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(57) Abstract: A catheter system (1) has an internal reception space for an embolic protection filter (10) to enable the filter (10) to
be transported through a vasculature (20) and a treatment means such as a stent (15) to facilitate treatment. The catheter system may,
in some configurations be used for retrieval of a filter (10) and stenting of a lesion with a stent (15). The procedure may also involve

post dilitation using an on-board balloon (16).
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“AN EMBOLIC PROTECTION SYSTEM”

Introduction

This invention relates to a catheter, in particular to a catheter for transporting an

embolic protection filter through a vasculature.

During an interventional procedure, it is known to deploy an embolic protection filter
distally of a treatment site in a vasculature using a delivery catheter. The filter is
used to capture any embolic material generated during a treatment procedure
subsequently performed at the treatment site. After completion of the treatment
procedure the filter and the captured embolic material are retrieved from the

vasculature using a retrieval catheter.

This invention is aimed at providing a catheter which enables an interventional

procedure of this type to be carried out with greater safety and more efficiently.

This invention also relates to a delivery and deployment catheter system for medical
devices and in particular to an integrated catheter system for delivery and sequential
deployment of a filter and treatment of a vasculature, for example by deployment of

a stent, at desired locations in a vasculature.

Vascular filters are used in conjunction with a stent during interventional procedures,
such as the treatment of carotid artery stenosis. In particular it is known to provide a
stent and a filter mounted together on a single guidewire. WO 98/47447 describes a
system of this type in which the stent is balloon expandable. WO 98/50103

describes a similar system in which the stent is self-expanding.

An integrated system which includes both a stent and a filter has the advantage that

the deployment procedure is, in theory, simpler and quicker as a single deployment
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catheter can be used. However, in clinical practice the site to be treated is often
difficult to access and the space available for deployment of a distal filter is severely
restricted. For example, in carotid arteries the distance distal to the stenosed area
may be limited. Thus, in a number of cases conventional integrated devices cannot

be used.

There is therefore a need for an improved integrated system which has the advantage
of a treatment device, such as a stent, and a filter carried on a single catheter but
which also facilitates practical implementation at almost any desired site in the

vasculature.

Statements of Invention

According to the invention, there is provided a catheter having an internal reception
space for receiving an embolic protection filter for transporting the filter through a

vasculature; and
the catheter comprising means to facilitate treatment of a site in a vasculature.

The catheter of the invention has the dual functions of transporting an embolic
protection filter through a vascdlature, and providing the means to facilitate
treatment of the vasculature. This enables an interventional procedure to be carried
out without requiring the treatment site to be crossed as many times as in
conventional interventional procedures, which will reduce the risk of dislodging

emboli or damaging the vessel.
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For example, when the catheter is a delivery catheter, the treatment site only has to
be crossed once to enable deployment of an embolic protection filter, and to enable a

treatment procedure to be performed at the treatment site.

When the catheter is a retrieval catheter, the treatment site only has to be crossed
once to enable a treatment procedure to be performed at the treatment site, and to

enable retrieval of an embolic protection filter.

When the catheter acts as both a delivery catheter and a retrieval catheter, the
treatment site only has to be crossed once to enable deployment of an embolic
protection filter, to enable a treatment procedure to be performed at the treatment

site, and to enable retrieval of the filter.

By minimiéing the number of times that the treatment site has to be crossed during
the interventional procedure, the possibility of embolic material being released from
the treatment site during a crossing step is minimised. In addition, the overall
interventional procedure will be a more efficient one, and may be performed more

quickly.

In one embodiment of the invention the catheter comprises a delivery catheter.
Preferably the catheter has an outer tubular body and an inner member extending at
least partially through the outer body, the inner member being movable distally
relative to the outer body to deploy an embolic protection filter from within the

reception space.

In another embodiment of the invention the catheter comprises a retrieval catheter.
Preferably the catheter has an outer tubular body and an inner member extending at
least partially through the outer body, the inner member being movable proximally
relative to the outer body from an introduction configuration to a retrieval

configuration to facilitate retrieval of an embolic protection filter into the reception
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space. Ideally in the introduction configuration, the inner member protrudes from a
distal end of the outer body. Most preferably a distal tip of the inner member tapers

distally inwardly. The inner member may be at least partially inflatable.

In one case the catheter defines a guidewire lumen extending at least partially
therethrough for passing the catheter over a guidewire. The guidewire lumen may
extend only partially through the catheter to facilitate passing the catheter over a

guidewire in a rapid exchange manner.

In a preferred embodiment the means to facilitate treaiment is at least partially
provided on the inner member. Ideally in the introduction configuration, the means

to facilitate treatment protrudes from a distal end of the outer body.

In another embodiment the means to facilitate treatment is at least partially provided
on the outer tubular body. Preferably the means to facilitate treatment is provided at
a necked down portion of the outer tubular body. Ideally the catheter comprises a
cover around the means to facilitate treatment in the introduction configuration. The
cover may be moveable proximally to uncover the means to facilitate treatment.
Most preferably the cover comprises a sheath. In one case the sheath extends along
the full length of the outer tubular body. Ideally a distal end of the sheath tapers
distally inwardly.

In a further embodiment of the invention the outer tubular body extends along

substantially the full length of the inner member.

In one case the means to facilitate treatment comprises an angioplasty balloon.

In another case the means to facilitate treaiment comprises a stent deployment

balloon.
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In a further case the means to facilitate treatment comprises a sheath movable from a
delivery configuration, in which a treatment device is restrainable by the sheath in a
collapsed configuration, to a deployment configuration, in which the treatment
device is uncovered. Ideally the treatment device is a self-expanding stent. The

sheath may be provided by the outer body.

In a further aspect, the invention provides a treatment apparatus comprising: —

a catheter of the invention and

a treatment device.

In a preferred embodiment the treatment device is a self-expanding stent.

In another aspect of the invention, there is provided a method for the capture and
removal of embolic material from a vasculature during an interventional procedure

comprising the steps of: —

introducing a delivery catheter into a vasculature, the delivery catheter having an

embolic protection filter received within the catheter;

advancing the delivery catheter through the vasculature to cross a desired treatment

site in the vasculature;

deploying the filter out of the delivery catheter at a deployment site distally of the

treatment site;

carrying out a treatment procedure at the treatment site in the vasculature, embolic

material generated during the treatment procedure being captured by the filter;
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advancing a retrieval catheter through the vasculature to cross the treatment site;
retrieving the filter into the retrieval catheter; and
withdrawing the retrieval catheter and the retrieved filter from the vasculature;

wherein the treatment procedure is at least partially carried out using the delivery

catheter after deployment of the filter.

The treatment procedure may be at least partially carried out using the retrieval

catheter before retrieving the filter into the retrieval catheter.
The invention provides in a further aspect a method for the capture and removal of
embolic material from a vasculature during an interventional procedure comprising

the steps of: —

introducing a delivery catheter into a vasculature, the delivery catheter having an

embolic protection filter received within the catheter;

advancing the delivery catheter through the vasculature to cross a desired treatment

site in the vasculature;

deploying the filter out of the delivery catheter at a deployment site distally of the

treatment site;

carrying out a treatment procedure at the treatment site in the vasculature, embolic

material generated during the treatment procedure being captured by the filter;

advancing a retrieval catheter through the vasculature to cross the treatment site;
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retrieving the filter into the retrieval catheter; and

withdrawing the retrieval catheter and the retrieved filter from the vasculature;

wherein the treatment procedure is at least partially carried out using the retrieval

catheter before retrieving the filter into the retrieval catheter.

The filter may be delivered and retrieved using a single medical catheter.

In one case the medical catheter remains in the vasculature throughout the

interventional procedure.

