guidewire opening. The reinforcement may comprise the guide. The

guide may be provided by an end face of the reinforcement.

In another embodiment the catheter shaft has a substantially uniform outer diameter
from the guidewire opening to a distal end of the catheter shaft. The outer diameter
of the catheter shaft may vary along the length of the catheter between the guidewire
opening and the distal end of the catheter shaft. The catheter shaft may have a
reduced diameter portion. The reduced diameter portion may extend longitudinally
for a part of the distance between the guidewire opening and the distal end of the
catheter shaft. The reduced diameter portion may extend longitudinally for
substantially the full distance between the guidewire opening and the distal end of
the catheter shaft.



WO 2006/111944

In one

PCT/IE2006/000035

case the invention provides a filter retrieval catheter. In another case the

invention provides a filter delivery catheter.

5 Brief Description of the Drawings

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:-

10

15

20

25

30

Fig.1 is a cross-sectional, side view of a filter catheter according to the

invention and a guidewire;

Fig. 2 is an enlarged, cross-sectional, side view of a part of the filter catheter

of Fig. 1 and the guidewire;

Figs. 2(a) and 2(b) are partially cross-sectional, side views of the filter

catheter of Fig. 1, in use;

Figs. 2(c) and 2(d) are views similar to Figs. 1 and 2 of another filter catheter

according to the invention;

Figs. 3 to 6 are cross-sectional, side views of other filter catheters according

to the invention;

Fig. 7 is a cross-sectional, side view of the filter catheter of Fig. 6, in use;

Figs. 8 to 13 are cross-sectional, side views of other filter catheters according

to the invention;
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Figs. 14 and 15 are partially cross-sectional, side views illustrating retrieval

of an embolic protection filter into a catheter;

Figs. 16 and 17 are cross-sectional, side views of further filter catheters

according to the invention; and

Fig. 18 is a partially cross-sectional, side view of another filter catheter

according to the invention.

Detailed Description

Referring to the drawings, and initially to Figs. 1 to 2(b) thereof, there is illustrated a
filter retrieval catheter according to the invention, which is suitable for retrieving an
embolic protection filter 50 from a vasculature. The catheter is particularly suitable
for retrieving the type of embolic protection filters described in International patent
applications published under numbers WO 01/80777, and WO 03/055412, the

relevant contents of which are incorporated herein by reference.

The catheter comprises a catheter shaft 2 having a guidewire opening 4 in a sidewall
of the catheter shaft 2. The guidewire opening 4 is a rapid exchange guidewire
opening and is located a substantial distance distally of a proximal end of the
catheter shaft 2 to facilitate rapid exchange of the catheter over a guidewire 5. In this

case, the guidewire opening 4 is located approximately 30 cm from a distal end 1 of
the catheter shaft 2.

The guidewire opening 4 faces proximally and is aligned for passage of the
guidewire 5 out through the opening 4 in a direction which subtends an acute angle

with the longitudinal axis of the catheter shaft 2 (Fig. 2).
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Distally of the guidewire opening 4, the catheter shaft 2 has a guidewire lumen
extending from the guidewire opening 4 to the distal end 1 of the catheter shaft 2.
The catheter shaft 2 has an open mouth at the distal end 1, and the guidewire lumen
is in communication with the open mouth and with the guidewire opening 4. In this
manner, a guidewire 5 may be passed through the open mouth into the guidewire
lumen, through the guidewire lumen and out through the guidewire opening 4 for

rapid exchange of the catheter over the guidewire 5.

The guidewire lumen acts as a reception space to enable an embolic protection filter
50 to be retrieved from a vasculature into the guidewire lumen through the open

mouth.

Proximally of the guidewire opening 4, the catheter shaft 2 is of a relatively stiff
material to ensure that the catheter has sufficient column strength and buckle
strength to enable an embolic protection filter 50 to be retrieved into the catheter.
Retrieval of the embolic protection filter 50 may involve relatively large forces being
exerted on the catheter shaft 2 as the filter 50 with a potentially large embolic load is
collapsed and retrieved through the open mouth and into the guidewire lumen (Figs.

2(a) and 2(b)).

The distal end 1 of the catheter shaft 2 preferably has an expansile tip to
accommodate retrieval of a potentially large embolic filter into the catheter shaft 2,

as illustrated in Fig. 2(b).

