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(57) Abrége/Abstract:

An embolic protection system (1) comprises a guidewire (99) for advancing through a vasculature, the guidewire (99) having a
distal end and a proximal end; an embolic protection filter (1) having a filter body (41) with a distal end and a proximal end, the
filter body (41) providing for a collapsed configuration and an expanded deployed configuration. The embolic protection filter
body (41) has a guidewire path for slidably receiving the guidewire (99) to permit movement of the filter (1) relative to the
guidewire (99) when the filter (1) Is In the collapsed configuration and the expanded deployed configuration. A delivery catheter
(2) Is advanceable over the guidewire (99) for delivery of the embolic protection filter (1), the delivery catheter (2) having a
proximal end and a distal end. The filter (1) i1s deployed from the distal end of the delivery catheter (2) into the expanded
deployed configuration. A retrieval catheter (3) Is also advanceable over the guidewire (99) for retrieval of the filter (1), the
retrieval catheter (3) having a distal end and a proximal end; and engagement elements for engaging the embolic protection filter
(1) with the guidewire (99) for retrieval of the filter (1) into the retrieval catheter (3) in the collapsed configuration.
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ABSTRACT

An embolic protection system (1) comprises a guidewire (99) for advancing through a
vasculature, the guidewire (99) having a distal end and a proximal end; an embolic
protection filter (1) having a filter body (41) with a distal end and a proximal end, the filter
body (41) providing for a collapsed configuration and an expanded deployed configuration.
The embolic protection filter body (41) has a guidewire path for slidably receiving the
guidewire (99) to permit movement of the filter (1) relative to the guidewire (99) when the
filter (1) is in the collapsed configuration and the expanded deployed configuration. A
delivery catheter (2) is advanceable over the guidewire (99) for delivery of the embolic
protection filter (1), the delivery catheter (2) having a proximal end and a distal end. The
filter (1) is deployed from the distal end of the delivery catheter (2) into the expanded
deployed configuration. A retrieval catheter (3) is also advanceable over the guidewire (99)
for retrieval of the filter (1), the retrieval catheter (3) having a distal end and a proximal
end; and engagement elements for engaging the embolic protection filter (1) with the
guidewire (99) for retrieval of the filter (1) into the retrieval catheter (3) in the collapsed

configuration.
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“An Embolic Protection System”’

Introduction

This invention relates to a transvascular embolic protection system for safely
capturing and retaining embolic material released during an interventional

procedure while maintaining blood flow.

WO-A-99/23976 describes various embolic protection systems of this type.
WO-A-99/51167 and WO-A-99/51166 describe delivery catheters for delivery
of an embolic protection filter to a desired site in the vascular system. Various
embolic filters are described in WO-A-00/67668), WO-A-00/67669 WO-A-
00/67670 and WO-A-00/67671. A retrieval catheter for use with such embolic
protection systems is described in WO-A-01/12082.

There 1s an economical and clinical need to provide an improved embolic
protection system which will be easy and convenient for a clinician to prepare
for use, to deploy and to retrieve. In addition there is a need to provide such a

system which will facilitate a wide range of clinical procedures to be carried out.

Statements of Invention

According to the invention there is provided an embolic protection system

comprising:-

a guidewire for advancing through a vasculature, the guidewire having a

distal end and a proximal end;
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an embolic protection filter having a filter body with a distal end and a
proximal end, the filter body providing for a collapsed configuration and

an expanded deployed configuration;

the embolic protection filter body having a guidewire path for slidably
receiving the guidewire to permit movement of the filter relative to the
guidewire when the filter 1s mn the collapsed configuration and the

expanded deployed configuration;

a delivery catheter advanceable over the guidewire for delivery of the
embolic protection filter; the delivery catheter having a proximal end and
a distal end, the filter being deployed from the distal end of the delivery
catheter into the expanded deployed configuration;

a retrieval catheter advancable over the guidewire for retrieval of the

filter, the retrieval catheter having a distal end and a proximal end; and

engagement elements for engaging the embolic protection filter with the

guidewire for retrieval of the filter into the retrieval catheter in the

collapsed configuration.

In one embodiment of the invention the guidewire path 1s in 1solation from the

embolic material captured within the filter body.