The treatment procedure may comprise a balloon angioplasty procedure. The
treatment procedure may comprise a stent deployment procedure. In one case the
stent is self-expanding. In another case the stent is expanded by inflation of a

balloon.

In another aspect of the invention, there is provided a transportation device
comprising a reception portion having a reception space for receiving a medical
device, and a control tether extending proximally of the reception portion to facilitate

control of the position of the reception portion.

The reception portion preferably comprises a tubular sheath.

In a further aspect of the invention there is provided a catheter assembly comprising
a transportation device of the invention and a catheter extendable through the
reception space, the catheter being movable proximally relative to the reception

space to facilitate reception of a medical device within the reception space.
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According to the invention there is provided a delivery and deployment catheter

system comprising: -

)

a filter catheter section;

a filter mounted in the filter catheter section, the filter being movable on release from
the filter catheter section from a collapsed delivery configuration to an expanded
deployment configuration;

a stent catheter section;

a stent mounted in the stent catheter section, the stent being movable on release from
the stent catheter section from a retracted delivery configuration to an expanded
deployment configuration; and

a guidewire extending through the catheter sections;

the stent catheter section and associated stent being movable along the guidewire

independently of the deployed filter for sequential deployment of the filter and stent.

In one embodiment of the invention the catheter system includes at least one stop for

limiting longitudinal movement of the filter and/or the stent relative to the guidewire.

The stop may be a filter stop for limiting movement of the filter in the proximal

direction.

The stop may be a stent stop for limiting movement of the stent in the proximal

direction.
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In a preferred embodiment of the invention the stent catheter section is located

proximal to the filter catheter section.

Preferably an outer sheath comprises the filter catheter section and the stent catheter

section. Ideally an inner tube extends axially through the outer sheath.
Desirably the guidewire extends through the inner tube.

Preferably a distal end of the inner tube provides a proximal stop for the filter.
r‘I‘he inner tube may have an abutment to provide a proximal stop for the stent.

In an alternative preferred embodiment of the invention the stent catheter section is
located distal to the filter catheter section. Ideally the stent catheter section
comprises an outer stent retaining sheath for the stent and the filter catheter section

comprises an outer filter retaining sheath for the filter.

A first ring may be mounted on the guidewire intermediate the stent and the filter to
provide a proximal stop for the stent. A second ring may be mounted on the stent

retaining sheath proximal of the filter to provide a proximal stop for the filter.

In a preferred embodiment of the invention the filter has a carrier with a guide olive
mounted at the distal end thereof, the guide olive being configured to engage with
the distal end of the catheter section in the collapsed configuration of the filter body

to provide a smooth transition between the catheter section and the guidewire tip.

In one embodiment of the invention the filter has a proximal and a distal end, inlet
openings being positioned at the proximal end and outlet holes being positioned at
the distal end.
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In an alternative embodiment of the invention the filter has a proximal and a distal
end, inlet openings being positioned at the distal end and outlet holes being
positioned at the proximal end.

Ideally the filter is a self-expanding filter.

The stent may be a self-expanding stent. Alternatively the stent may be a balloon

expandable stent.

In another aspect the invention provides a method for delivery and deployment of a

filter and a stent in a vasculature comprising the steps of; -

providing a catheter system comprising a filter catheter section housing a filter, a
stent catheter section housing a stent, and a guidewire extending through the catheter
sections;

advancing the catheter system through the vasculature so that the filter catheter
section and the stent catheter sections are located approximately in a desired
treatment region;

advancing the filter catheter section to a desired filter location;

deploying the filter from the filter catheter section;

moving the stent catheter section independently of the filter to a desired stent

location; and

deploying the stent from the stent catheter section.
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In one embodiment of the invention the stent is deployed by retracting the stent

catheter section to uncover the sten.

In another embodiment of the invention the filter is deployed by retracting the filter

catheter section to uncover the filter.

Preferably the stent and the filter are deployed by retracting a single catheter

comprising the stent catheter section and the filter catheter section.

In a preferred embodiment of the invention the method includes the step of limiting

movement of the stent in the proximal direction.

In a further embodiment of the invention the method includes the step of limiting

movement of the filter in the proximal direction.

The mvention also provides a catheter system comprising a filter delivery catheter
and a treatment device delivery catheter, the filter delivery catheter comprising a
filter retaining sheath and a shaft extending from the sheath, the treatment device
delivery catheter comprising a treatment device retaining sheath and a shaft
extending from the sheath, the treatment device delivery catheter shaft being

extendable through the filter delivery catheter. The treatment device may be a stent.

In another aspect the invention provides a method for carrying out a procedure at a

treatment site in a vasculature comprising the steps of:-

providing an embolic protection device;

deploying the embolic protection device distal of the treatment site:
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providing a procedural catheter comprising a tubular member having a distal space

housing a medical device;

advancing the procedural catheter to the treatment site;

deploying t]{le medical device from the procedural catheter at the treatment site; and
retrieving the embolic protection device into the procedural catheter.

In one embodiment of the invention the medical device is a stent;

the procedural catheter is a stent delivery catheter having a distal reception space
housing a stent; and the method comprises deploying the stent from the stent delivery

catheter; and

retrieving the embolic protection device at least partially ‘into the reception space in

the stent delivery catheter.
The stent may be a self expanding stent or a balloon expandable stent.

In one case the procedural catheter comprises a balloon catheter and the method

comprises deploying the balloon at the treatment site.
The balloon may be a post dilitation balloon and/or a stent expanding balloon.

In one embodiment the embolic protection device is retrieved into the procedural

catheter by engaging the embolic protection device.
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Preferably the procedural catheter has an inner member. The inner member may
comprise a centering member which projects distally of the distal end of the

procedural catheter.

The inner member may comprise an engagement element for engagement with an

embolic protection device.

The method may comprise advancing a guidewire through the vasculature so that a
distal tip of the guidewire is located distal of the treatment location, and then
advancing the catheter over the guidewire. The guidewire may have a distal stop and
the embolic protection device is retrieved by engaging the distal stop of the

guidewire with the embolic protection device.

In another aspect the invention provides a method for carrying out a procedure at a

treatment site in a vasculature comprising the steps of:-

providing a catheter comprising a tubular member having a distal space, the distal
space comprising a first portion and a second portion, the first portion being adjacent

to and distal of the second portion;

providing a treatment device loaded into the second portion of the distal space of the

catheter;

providing an embolic protection device loaded into the first portion of the distal
space of the catheter; the embolic protection device having a collapsed configuration
for transport through the vasculature and an expanded deployed configuration for

collecting emboli released during a procedure;

advancing the catheter to a treaiment site in the vasculature;
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deploying the embolic protection device from the first portion of the distal space in
the catheter, the deployed filter taking up an expanded emboli-collecting

configuration distal to the treatment location; and

deploying. the treatment device from the second portion of the distal space in the

catheter to carry out a procedure at the treatment site.

In one embodiment the method comprises retrieving the embolic protection device

' into the reception space of the catheter after completion of the procedure.

In one embodiment the method comprises advancing a guidewire through the
vasculature so that a distal tip of the guidewire is located distal of the treatment

location, and then advancing the catheter over the guidewire. -
The treatment device may comprise a balloon such as an angioplasty balloon.

The treatment device may comprise a stent such as a self expanding stent or a

balloon expandable stent.

In one embodiment the treatment device is mounted on an inner member. The
embolic protection device may be engaged with the inner membet to deploy the
embolic protection device.

The inner member may define a centring member.