Distally of the guidewire opening 4, the catheter shaft 2 is of a relatively flexible
material to ensure that the catheter is sufficiently trackable and flexible to prevent
damage being caused during advancement of the catheter through a potentially

narrow and/or tortuous vasculature.

To prevent buckling or kinking of the catheter shaft 2 in the region of the guidewire

opening 4 during retrieval of the embolic protection filter 50, the catheter comprises
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two elongate reinforcement elements 6, 3 extending along the catheter shaft 2 within
the guidewire lumen. The reinforcements 6, 3 have respective stiffnesses greater
than the stiffness of the catheter shaft 2, and respective second moments of area less
than the second moment of area of the catheter shaft 2. This arrangement results in
the reinforcements 6, 3 acting to reinforce the column strength and buckle strength of
the catheter shaft 2 in the region of the guidewire opening 4 during retrieval. The
reinforcements provide a linear transition in stiffness. The inner tube 3 is made from
a higher stiffness (£) polymer to provide additional compression resistance during
retrieval. Even though the inner tube 3 has a high material modulus (F), its smaller
outer and inner diameters means that the 2™ moment of Area (/) value for the inner

tube 3 is lower than for the outer tube 2.

The combined EI value for the outer tube 2 — inner tube 3 construction is lower than

for a single tube made from the same material.

The first reinforcement element 6 comprises an elongate wire element extending
from a proximal end located proximally of the guidewire opening 4 to a distal end
located distally of the guidewire opening 4. The wire 6 extends through a wire
lumen in the catheter shaft 2 proximally of the guidewire opening 4, exits the wire
lumen distally of the guidewire opening 4 at a lumen outlet, and extends through the
guidewire lumen to the distal end of the wire 6. The proximal end of the wire 6 is
fixedly attached to the interior surface of the catheter shaft 2, for example by means

of welding.

As illustrated in Fig. 2, the longitudinal axis of the wire 6 is radially offset from the
longitudinal axis of the guidewire opening 4, and the cross sectional area of the wire

6 is small relative to the cross sectional area of the guidewire opening 4.

A polymer jacket 7, for example of polyethylene, is provided around the wire 6 and

extending along the wire 6.



WO 2006/111944 PCT/IE2006/000035

10

15

20

25

30

10

At a distal region 6a, the wire 6 tapers distally radially inwardly (Fig. 1). This taper

provides a further means of stiffness transition across the guidewire opening 4.

The second reinforcement element 3 comprises an elongate tubular element
extending from a proximal end located adjacent to and distally of the guidewire
opening 4 to a distal end 9 located further distally of the guidewire opening 4. In this
case, the distance between the proximal end and the distal end 9 is approximately 15
cm. The longitudinal axis of the tube 3 is aligned with the longitudinal axis of the
guidewire opening 4. As illustrated in Fig. 2, the cross sectional area of the tube 3 is

substantially equal to the cross sectional area of the guidewire opening 4.

The tube 3 has a guidewire lumen extending therethrough. The proximal end of the
guidewire lumen is aligned with and is in communication with the guidewire
opening 4, and the distal end of the guidewire lumen is aligned with and is in
communication with the guidewire lumen of the catheter shaft 2. In this manner, a
guidewire 5 may be passed from the guidewire lumen of the catheter shaft 2 through
the guidewire lJumen of the tube 3, and out through the guidewire opening 4 for rapid

exchange of the catheter over the guidewire 5.

The tube 3 tapers distally radially outwardly adjacent to the distal end 9. This
tapered part 9 of the tube 3 is fixedly attached to the interior surface of the catheter
shaft 2, for example by means of a weld joint 10, and the proximal end of the tube 3
is also fixedly attached to the interior surface of the catheter shaft 2. The inner tube
3 is preferably welded to the outer tube 2 at both the flared section 9 and at the RX
exit port 4.

The flare on the distal end 9 of the inner tube 3 provides a weld zone to the interior
surface of the outer tube 2 and a guiding face to direct the guidewire 5 through the
RX port 4 during back loading of the catheter.
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The inner tube 3 and the outer tube 2 are welded to the polymer jacket 7 of the

proximal shaft wire 6 along a welding region 8 (Fig. 2).

It will be appreciated that other means of attachment may be employed in addition to

or as an alternative to welding.