The invention further comprises a method for carrying out a procedure at a treatment

site in a vasculature comprising the steps of:-

providing a catheter system comprising a filter delivery catheter and a treatment

device delivery catheter, the filter delivery catheter comprising a filter retaining
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sheath and a shaft extending from the sheath, the treatment device delivery catheter
comprising a treatment device retaining sheath and a shaft extending from the sheath,
the treatment device delivery catheter shaft extending through the filter delivery

catheter sheath and shaft;

providing a treatment device loaded into the treatment device delivery sheath;
providing an embolic protection device loaded into the filter sheath, the embolic
protection device having a collapsed configuration for transport through ihe
vasculature and an expanded deployed configuration for collecting emboli released
curing a procedure;

advancing the catheter system to a treatment site in the vasculature;

deploying the embolic protection device from the filter sheath, the deployed filter

taking up an expanded emboli-collecting configuration; and

deploying the treatment device from the sheath of the treatment device delivery

catheter.

In one embodiment the method comprises retrieving the embolic protection device

into the reception space of the catheter after completion of the procedure.
In one embodiment the method comprises advancing a guidewire through the
vasculature so that a distal tip of the guidewire is located distal of the treatment

location, and then advancing the catheter over the guidewire.

The treatment device may comprise a balloon such as an angioplasty balloon.
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The treatment device may comprise a stent such as a self expanding stent or a

balloon expandable stent.
The treatment device may be mounted on an inner member.

The embolic protection device may be engaged with the inner member to deploy the

embolic protection device.

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: —

Fig. 1 is a cross sectional view of a distal section of a catheter according to

the invention;

Figs. 2(a) to 2(i) are schematic cross sectional views illustrating various steps

in a vascular interventional procedure using the catheter of Fig. 1;

Fig. 3 is a cross sectional view of a distal section of another catheter of the

invention;

Figs. 4(a) to 4(i) are schematic cross section views illustrating various steps

in a vascular interventional procedure using the catheter of Fig. 3;

Fig. 5 is a cross sectional view of a distal section of another catheter

according to the invention;
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Fig. 6 is a cross sectional view of a distal section of a further catheter of the

invention;

Fig. 7 is a cross sectional view of a distal section of another catheter of the

invention;

Figs. 8(a) to 8(i) are schematic cross sectional views illustrating various steps

in a vascular interventional procedure using the catheter of Fig. 7;

Fig. 9 is a cross sectional view of a distal section of a further catheter system

of the invention; and

Figs. 10(a) to 10(h) are schematic cross sectional views illustrating various

steps in a vascular interventional procedure using the catheter of Fig. 9.

Detailed Description

Referring to the drawings there is illustrated a catheter according to the invention.
The catheter has an internal reception space for receiving an embolic protection filter
to enable the filter to be transported through a vasculature, and the catheter

comprises means to facilitate treatment of a site in the vasculature.

The catheters of the invention facilitate carrying our at least two procedures using a
single catheter. In some cases the catheter facilitates delivery of an embolic
protection device distal to a treatment location and carrying out a procedure at the
treatment site such as an angioplasty or deployment of a stent. In other cases the
catheter facilitates carrying out of a procedure at the treatment site such as an
angioplasty or a stent deployment and subsequent retrieval of the embolic protection

device into the same catheter completion of the procedure.
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The embolic protection device may comprise a filter such as those described in
International patent applications Nos. PCT/IE00/00053 (USSN 09/985,820), and/or
PCT/IE00/00054 (USSN 09/986,132), and/or PCT/IE00/00055 (USSN 09/986,064),
and/or PCT/IE98/00093 (USSN 09/188,472), the relev'ant contents of which are

incorporated herein by reference.

Referring initially to Figs. 1 and 2(a) to 2(i) a catheter 1 has an outer tubular body 3,
and an inner member 4 extending through the entire length of the outer body 3. The
outer body 3 has an expandable distal tip 5 to facilitate retrieval of a filter 10 into the

outer body 3.

The inner member 4 is movable relative to the outer body 3 from an introduction
configuration (Figs. 1 and 2(c)) to a treatment device deployment configuration
(Figs. 2(d) to 2(f)) to a retrieval configuration Figs. 2(g) and 2(h) to facilitate

retrieval of the filter 10 into an internal reception space 11 of the catheter 1.

In the introduction configuration, the inner member 4 protrudes distally from the
distal tip 5 of the outer body 3 to ensure that the outer body 3 does not snag during
advancement of the catheter 1. As illustrated in Fig 1, a distal tip 6 of the inner
member 4 tapers distally inwardly to provide a smooth crossing profile for the

catheter 1 in the introduction configuration.

The catheter 1 has a guidewire lumen 2 which may extend through the entire length
of the inner member 4 for passing the catheter 1 over a guidewire 12. The inner
member 4 assists in cenfring the catheter 1 around the guidéwire 12 during
advancement of the catheter 1 through a vasculature 20 to a treatment site such as a

region 21 of stenosis.
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In this case, the treatment device is provided by a stent 15 carried by the inner
member 4 as illustrated in Fig. 1. The stent 15 is in this case expandable by a

balloon 16 through an inflation lumen 17 defined in the inner member 4.

The stent 15 and balloon 16 are mounted on a stepped down section 4A of the inner
member distal of the intermediate member 18. Marker bands 19 on the section 4A

assist in visualisation during stent positioning and deployment.

In use, an embolic protection filter 10 is collapsed down and loaded into a reception
space of a delivery catheter, in a manner similar to that described in International
patent application No. PCT/IE01/00052 (USSN 09/838,544), the relevant contents of

which are incorporated herein by reference.

The delivery catheter is then introduced into a vasculature and advanced through the
vasculature over a guidewire 12 to cross a desired treatment site 21 in the vasculature
20. The filter 10 is deployed out of the delivery catheter at a deployment site distally

of the treatment site, and the delivery catheter is withdrawn from the vasculature.

An initial angioplasty procedure may be carried out at the treatment site 21 using a

conventional angioplasty balloon 29.

The retrieval catheter 1 is then introduced into the vasculature, and advanced through
the vasculature over the guidewire 12 in the introduction configuration with the
tapered tip 6 protruding distally from the distal tip 5 of the outer body 3. During
advancement, the stent 15 and balloon 16 are in a low-profile, deflated configuration
surrounded by the outer body 3, as illustrated in Fig. 1. The outer body 3 assists in
restraining the deflated balloon 16 to minimise the overall crossing profile of the

catheter 1.
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When the retrieval catheter 1 is correctly positioned at the treatment site the stent 15
is deployed. In this case, to deploy the stent the sheath 3 is retracted relative to the
shaft 4 and the balloon 16 is inflated to expand the stent 15 at the region of stenosis
21 [Figs. 2(e) and 2(f)]. The balloon 16 is inflated by passing an inflation fluid

through the inflation lumen 17 from the proximal end of shaft 4.

In this manner a stenting treatment procedure is carried out at the treatment site.
Any embolic material generated during the treatment procedure is captured by the

deployed filter 10.

After completion of the treatment procedure, the balloon 16 is deflated, and the outer
body 3 is advanced over the deflated balloon 16 and the inner member 4 until the
distal end 5 of the sheath 3 is immediately proximal of the deployed filter 10. In this
case the distal tip 6 of the inner member 4 is engaged with the filter 10 to facilitate
retrieval. It will be noted that the distal tip 6 has gripping formations 25 which
engage with corresponding gripping formations on the filter 26. After engagement
of the filter 10 the inner member 4 is moved proximally, relative to the sheath 3, thus
capturing the filter 10 as illustrated in Figs. 2(g) and 2(h). Any embolic material
captured by the filter 10 is safely retained within the filter 10 during retrieval. The
catheter 1 with the retrieved filter 10 may then be removed from the vasculature.
The guidewire 12 may be removed with the catheter 1 or may be left in place [Fig.

23)]

Referring to Figs. 3 and 4(a) to 4(i) another catheter 30 is illustrated which is similar

to the catheter of Figs. 1 and 2 and like parts are assigned the same reference

numerals. In this case the embolic protection filter 10 is retrieved using a distal stop
31 on the guidewire 32. The guidewire 32 is then retracted to engage a distal stop 31
on the guidewire 32 with the filter 10 (Figs. 4(j) and 4(h)), in a manner similar to that
described in International patent application No. PCT/IE01/00053 (USSN

09/985,820), the relevant contents of which are incorporated herein by reference.
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By retracting the guidewire 32 while maintaining the position of the outer body 3,
the filter 10 is collapsed down and retrieved into the reception space in the distal tip
5 of the outer body 3 (Fig. 4(g) and 4(h)). Any embolic material captured by the

filter 10 is safely retained within the filter 10 during this retrieval step.

The retrieval catheter 1 and the retrieved filter 10 are then withdrawn from the
vasculature, as illustrated in Fig. 4(h). In this way any embolic material retrieved
during the interventional procedure is safely captured and removed from the

vasculature.

Referring to Fig. 5 there is illustrated another catheter system 40 which is similar to
these described above and like parts are assigned the same reference numerals. In
this case the distal tip 6 of the inner member 4 is partially located inside the outer

body 3 in the delivery mode.

Referring to Fig. 6 there is illustrated a further catheter system 45 which is again
similar to these described above and like parts are assigned the same reference
numerals. In this case the distal tip 6 of the inner member 4 is located outside the

outer body 2.

In all cases the guidewire lumen 2 may extend only partially through the catheter.
This arrangement enables the catheter to be passed over a guidewire in a rapid
exchange manner. To facilitate rapid exchange, the inner member 4 may also extend

only partially through the outer body 3.

It will be appreciated that the treatment procedure may involve several steps, such as
a primary deployment of a stent at the treatment site followed by a post-stenting

dilation of the treatment site.
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The catheter of the invention may also be used as a delivery catheter to deliver an
embolic protection filter to a desired deployment site in a vasculature. In this case,
the delivery catheier has an outer tubular body and an inner member extending
through the entire length of the outer body. The inner member is movable distally
relative to the outer body to deploy the embolic protection filter from within the

reception space of the catheter to the deployment site in the vasculature.

After deployment of the filter, the delivery catheter may be used to carry out the

treatment procedure at the treatment site.

It will be appreciated that the same medical catheter may be used to deliver the filter,
perform the treatment procedure, and retrieve the filter. In this case, the catheter

may remain in the vasculature throughout the interventional procedure.

Referring to Figs. 7 and 8(a) to 8(i) there is illustrated a catheter system 50 according
to the invention for delivery and deployment of a filter 51 and a stent 52. The
catheter system 50 can also be used to retrieve the filter after stenting. The catheter
system comprises an outer catheter 60 with a distal sheath 61 which is pulled back o
deploy the filter 51 and an inner stent delivery member 70 which extends axially
through the outer catheter 60. The inner stent delivery catheter 70 and the filter 51

are slidable over a guidewire 80 which in this case has a distal stop 81.

The catheter system may be of an over the wire or a rapid exchange configuration.
The guidewire 80 has a soft tip at its distal end to assist in navigation of the
guidewire 80 through a vascular system 20 to a position that is distal to a treatment

location such as a region 21 of stenosis.

Axial movement of the filter 51 along the guidewire 80 is limited by a distal end 75
of the inner member 70 which acts as a proximal stop for the filter 51. The filter 51 -

is radially self expandable between a collapsed stored position to an expanded
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position extending outwardly of the guidewire 80 on deployment in the vasculature
20.

The filter 51 may comprise a polymeric membrane mounted over a collapsible
support frame. The support frame is such that in use it expands and can be collapsed
inwardly for loading in the sheath 61 or the like. The membrane has large inlet
openings and small outlet openings. The inlet openings allow blood and embolic
material to enter the filter. The outlet openings allow through passage of blood but
retain undesired embolic material within the filter. The filter is oriented such that the
inlet openings are at the proximal end of the filter and the outlet openings are at the
distal end of the filter. Such filters are described in our W0-A-99/23976 (USSN
09/188,472), the entire contents of which are incorporated herein by reference.
However any other suitable filter may be used in the catheter systems and procedures

of this invention.

The stent 52 is housed between the sheath 61 and the inner stent delivery catheter 70.
Proximal movement of the stent 52 is limited by a shoulder 74 formed on the inner
member 70. The stent 52 may be a self-expanding stent of a shape memory material,
such as Nitinol. One such stent is described in US 5827321. Alternatively or
additionally the stent may be expanded by a balloon 55.

A delivery configuration of the catheter system is illustrated in Fig. 7, in which the
sheath 61 encloses both the stent 52 and the filter 51. In use, the catheter system 50
is advanced in the delivery configuration through the vasculature 20 until the filter
51 is at a desired filter location, for example distal to a region of stenosis 21 in the
vasculature 20, as illustrated in Fig. 8(b). The sheath 61 is retracted a limited
distance to uncover the filter 51 and thereby enable it to be deployed, as illustrated in
Fig. 6(c). The filter 51 may be deployed by engaging a distal tip 75 of the inner
member 70 with the collapsed filter 51.
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The sheath 61, the stent 52 and the inner member 70 are then moved axially until the
stent 52 is at a desired stent location, for example at the region of stenosis 21. The
sheath 61 is further retracted to uncover the stent 52, thereby. enabling the stent 51 to
be deployed as illustrated in Figs. 8(d) and 8(e). The balloon 55 is then inflated to
further expand the stent [Fig. 8(f)]. The balloon 55 is then deflated.

After treatment of the stenosed region 21 the filter 51 may be retrieved into the
catheter thereby capturing the embolic material retained therein [Figs. 8(g) and 8(h)].
The catheter is then withdrawn with the collapsed filter 51 from the vasculature 20.

The guidewire 80 may be left in place [Fig. 8(i)] or removed.

Referring to Figs. 9 and 10(a) to 10(h) there is illustrated another catheter system 90
according to the invention, which is similar to the catheter system of Figs. 7 and 8,
and the same reference numerals are used to denote similar elements. In this case the
stent 52 is mounted within a stent retaining distal sheath 93 of a stent delivery
catheter 94. The filter 51 is mounted within a filter retaining distal sheath 96 of filter
delivery catheter 95. The filter 52 is oriented such that the inlet openings are at the

distal end and the outilet openings are at the proximal end.

A delivery configuration of the catheter system 90 is illustrated in Fig. 9, in which
the stent retaining sheath 93 extends distally to enclose the stent 52. The filter
retaining sheath 96 extends distally to engage a shoulder 97 formed in the stent
retaining sheath 93, enclosing the filter 51, and thus providing a smooth crossing

profile.

The catheter system 90 is suitable for use during an interventional procedure in
which the puncture site is downstream of the treatment site and the catheter system
90 is advanced through a vasculature 20 in a direction opposite to the blood flow as
indicated by the arrows B. In use the catheter system 90 is advanced in the delivery

configuration through the vasculature 20 until the filter 51 is at a desired filter
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location, for example distal to a region of stenosis 21 in the vasculature 20, as
illustrated in Fig. 10(b). The filter retaining sheath 96 is retracted to uncover the
filter 51, thereby enabling the filter 51 to expand to a deployed configuration, as
illustrated in Fig. 10(c).

The stent retaining sheath 93, the stent 52 are then moved until the stent 52 is at a
desired stent location, for example at the region of stenosis 21. The stent retaining
sheath 93 is retracted to uncover the stent 52, thereby enabling the stent 52 to expand
to a deployed configuration, as illustrated in Figs. 10(d) and 10(e). After completion
of a stenting procedure the filter may be retrieved using the same catheter as
illustrated in Figs. 10(f) and 10(g). As in all the different versions of the invention,
the guidewire 80 may be removed with the catheter system or may be left in place as

illustrated in Fig. (h).