As illustrated in Fig. 1, the distal end 9 of the tube 3 is spaced proximally from the
distal end 1 of the catheter shaft 2 to provide sufficient space in the guidewire lumen
of the catheter shaft 2 for retrieval of the embolic protection filter 50 into the
guidewire lumen. The stepping back of the inner tube 3 from the distal end 1 of the
catheter 2 means that the distal 100 mm tip retains high trackability from the low

modulus outer tube 2.

The inner tube 3 acts to reinforce the catheter shaft 2 to minimise the possibility of
buckling or kinking of the catheter shaft 2 during retrieval. The inner tube 3 also
acts as a guide to guide passage of the guidewire 5 from the guidewire lumen of the

catheter shaft 2 out through the rapid exchange guidewire opening 4.

The tapered distal end 9 of the inner tube 3 provides a convenient means of attaching
the inner tube 3 to the outer tube 2. The tapered distal end 9 also assists in guiding

the guidewire 5 into the inner tube 3 in the means of a funnel.

The use of a different material on the inner tube 3 allows the use of a material with a

lower coefficient of friction to reduce wire movement forces.

As illustrated in Figs. 2(c) and 2(d), the wire 6 may extend distally into the
attachment region 10, and the distal end of the wire 6 may be fixedly attached to the
inner tube 3 and the catheter shaft 2 at the attachment region 10, for example by

means of a weld joint.
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The distance 11 between the distal end 9 of the inner tube 3 and the distal end 1 of
the catheter shaft 2 may be varied to vary the degree of reinforcement provided, as

illustrated in Fig. 3.

The distal region 17 of the wire 6 may remain untapered, as illustrated in Fig. 3.

In the retrieval catheter of Fig. 4, the guidewire opening 4b faces proximally in a
direction substantially parallel to the longitudinal axis of the catheter shaft 2. In this
case both the catheter shaft 2 and the inner tube 3 terminate at the guidewire opening
4b to achieve the parallel exit rapid exchange port 4b. The catheter shaft 2 also

tapers proximally radially inwardly towards the guidewire opening 4b.

The retrieval catheter of Fig. 5 includes a filler material 12 at the guidewire opening

4c. The catheter shaft 2 does not taper inwardly in this case.

In the retrieval catheter of Fi g. 5(a), no inner tube is provided. Instead the wire 6 has

a tapered or skived distal end face 6a. The tapered distal end 6a acts as a guide to

guide passage of the guidewire 5 out through the guidewire opening 4.

The outer shaft 2 may terminate just proximally of the guidewire opening 4 (Fig.
5(a)). Alternatively the outer shaft 2 may extend proximally over the wire 6 (Fig.
5(b).

The retrieval catheter of Fig. 6 has a catheter shaft 2 with a hinge region 13. The
hinge region 13 is located between the distal end 9 of the inner tube 3 and the distal
tip 1, and has a reduced diameter. The hinge region 13 improves distal trackability,

as illustrated in Fig. 7.

The hinge region 13 may be of a different material to the remainder of the catheter

shaft 2, for example of a more compliant material (Fig. 8).
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In the retrieval catheter of Fig. 9, a portion 13 of the catheter shaft 2 has a reduced
diameter. This reduced diameter portion 13 is located distally of the distal end 9 of

the inner tube 3 and proximally of the distal tip 1 (Fig. 9).

By providing this reduced diameter portion 13, the bending/trackability
characteristics of the retrieval catheter are enhanced while retaining sufficient
compressive strength/pushability. This aspect of the invention is explored in further
detail as follows. Reducing the diameter of a shaft has a greater impact on the
bending stiffness of the shaft compared to its impact on compression resistance.
This is because the shaft bending stiffness is related to the EI value where I has a
quadratic relationship to the inner and outer radius of the shaft. The compression
resistance is related to EA where A is the cross sectional area, which is related to the
square of the inner and outer radius. Therefore, by reducing the shaft diameter it is
possible to reduce bending stiffness, but maintain compression resistance by

increasing the modulus of the shaft material to maintain the overall EA product.

The distal tip 1 retains the larger diameter to facilitate reception of the embolic
protection filter 50 into the tip 1. Also the catheter shaft 2 in the region of the
guidewire opening 4 retains the larger diameter to facilitate passage of the guidewire

5 through the guidewire opening 4.

In the case of the retrieval catheter of Fig. 9, the reduced diameter portion 13 extends

longitudinally along the catheter shaft 2 for a relatively small distance.