The invention allows a clinician to position a filter and a stent, both mounted in a
single catheter independently of one another in a vasculature. This enables
positioning of both the filter and the stent accurately, regardless of the particular

physiology of the vasculature at the region to be treated.

The invention may be employed during surgical procedures in which a stenotic

region is approached from the upstream direction or from the downstream direction.

It will be appreciated that any suitable stent may be used, for example the stent may

be balloon expandable.

The distal tip of the outer body generally tapers distally inwardly towards the inner
member to provide a smooth crossing profile from the inner member to the outer
body by means of the tapering tip when the catheter is in the introduction

configuration.
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The stent receiving recess is defined between the proximal shoulder and the distal tip
of the outer body. In this way, the stent is prevented from accidentally moving or

deploying.

The distal tip of the outer body may be of a resilient, expansile material. This
arrangement ensures that the tip tapers distally inwardly towards the inner member
during advancement over the guidewire through a vasculate for a smooth crossing
profile during advancement. Because the tip is expansible, the tip bends outwardly
to facilitate expansion and deployment of the stent at the desired treatment site in the
vasculate. After complete deployment of the stent, the resilient nature of the tip

brings the tip back to the distally inwardly protruding configuration.

When it is desired to retrieve the filter into the reception space of the outer body, the
inner member is moved proximally and the guidewire is retracted while maintaining
the position of the outer body. The filter is thus collapsed down and retrieved into
the reception space of the outer body. The expansible nature of the distal tip enables
the tip to bend outwardly during the retrieval process to accommodate the relatively

large filter together with any collected embolic material therein.

In the case of a retrieval catheter, because the inwardly tapering tip is provided as
part of the outer body, misalignment between the tip and the outer body cannot
occur. In addition, loading of the stent into the recess during assembly of the

catheter is simplified.

In the embodiments described, misalignment of the tip and sheath is prevented. A
stent is prevented from accidentally moving or deploying. The tip is conformable.
The assembly operation is simplified. The distal filter has an improved abutment
surface. The system has good crossing transition properties. In addition, the system

can be used for retrieval of the filter.
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The system may be applied to push-pull stent systems or thumb screw activated

systems. It may be of the rapid exchange or over the wire type.

By providing a catheter system which has two or more functional elements,
procedure time is reduced and the procedure is generally more efficiently executed.
These features are achieved while providing excellent transitions, good filter

abutment, trackability and safe and accurate stent deployment.

In one embodiment the inner core assembly is integral with the stent abutment
surface. In another embodiment these elements can move relative to one another. In
this second embodiment an alternative procedure is possible. This alternative
procedure comprises placing a filter as described above and then delivering the
catheter proximal to the target site. The inner core is advanced relative to the outer
core and the sheath. It crosses and predilates the lesion by balloon inflation. Stent

delivery and subsequent steps are as described above.

Marker bands may be placed at appropriate locations allow the clinician to

accurately carry out each step of the procedure.

The system can also be applied to filter delivery by creating a filter reception space
in the pod as described above. In this embodiment the distal segment of the filter

provides a smooth crossing transition.

Various features of the catheter systems described may be used, as appropriate with
similar systems. For example, the filter engagement feature for retrieval may be

utilised in any of the catheter systems incorporating filter retrieval.

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 catheter having an internal reception space for receiving an embolic

protection filter for transporting the filter through a vasculature; and

the catheter comprising a treatment device to facilitate treatment of a site in a

vasculature.

A catheter as claimed in claim 1 wherein the catheter comprises a delivery

catheter.

A catheter as claimed in claim 2 wherein the catheter has an outer tubular
body and an inner member extending at least partially through the outer body,
the inner member being movable distally relative to the outer body to deploy

an embolic protection filter from within the reception space.

A catheter as claimed in any of claims 1 to 3 wherein the catheter comprises a

retrieval catheter.

A catheter as claimed in claim 4 wherein the catheter has an outer tubular
body and an inner member extending at least partially through the outer body,
the inner member being movable proximally relative to the outer body from
an introduction configuration to a retrieval configuration to facilitate retrieval

of an embolic protection filter into the reception space.

A catheter as claimed in claim 5 wherein in the introduction configuration,

the inner member protrudes from a distal end of the outer body.
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A catheter as claimed in claim 5 or 6 wherein a distal tip of the inner member

tapers distally inwardly.

A catheter as claimed in claim 5 or 6 wherein a distal tip of the outer body

tapers distally inwardly.
A catheter as claimed in claim 7 or 8 wherein the distal tip is expansible.

A catheter as claimed in any of claims 5 to 9 wherein the inner member is at

least partially inflatable.

A catheter as claimed in claim 10 wherein the inner member comprises a

balloon.

A catheter as claimed in any preceding claim wherein the catheter defines a
guidewire lumen extending at least partially therethrough for passing the

catheter over a guidewire.

A catheter as claimed in claim 12 wherein the guidewire lumen extends only
partially through the catheter to facilitate passing the catheter over a

guidewire in a rapid exchange manner.

A catheter as claimed in any of claims 3 to 13 wherein the means to facilitate

treatment is at least partially provided on the inner member.

A catheter as claimed in any of claims 3 to 14 wherein in the introduction
configuration, the means to facilitate treatment protrudes from a distal end of

the outer body.
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A catheter as claimed in any of claims 3 to 15 wherein the means to facilitate

treatment is at least partially provided on the outer tubular body.

A catheter as claimed in claim 16 wherein the means to facilitate treatment is

provided at a necked down portion of the outer tubular body.

A catheter as claimed in claim 16 or 17 wherein the catheter comprises a
cover around the means to facilitate treatment in the introduction

configuration.

" A catheter as claimed in claim 18 wherein the cover is moveable proximally

to uncover the means to facilitate treatment.

A catheter as claimed in claim 18 or 19 wherein the cover comprises a sheath.

A catheter as claimed in claim 20 wherein the sheath extends along the full

length of the outer tubular body.

A catheter as claimed in claim 20 or 21 wherein a distal end of the sheath

tapers distally inwardly.

A catheter as claimed in any of claims 3 to 22 wherein the outer tubular body

extends along substantially the full length of the inner member.

A catheter as claimed in any of claims 3 to 22 wherein the outer tubular body

extends along part of the inner member.

A catheter as claimed in any preceding claim wherein the treatment device

comprises an angioplasty balloon.
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A catheter as claimed in any preceding claim wherein the treatment device

comprises a stent deployment balloon.

A catheter as claimed in any preceding claim wherein the catheter comprises
a sheath movable from a delivery configuration, in which a treatment device
is restrainable by the sheath in a collapsed configuration, to a deployment

configuration, in which the treatment device is uncovered.

A catheter as claimed in claim 27 wherein the treatment device is a self-

expanding stent.

A catheter as claimed in claim 27 or 28 when dependent on claim 3 or 5

wherein the sheath is provided by the outer body.

A delivery and deployment catheter system comprising: -
a filter catheter section;
a filter mounted in the filter catheter section, the filter being movable
on release from the filter catheter section from a collapsed delivery
configuration to an expanded deployment configuration;
a stent catheter section;
a stent mounted in the stent catheter section, the stent being movable
on release from the stent catheter section from a retracted delivery

configuration to an expanded deployment configuration; and

having a guidewire lumen for receiving a guidewire through the

catheter sections;
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the stent catheter section and associated stent being movable along the
guidewire independently of the deployed filter for sequential

deployment of the filter and stent.

A catheter system as claimed in claim 30 including at least one stop for
limiting longitudinal movement of the filter and/or the stent relative to the

guidewire.