It will be appreciated that the reduced diameter portion 13 may alternatively extend
longitudinally along the catheter shaft 2 for a relatively large distance. For example
in the retrieval catheter of Fig. 10, the reduced diameter portion 13 extends for
substantially the full distance from the distal end 9 of the inner tube 3 to the proximal
end of the distal tip 1.
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In the retrieval catheter of Figs. 11 and 12, the inner tube 3 extends longitudinally to
the distal tip 1, and the catheter shaft 2 terminates just distally of the distal end of the
wire 6. The catheter shaft 2 tapers distally inwardly at a taper region 19 to approach
the outer diameter of the inner tube 3, and is fixedly attached to the inner tube 3 at an

attachment region 10, for example by means of a weld joint.

The retrieval catheter of Figs. 11 and 12 also enjoys enhanced bending/trackability

characteristics while retaining sufficient compressive strength/pushability.

In further detail, the catheter shaft 2 provides reinforcement to the inner tube 3, in
particular in the region of the guidewire opening 4. As illustrated in Figs. 11 and 12,
the inner tube 3 extends distally to the distal tip 1. The catheter shaft 2 and the inner
tube 3 are attached to the polymer jacket 7 of the inner wire 6 along the attachment

region 8 (Fig. 12). One possible means of attachment is by means of welding.

The retrieval catheter of Fig. 13 is similar to the retrieval catheter of Figs. 11 and 12.
In this case, the guidewire opening 4b faces proximally in a direction substantially
parallel to the longitudinal axis of the catheter shaft 2. Both the catheter shaft 2 and
the inner tube 3 terminate at the guidewire opening 4b to achieve the parallel exit

rapid exchange port 4b.

A further advantage of having a reduced diameter portion with the retrieval catheter
of the invention is illustrated with respect to Figs. 14 and 15. The reduced diameter
portion 13, such as those illustrated in Figs. 6 to 13, assists in keeping the retrieval
catheter centred on the guidewire 5. In particular because the guidewire 5 is under
tension, this arrangement results in the guidewire 5 acting as a support to minimise
the possibility of buckling or snaking of the catheter shaft 2 during retrieval of the

embolic protection filter 50.

Figs. 14 and 15 illustrate the possibility of the catheter shaft buckling/snaking during

retrieval of the embolic protection filter 50. In this case the space within the
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guidewire lumen 15 may reduce the pushability of the catheter shaft, and may result

in buckling/snaking when it is attempted to retrieve the embolic protection filter 50.

Fig. 16 illustrates another retrieval catheter which is similar to the retrieval catheter
of Fig. 10. A bulking member 16 is provided radially outwardly of the catheter shaft
2, extending circumferentially around and longitudinally along the reduced diameter
portion 13. The bulking member 16 has a diameter substantially equal to the
diameter of the catheter shaft 2 and the diameter of the distal tip 1, which results in
the outer diameter of the retrieval catheter being substantially constant from the
catheter shaft 2 across the bulking member 16 to the distal tip 1. In this manner the
retrieval catheter may be passed through a sealing device, such as a Tuohy Borst,
with relative ease and without undue blood loss. The bulking member 16 may be

provided by any suitable compliant material.

The retrieval catheter of Fig. 17 is similar to the retrieval catheter of Fig. 9. In this
case, the bulking member 17 is provided radially inwardly of the catheter shaft 2,
distally of the distal end 9 of the inner tube 3 and proximally of the reduced diameter
portion 13. The bulking member 17 assists in preventing bulking/snaking of the

catheter shaft 2 during retrieval of the embolic protection filter 50.

It will be appreciated that the first reinforcement element 6 may be manufactured
using a variety of different materials. For example the element 6 may be a wire, or a
hard durometer polymer. Any material which achieves the desired properties of

pushability may be employed.

The jacket 7 may be attached to the reinforcement element 6 in a variety of different

ways. For example welding, or extruding may be employed.

The use of a small diameter inner tube 3 means that the distal shaft is more
constrained around the tensioned guidewire 5 during retrieval of an embolic load. It

is thus less likely to snake or concertina under compression load.
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The smaller inner tube 3 helps to prevent a kink in the proximal section of the outer

tube 2 inhibiting wire movements through the catheter.