A catheter system as claimed in claim 31 wherein the stop is a filter stop for

limiting movement of the filter in the proximal direction.

A catheter system as claimed in claim 31 or 32 wherein the stop is a stent

stop for limiting movement of the stent in the proximal direction.

A catheter system as claimed in any preceding claim wherein the stent

catheter section is located proximal to the filter catheter section.

A catheter system as claimed in claim 34 wherein an outer sheath comprises

the filter catheter section and the stent catheter section.

A catheter system as claimed in claim 35 wherein an inner tube extends

axially through the outer sheath.

A catheter system as claimed in claim 36 wherein the guidewire extends

through the inner tube.

A catheter system as claimed in claim 36 or 37 wherein a distal end of the

inner tube provides a proximal stop for the filter.
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A catheter system as claimed in any of claims 36 to 38 wherein the inner tube

has an abutment to provide a proximal stop for the stent.

A catheter system as claimed in any of claims 30 to 33 wherein the stent

catheter section is located distal to the filter catheter section.

A catheter system as claimed in claim 40 wherein the stent catheter section
comprises an outer stent retaining sheath for the stent and the filter catheter

section comprises an outer filter retaining sheath for the filter.

A catheter system as claimed in claim 41 wherein a first ring is mounted on
the guidewire intermediate the stent and the filter to provide a proximal stop

for the stent.

A catheter system as claimed in claim 41 or 42 wherein a second ring is
mounted on the stent retaining sheath proximal of the filter to provide a

proximal stop for the filter.

A catheter system as claimed in any preceding claim wherein the filter has a
carrier with a guide olive mounted at the distal end thereof, the guide olive
being configured to engage with the distal end of the catheter section in the
collapsed configuration of the filter body to provide a smooth transition

between the catheter section and the guidewire tip.

A catheter system as claimed in any preceding claim wherein the filter has a
proximal and a distal end, inlet openings being positioned at the proximal end

and outlet holes being positioned at the distal end.
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A catheter system as claimed in any of claims 1 to 45 wherein the filter
element has a proximal and a distal end, inlet openings being positioned at

the distal end and outlet holes being positioned at the proximal end.

A catheter system as claimed in any preceding claim wherein the filter is a

self-expanding filter.

A catheter system as claimed in any preceding claim wherein the stent is a

self-expanding stent.

A catheter system as claimed in any of claims 1 to 47 wherein the stent is a

balloon expandable stent.

A catheter system comprising a filter delivery catheter and a treatment device
delivery catheter, the filter delivery catheter comprising a filter retaining
sheath and a shaft extending from the sheath, the treatment device delivery
catheter comprising a treatment device retaining sheath and a shaft extending
from the sheath, the treatment device delivery catheter shaft being extendable

through the filter delivery catheter.

A catheter system as claimed in claim 50 wherein the treatment device is a

stent.

A method for carrying out a procedure at a treatment‘\ site in a vasculature

comprising the steps of:-
providing an embolic protection device;

deploying the embolic protection device distal of the treatment site;
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providing a procedural catheter comprising a tubular member having

a distal space housing a medical device;
advancing the procedural catheter to the treatment site;

deploying the medical device from the procedural catheter at the

treatment site; and

retrieving the embolic protection device into the procedural catheter.
A method as claimed in claim 52 wherein

the medical device is a stent;

the procedural catheter is a stent delivery catheter having a distal

reception space housing a stent; and the method comprises deploying

the stent from the stent delivery catheter; and

refrieving the embolic protection device at least partially into the

reception space in the stent delivery catheter.
A method as claimed in claim 53 wherein the stent is a self expanding stent.

A method as claimed in claim 53 wherein the stent is a balloon expandable

stent.

A method as claimed in any of claims 52 to 55 wherein the procedural
catheter comprises a balloon catheter and the method comprises deploying

the balloon at the treatment site.
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A method as claimed in claim 56 wherein the balloon is a post dilitation

balloon.

A method as claimed in claim 56 wherein the balloon is a stent expanding

balloon.

A method as claimed in any of claims 52 to 58 wherein the embolic
protection device is retrieved into the procedural catheter by engaging the

embolic protection device.

A method as claimed in any of claims 52 to 59 wherein the procedural

catheter has an inner member.

A method as claimed in claim 60 wherein the inner member is a centering

member which projects distally of the distal end of the procedural catheter.

A method as claimed in claim 60 or 61 wherein the inner member comprises

an engagement element for engagement with an embolic protection device.

A method as claimed in any of claims 52 to 62 comprising advancing a
guidewire through the vasculature so that a distal tip of the guidewire is
located distal of the treatment location, and then advancing the catheter over

the guidewire.

A method as claimed in claim 63 wherein the guidewire has a distal stop and
the embolic protection device is retrieved by engaging the distal stop of the

guidewire with the embolic protection device.
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65. A method for carrying out a procedure at a treatment site in a vasculature

comprising the steps of:-

providing a catheter comprising a tubular member having a distal
space, the distal space comprising a first portion and a second portion,

the first portion being adjacent to and distal of the second portion;

providing a treatment device loaded into the second portion of the

distal space of the catheter;

providing an embolic protection device loaded into the first portion of
the distal space of the catheter; the embolic protection device having a
collapsed configuration for transport through the vasculature and an
expanded deployed configuration for collecting emboli released

during a procedure;

advancing the catheter to a treatment site in the vasculature;

deploying the embolic protection device from the first portion of the
distal space in the catheter, the deployed filter taking up an expanded

emboli-collecting configuration distal to the treatment location; and

deploying the treatment device from the second portion of the distal

space in the catheter to carry out a procedure at the treatment site.

66. A method as claimed in claim 65 comprising retrieving the embolic

protection device into the reception space of the catheter after completion of

the procedure.



10

15

20

25

30

WO 03/094790 PCT/IE03/00072

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

38

A method as claimed in claim 65 or 66 comprising advancing a guidewire
through the vasculature so that a distal tip of the guidewire is located distal of

the treatment location, and then advancing the catheter over the guidewire.

A method as claimed in any of claims 65 to 67 wherein the treatment device

comprises a balloon.

A method as claimed in claim 68 wherein the balloon is an angioplasty

balloon.

A method as claimed in any of claims 65 to 68 wherein the treatment device

comprises a stent.
A method as claimed in claim 70 wherein the stent is a self expanding stent.

A method as claimed in claim 70 wherein the stent is a balloon expandable

stent.

A method as claimed in any preceding claim wherein the treatment device is

mounted on an inner member.

A method as claimed in claim 73 comprising engaging the embolic protection

device with the inner member to deploy the embolic protection device.

A method as claimed in claim 73 or 74 wherein the inner member defines a

centring member.

A ‘method for carrying out a procedure at a treatment site in a vasculature

cbmprising the steps of:-
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proyiding a catheter system comprising a filter delivery catheter and a
treatment device delivery catheter, the filter delivery catheter
comprising a filter retaining sheath and a shaft extending from the
sheath, the treatment device delivery catheter comprising a treatment
device retaining sheath and a shaft extending from the sheath, the
treatment device delivery catheter shaft extending through the filter

delivery catheter sheath and shaft;

providing a treatment device loaded into the treatment device delivery

sheath;

providing an embolic protection device loaded into the filter sheath,
the embolic protection device having a collapsed configuration for
transport through the vasculature and an expanded deployed

configuration for collecting emboli released curing a procedure;
advancing the catheter system to a treatment site in the vasculature;
deploying the embolic protection device from the filter sheath, the
deployed filter taking up an expanded emboli-collecting

configuration; and

deploying the treatment device from the sheath of the treatment

device delivery catheter.

77. A method as claimed in claim 76 comprising retrieving the embolic

protection device into the reception space of the catheter after completion of

the procedure.
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A method as claimed in claim 76 or 77 comprising advancing a guidewire
through the vasculature so that a distal tip of the guidewire is located distal of

the treatment location, and then advancing the catheter over the guidewire.

A method as claimed in any of claims 76 to 78 wherein the treatment device

comprises a balloon.

A method as claimed in claim 79 wherein the balloon is an angioplasty

balloon.

A method as claimed in any of claims 76 to 79 wherein the treatment device

comprises a stent.
A method as claimed in claim 81 wherein the stent is a self expanding stent.

A method as claimed in claim 81 wherein the stent is a balloon expandable

stent.

A method as claimed in any of claims 76 to 83 wherein the treatment device

is mounted on an inner member.

A method as claimed in claim 84 comprising engaging the embolic protection

device with the inner member to deploy the embolic protection device.



PCT/IE03/00072

WO 03/094790

1/24

z 14

6l -
| "Bid e/ \
\\\ / [/ [/ [/ / 7/ /[ / [ /1 / / /7 [/ /
® ® ® ¢ G @ @ 3:3

/////////////////////Z///%

%ﬁ!.i.'-ll_-I-I«-I‘-l‘-ld-.dnlﬂnlu‘-'- |<- 4. e

shiienasnen

A

;/:::::::::/:::::::::::V

///////////////////é////////////////%

[ [/

[ [ /1L [ [/

Wﬂ\\\\_,\\\\/ / 7 7/ /
9 \ \ /
g 9l Gl

v

/

SUBSTITUTE SHEET (RULE 26)



21

WO 03/094790

10

20

26

/
\

\\

1111 ey eseeettunrerostssoontioaasnsseistontssesiotottass

2/24

Fig. 2(a)

12
12

\W

10

/20

26
26

29

21

A\

SUBSTITUTE SHEET (RULE 26)

AN

T T

26

PCT/IE03/00072

Fig. 2(b)

\\




PCT/IE03/00072

WO 03/094790

3/24

4

i ‘
/
?%/,,%_a.wuwﬂ??a %ﬂﬂy///////é//////////é/

TSI MTIIEETIINDY

,;/ ,,,,,,g_@.5,@W,.E,gﬁ%ﬁwﬁ!,éz////////////////ézé

=

\D

0¢

_‘N\

Ol

a¢

1L

............................................................................ T

N ) G N N X
%//éaﬁ,..x..,,%,aa%a,_aaa,?//////////////// M

———————————————
SEE DS S e BN S Y

\ I

0c

~=

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

4/24

¢l

14
92 g
9
oL % r\t €
A
N\
i R
_ v
-
A < i
0l ” 2— SN0 8 A
\ N

0c

FHR v vt vonde st dine sk
SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

5/24

ALRANANANANANANRARARAARRARAANARANAARRANALRARARRAIRRRA R /// V VJ

ol \¢
L7 ol J | v/
AALALLLRRRRVRVVAALARRRRAADERRRRRAAAAMAAALAARAAM L
14 / gl - 12 \

EEEEEE;EEEE;EEEE:EEEE;;E /// V
9 174

It N O N N O A OO N | AN

y i N,
Rad Gl
EEEEEEE;EEEE;/EE;EEE;;E;E ////// /

/ /

0¢ 174

SUBSTITUTE SHEET (RULE 26)



WO 03/094790 PCT/IE03/00072

6/24

—_~
N
AN
« D
T W

&

N
w
N ——=
\% =
\.L’\

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

7/24

g

¢ B4

X///

9l

\

6l 4

/ q ,

ANIANEANEAN A\NEANEAN

AN

ANEANEANEAN ////\ V4

/

JAARAAVAAANAATARAVAATAUVARRAR VARV

UVAATARVAL VAN //,/ ////////////////,%////%

8

eauRaes

- AN

VLAV

//:///:/:://:/://,//://:/://///://

LAV ALV %7/ /%f/ // //4////7/////////%v

/

VAV [ [ [ [

YV

[/

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

8/24

AQY_V "Bi4 _EEEEEE;EEE;EEE;E;EE:EE;EE%E

)

EEEEE;;/E/2;222222EEEE;EE

ow

Amv.—u g O 15 TR AANAAXRARRANRARRARRARRARRARRRARRNRRUARAARUARVARRARRARRAARVARVARAN

AT

L€

NUARANRNRARRRANRYRANINRARAANANRNUASAANRARANANIARNANANRNRARAAA

~

0¢

M,
wN\

NI

ERPRRIE S VTN,

GRR 870 0% i it i
SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

9/24

Abv._u "B14 EEE;E;/,EEEEEEE2/2/EE;E;EE/

1%
ze » \R 23 ,
\ (g
111 — | A S N\

._--:-.--:---:-:-:-—-:-::--

LY

le

,/,/////,E_E.E,.é.,_e.%@._EPEPE

e

JARYANRARARNANANAYAYRYRARYAYANRRRNRARNRNANAAANANARANURARANRAAARAA

(0)y "B\d IO

ol
14
\ /

e e R e eaeeesngad
/ ,,2,,2%.,,z_e_,?,,,%.z,z_.z,.,/,,.,,,fé,__,,,//////// T,
| S A S N N S O A

;E%EEEE%%EE%E%@%L NN
60660 o oNW - " "/

Y

2%

_///////////////////////////////////////////////\§////////////////// By
0¢ ¥4

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

10/24

CXV ‘Bi [ARNANRARNAARYRARNANRARNRNRARARARANANRARARARARARARRARARARARAR A

11

3%

G

!
EE:EEEEE:,/;;/2EEV;EEEE;EEE
0z

\

%4

(9)y ‘B14 ALNANRNLNRNRNRYRYRANUYANRNRNRNAARANANRARARARARDRANRARNANRARARARARY

9l

Q

0

| ::f

= et T e ¢ o 1 B

o @

Il

14

,//////// AV '2_ ,??Eé_,é_ ,2_3/_2,_?_2,. A ?E?ﬂ/////

( —

RN,

/4?/42522242EE—EEE_

,”'I'q

€

‘..I

SUBSTITUTE SHEET (RULE 26)

[AARRRRARARARANANRNRNRARNRANANANRNRARARANUVUNRNRARARARARARARANAA

AL 5 et e = e §

T

\\




PCT/IE03/00072
11/24

WO 03/094790

AUULEULLLEUEARARARRAAAAAAAAAAARAAAAAARAARARRRRRARRRRAARARRAARARAAN /////
(W) b1

VA A L L L L AW A AV AV, & AT VI VAT VT VI ALL

e /:: :m_u\l: T
0l

EEEEE;EEE;;;;EEE;;E;;VEEEE ////V
n 0z 1z

AANDARNDNRNRYANRNAARARANANRNRANANANRARANONRARANRARNRARAAAARARAAY /// //////

™~ <

y A

S
-
=
N
N

T A XTAYVIT Li/Z] -}—N—

SUBSTITUTE SHEET (RULE 26)

L R4

N
.
N
>
N
-
L
<
N
N
N
»
N
N
N

\
| ./
,E/E;;E;;E/2//EEEVE;EE;EEE:E; //////////
14 1z




PCT/IE03/00072

WO 03/094790

12/24

A_v._w g ]I [ I1LARRARAYRANNRYRAARNRVRRARRARRARNARNRYARARRARAARVARVARVRAARAAN

(A

LN

1€ Gl —T

[AXVANANRARANRANANAANANAUNRNNANRAAASANADARANUNRANRARANRARANRARAAARY

T

/

0c¢ 1z

/

\./\

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

13/24

14

6l ‘Bi4 6
w//// NN NN //@/“H_ ////// ////vLY
,///z%/x//%%///x/2/%zé///%g//%/z% ////////%/////////////////////