In Fig. 18 there is illustrated another retrieval catheter 100 according to the
invention. Fig. 18 illustrates the proximal catheter shaft 101 and the wire support
102 which tapers distally. The distal catheter shaft 103 forms splines for the
expansile tip 104. Fig. 18 also illustrates the reception space 105 and the distal
flared end 106 of the RX tunnel which acts as a filter abutment surface. The RX port
107 is cut into the sidewall of the distal catheter shaft 103.

By profiling the inner tube geometry, the catheter can achieve zones of varying

stiffness without changes in outer profile.

The filter catheters described previously with reference to the drawings may be
employed as filter retrieval catheters. In alternative embodiments, the filter catheters

may be employed as filter delivery catheters.

The invention is not limited to the embodiments hereinbefore described, with
reference to the accompanying drawings, which may be varied in construction and

detail.
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A filter catheter comprising:-

a catheter shaft having a lumen extending at least partially

therethrough;

the catheter shaft having a rapid exchange guidewire opening in a
wall of the catheter shaft, the guidewire opening being located a
substantial distance distally of a proximal end of the catheter for rapid

exchange of the catheter over a guidewire; and

at Jeast one reinforcement extending along the catheter shaft within
the catheter shaft lumen to reinforce the catheter shaft in the region of

the guidewire opening;

the reinforcement comprising a tubular element having a lumen

extendeing therethrough aligned with the guidewire opening.

A catheter as claimed in claim 1 wherein the tubular element extends distally

of the guidewire opening.

A catheter as claimed in claim 1 or 2 wherein a proximal end of the tubular
element is located adjacent to the guidewire opening and a distal end of the

tubular element is located distally of the guidewire opening.

A catheter as claimed in any of claims 1 to 3 wherein the tubular element

terminates proximally of a distal end of the catheter.

A catheter as claimed in any of claims 1 to 4 wherein a distal end of the

tubular element is attached to the catheter shaft.
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A catheter as claimed in claim 5 wherein the distal end of the tubular element

is attached to an internal surface of the catheter shaft.

A catheter as claimed in any of claims 1 to 6 wherein at least part of the

tubular element tapers distally radially outwardly.

A catheter as claimed in any of claims 1 to 7 wherein the longitudinal axis of
the tubular element is radially aligned with the longitudinal axis of the

guidewire opening.

A catheter as claimed in any of claims 1 to 8 wherein the catheter shaft lumen
comprises a guidewire lumen through which a guidewire may be passed for

rapid exchange of the catheter over the guidewire.

A catheter as claimed in any of claims 1 to 9 wherein the tubular element
lumen comprises a guidewire lumen through which a guidewire may be

passed for rapid exchange of the catheter over the guidewire.

A filter catheter comprising: -

a catheter shaft;

the catheter shaft having a rapid exchange guidewire opening in a
wall of the catheter shaft, the guidewire opening being located a
substantial distance distally of a proximal end of the catheter for rapid

exchange of the catheter over a guidewire; and

at least one reinforcement extending along the catheter shaft to

reinforce the catheter shaft in the region of the guidewire opening.
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A catheter as claimed in claim 11 wherein the catheter shaft has a reception

space into which an object may be retrieved.

A catheter as claimed in claim 11 or 12 wherein the reinforcement is

substantially elongate.

A catheter as claimed in any of claims 11 to 13 wherein the catheter

comprises a first reinforcement and a second reinforcement.

A catheter as claimed in any of claims 11 to 14 wherein the reinforcement

extends distally of the guidewire opening.

A catheter as claimed in claim 15 wherein a proximal end of the
reinforcement is located proximally of the guidewire opening and a distal end

of the reinforcement is located distally of the guidewire opening.

A catheter as claimed in claim 15 wherein a proximal end of the
reinforcement is located distally of the guidewire opening and a distal end of

the reinforcement is located further distally of the guidewire opening.

A catheter as claimed in any of claims 15 to 17 wherein the reinforcement

extends distally to a distal end of the catheter.

A catheter as claimed in any of claims 15 to 17 wherein the reinforcement

terminates proximally of a distal end of the catheter.

A catheter as claimed in any of claims 11 to 19 wherein the catheter shaft has
a lumen extending at least partially therethrough, and the reinforcement

extends along the catheter shaft within the catheter shaft lumen.
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A catheter as claimed in claim 20 wherein the catheter shaft lumen comprises
a guidewire lumen through which a guidewire may be passed for rapid

exchange of the catheter over the guidewire.

A catheter as claimed in any of claims 11 to 21 wherein the guidewire
opening faces in a direction substantially parallel to the longitudinal axis of

the catheter shaft.

A catheter as claimed in any of claims 11 to 21 wherein the guidewire
opening faces in a direction which subtends an acute angle with the

longitudinal axis of the catheter shaft.

A catheter as claimed in any of claims 11 to 23 wherein the guidewire

opening faces proximally.

A catheter as claimed in any of claims 11 to 24 wherein the longitudinal axis
of the reinforcement is radially offset from the longitudinal axis of the

guidewire opening.

A catheter as claimed in any of claims 11 to 24 wherein the longitudinal axis
of the reinforcement is radially aligned with the longitudinal axis of the

guidewire opening.

A catheter as claimed in claim 26 wherein the reinforcement has a lumen

extending therethrough aligned with the guidewire opening.

A catheter as claimed in claim 27 wherein the reinforcement lumen
comprises a guidewire lumen through which a guidewire may be passed for

rapid exchange of the catheter over the guidewire.
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A catheter as claimed in claim 28 wherein the reinforcement comprises a

guide to guide passage of a guidewire into the reinforcement lumen.
A catheter as claimed in claim 29 wherein the guide comprises a funnel.

A catheter as claimed in claim 30 wherein the funnel is provided at a distal

end of the reinforcement.

A catheter as claimed in any of claims 27 to 31 wherein the reinforcement

comprises a tubular element.

A catheter as claimed in any of claims 11 to 32 wherein the reinforcement
has a small cross sectional area relative to the cross sectional area of the

guidewire opening.

A catheter as claimed in claim 33 wherein the reinforcement comprises a

wire element.

A catheter as claimed in any of claims 11 to 32 wherein the reinforcement
has a cross sectional area substantially equal to the cross sectional area of the

guidewire opening.

A catheter as claimed in any of claims 11 to 35 wherein at least part of the

reinforcement tapers distally radially outwardly.

A catheter as claimed in any of claims 11 to 35 wherein at least part of

reinforcement tapers distally radially inwardly.

A catheter as claimed in claim 36 or 37 wherein the tapering part of the

reinforcement is Jocated adjacent to a distal end of the reinforcement.



WO 2006/111944

10

15

20

25

39.

40.

4].

42.

43.

44.

45.

46.

47.

PCT/IE2006/000035

22

A catheter as claimed in any of claims 11 to 38 wherein a distal end of the

reinforcement is attached to the catheter shaft.

A catheter as claimed in any of claims 11 to 38 wherein a distal end of the

reinforcement is detached from the catheter shaft.

A catheter as claimed in any of claims 11 to 40 wherein a proximal end of the

reinforcement is attached to the catheter shaft.

A catheter as claimed in any of claims 11 to 41 wherein the stiffness of the

reinforcement is greater than the stiffness of the catheter shaft.

A catheter as claimed in any of claims 11 to 42 wherein the second moment
of area of the catheter shaft is greater than the second moment of area of the

reinforcement.

A catheter as claimed in any of claims 11 to 43 wherein the catheter shaft

tapers proximally radially inwardly towards the guidewire opening.

A catheter as claimed in any of claims 11 to 44 wherein the catheter
comprises a guide to guide passage of a guidewire through the guidewire

opening.

A catheter as claimed in claim 45 wherein the reinforcement comprises the

guide.

A catheter as claimed in claim 46 wherein the guide is provided by an end

face of the reinforcement.
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A catheter as claimed in any of claims 11 to 47 wherein the catheter shaft has
a substantially uniform outer diameter from the guidewire opening to a distal

end of the catheter shaft.

A catheter as claimed in any of claims 11 to 47 wherein the outer diameter of
the catheter shaft varies along the length of the catheter between the

guidewire opening and the distal end of the catheter shaft.

A catheter as claimed in claim 49 wherein the catheter shaft has a reduced

diameter portion.

A catheter as claimed in claim 40 wherein the reduced diameter portion
extends longitudinally for a part of the distance between the guidewire
opening and the distal end of the catheter shaft.

A catheter as claimed in claim 40 wherein the reduced diameter portion
extends longitudinally for substantially the full distance between the
guidewire opening and the distal end of the catheter shaft.

A filter retrieval catheter as claimed in any of claims 1 to 52.

A filter delivery catheter as claimed in any of claims 1 to 52.

A filter catheter substantially as hereinbefore described with reference to the

accompanying drawings.
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