NS00

N

A A ATATAAVUATLARRVENERAN m%%Wwwww%ZZ//Z@

A / / /[ / / / / / / / / /\\ _\\\\
7 61 ” G B4 3 L , ’
NN N\ NN\ N\ NN ///// NEANEN .\,
\ AAAVALVAL ANV é%%//X//;/z///é/x/é//// // ///////M
@ SRR ERRN0NEE
e oy
\\jrmrmemvmvarararmvavarataz: ///////jﬂf///////////////////////é
o¢\ / / /7 / / /7 / 77 7 /7 /7 | /7 /7 /7 / / / / /

S /S / /
€ ol Gl

T
/
/
Ll

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

14/24

/ .m_u_ 6l 2
- LS GL / / 510 6l 0/
| \ | /
_\I\lh\M\///{w////l\.V///\//)/// S NN N VNN SN AN N ANEANEANEAN W W Wy Y —
\
AT LT LTI TTTIVTITUERTTRITITRINTRINNANNY
\|I.\
ﬁ 7777 \\\\\/\\\\ 7 7 7 7 7 777 7777 77 77 7 7 7 7 \\\A L L L)
A \ 09 \
0S L9

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

15/24

Aﬂvw O_ . S\\\\\\\\\\\\\\\\\\S\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\Ng\\\\\\\\\\\\\\%\\\%g

08 / \ [\ Vi
\ A TR

===

A1

..“':h.h.h\hhhhhhhhhh‘hhh.hhﬁ ’/////////////////////////4&?/%@%—&.@ ..IV/V.P/./A/.‘ P M_Ew/lw‘ P//.’.P/V/.‘P//V.B/.‘ V/lz%l—/‘ék/l%ll.

566 &b 0 60 &0l

18 o \
_2//2/2//2//////////////c,////////////////////////////////a%/é%gd@

ON\ _‘N\

(e)g B\d g e

18

_/////2////2///////////////Vy///////////////////////////////////
74 ¥4

/

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

16/24

Ava ‘Bl 14 [AANRNLARARARANANLNRNRARNRARARRAARARANANRNRARYRARRANANRNRNRR ALY

T S .
Y Gl 4— mw E/
'— / .l_l!a//////

e |
(T L..:............................................/é/////////////////,2,_|,Nm.M@ﬁw@aﬂﬂﬂgﬂ_.,,.,%hhahha.a,,h,ﬁ,.h,.,.h,_a,.,
g 08 . ) —: o’
A 28 4
_EEEEEEE;E2/EEE;;/EVEEEE;E; ) i\
0c Iz

Ava D_ 4

P 5 9 29 0 00 Qo0 o o

A rrr U T,

AW A VT A A VO SR W A T 4 W, Y T A
LIEA11AITAI3A1ILITNITEAANITAIRANALVARR Y

L éEEE;I;E%E%E,ﬁ@ AL

SLILTLATLLALLLA TR RRA LRI NR AR R RR TN RRARINANE

Y

18

VEERARERA RS RN AR R AR SNN RN AU ARANNRANANNEA

_//////////////2////////////////////////V/yy////2//////////2/ v

0¢ 12

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

17/24

va ) D_ - ALARAARARRRNANARARARNARARARYANARARYANARARARNRVARARRRNARRRA A //
el 0L

Y

18 08
75 09
A rAS

[AANANANANAVARARARNANRNANANANANARRRNRNRNRNANARARARARURNANARARARA

Amvw ‘Bl 8 IANNRANRRARRRAYRANARAVARAVRARRRAARRAYRUARRAAARAARRVARRAARRAAARAAN

N

\1%/// 1 i O
(TN YR =TT /,E_.@_@”@”@_.g_,,,.,,_@_@__@_@_?_@_,k,__._u_/./..WW.%%a%%_
" :_:zé—%—;{:l::
1 A

EEE;E/EE;EE,/EE/E;E;E;;;EE;;

\

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

18/24

Asvw O_n_ T L T \\\\\ \§\

08 G/ 0.
\

L YA A A A Ll L L)\ A A A Faril VI VAT VT AL A V]

Fw 77277 27277 2777 Z 27Ty 7, AV A7, WAV R AANEVILAL
_‘m\ ( om\ \

cS

EEEEE::::::::E\E\\EE:E:::E:EE Q\\\\
0¢ T4

(6)g *614 [N ////

GG 0.

08 / _

SUBSTITUTE SHEET (RULE 26)

L L L 2L L L YAVAVAR AMUMY, W AVIRANYVIAY, W IRTRNY N AVIVA)

v 11

vw L L Ll L __\
1 mN\ oo ( 8\ \

g
_,E;E//E;;E//;;EE///;E/E/EE;E;EEEA%///// /

om\ vm\




PCT/IE03/00072

WO 03/094790

19/24

(Ng 614 ARAVANANANANUNLYRARAAANANRNRNRANANANANRNRNRARARARARERANANRAA AN

/

08
18 % —

E;E/E/2/2/2/,2/22//EE;2/22;;2/%

\/’\

SUBSTITUTE SHEET (RULE 26)

/

0¢



WO 03/094790 PCT/IE03/00072
20/24

75

/90

52

97

llllll'lllllll'll'1llll"'lll"Illll!'l'lll"l'l"l"l"’

T S IR 1% 3

AER LR LVR RN

\
94

1
Y I T il i

L

T 1L 11 o4 1o 0 YO ST S0 T% RS 8% 3%\ %

I IJrrr arrd i il il

AL IE LML L

N

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

21/24

(q)01 “Bid

_////////////////////////,////////,//////////////////////////////////////yy/

I D G T IR I,

D STTIITIT
/ST
e e S e ez tensioossssaisseansomstassiomsasvansasens, .////%,

S aal—

T e P

G6 LG 96 €6

[XAUUAAARLUAARARARARAATULAARARAAAARULARAAAUUUUAAAARAALAUUAUARARARA LAY

\\\ vmm\\

0c

(e)ol B4

ALRLLLULULALARAAAAAAAAALARUALALEARARRRALLUR AU URALAUALAAARARAARAA LY

|

/

08 Lz
, 0z

\
[XUAALVLLALLALAARAAARLLAALVULRALUARARAUUAAARARVARERRLUARRRRARAARRAANY

SUBSTITUTE SHEET (RULE 26)



PCT/IE03/00072

WO 03/094790

22/24

(p)ol "B

T Jiii
¢S

NI A L

-—
w
(a0}
o)
— VAV ———
e}
N~

VA ¥

ot g gm0 28 L /4

96 A\

(9)ol "bi4

T T,

SUBSTITUTE SHEET (RULE 26)



23/24
~~
) 8
p
& S
-
[ Te] <
Koy
LL
‘_
wn
(]
N
()
[a\]
(32 [s2]
[e)] ()]
2 >
-~
- N
N
| U]
N
w0
N~
Ao
(o] (]

WO 03/094790

B, moenn st PRV

SUBSTITUTE SHEET (RULE 26)

PCT/IE03/00072

Fig. 10(f)

A




/
Yﬂ\\\\

WO 03/094790

95

AALALTALTLAALALARARTARARAARAR TR AR AN
51

JILTALILTARALTLTARERRARARAARARARIAAN

o

24/24

D
\

Fig. 10(g)

TILVEVRTVARVATAAVAANY

20

52

T T T

[LALEALANAVATALTAARAARELARRRARUARALAARAAARAAARAAANN

PCT/IE03/00072

\\}&
—

21

/

)

8

B
“‘X\\X\\\X?\\

/8
$

SUBSTITUTE SHEET (RULE 26)

W’Jf? 7/]/7 ///// [ T T

B

Fig. 10(h)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