25 In a preferred case the tubular guidewire path 1s defined by a tubular sleeve.

Ideally the tubular sleeve extends from the proximal end to the distal end of the

filter. Desirably the guidewire path is a tubular guidewire path.

In another embodiment the engagement elements comprise a guidewire

30 engagement element on the guidewire and a filter engagement element on the
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filter, the engagement elements co-operating to provide selective engagement
and positioning of the filter with respect to the guidewire. Preferably the
engagement element of the guidewire comprises a guidewire abutment on the

guidewire.
The guidewire abutment may be located at the distal end of the guidewire.

The guidewire abutment may be located proximal of the distal and of the

guidewire.

In a particularly preferred embodiment the engagement element of the filter

comprises a filter abutment on the filter.
The filter abutment may be a distal abutment on the filter.
The filter abutment may be a proximal abutment on the filter.

Most preferably the tubular guidewire path 1s defined by a sleeve and the filter
abutment 1s provided by the sleeve.

In another embodiment of the invention the engagement elements comprise
releasable locking elements. Preferably the releasable locking elements comprise
a taper lock. Ideally the guidewire engagement element comprises a locking ring
on the guidewire and the filter engagement element comprises a tapered surface
of the filter, the locking ring having a tapered surface which is engageable with
the tapered surface of the filter to lock the filter to the guidewire. Most

preferably the locking ring is a split ring.
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In another case the embolic protection system includes a tube advancable over

the guidewire, the locking ring being located between a distal end of the tube and
the filter for retrieval of the filter.

Desirably the releasable locking means includes a tether engageable with the

filter for retrieving the filter into the retrieval catheter.

In a preferred embodiment the embolic protection system comprises deployment
means for moving the collapsed filter relative to the distal end of the delivery
catheter. Preferably the deployment means comprises a tube which 1s
advancable over the guidewire for engagement with the proximal end of the
filter, the tube being movable longitudinally relative to the delivery catheter for
deployment of the filter from the distal end of the delivery catheter.

In another embodiment the embolic protection system includes loading means
for loading the filter into the delivery catheter. Ideally the loading means
comprises a funnel having a narrowed portion disposed at the distal end of the
delivery catheter and an enlarged portion for receiving a proximal portion of the
filter in the expanded configuration, the filter being progressively collapsed as it
is moved through the funnel for loading into the delivery catheter.

In a further embodiment the embolic protection system includes engagement
means for engaging the filter within the retrieval catheter. Preferably the
engagement means comprises a frictional engagement between the filter body
and an internal surface of the distal end of the retrieval catheter. Most preferably
the engagement means comprises projections on the inner surface of the retrieval

catheter adjacent the distal end thereof.

In another preferred embodiment the delivery catheter includes an elongate slot

disposed in a first sidewall thereof at a first distal location which 1s spaced a
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relatively longer distance from the proximal end of the delivery catheter than
from the distal end of the delivery catheter, and wherein the inner deployment
catheter includes an aperture disposed 1n a second sidewall thereof at a second
distal location which substantially corresponds with said first distal location for
sald elongate slot, thereby permitting co-operative movement of said filter with
respect to said guidewire and associated delivery and deployment catheters for
selective deployment of the filter while facilitating the rapid exchange of said

catheter and filter assembly over a guidewire without the utilisation of exchange

wires or extension wires.

The embolic protection filter may comprise a collapsible filter body, the
proximal inlet end of the filter body having one or more inlet openings sized to
allow blood and embolic material enter the filter body, the distal outlet end of
the filter body having a plurality of outlet openings sized to allow through
passage of blood but to retain undesired embolic material within the filter body.
Ideally the filter comprises a collapsible filter support frame having a proximal
end and a distal end, the filter support frame beimng movable between a collapsed
position for movement during delivery through the vascular system and an
extended outwardly projecting position to support the filter body in an expanded
position thereby urging the filter body into apposition with the vasculature upon
deployment. Most preferably the embolic protection system comprises a guide

olive provided at the distal end of the filter body.

Desirably the embolic protection system comprises an inner elongate sleeve to
which the filter body and the filter support frame are mounted, the sleeve having

a proximal end and a distal end, the guide olive extending distally of the sleeve

distal end.

the proximal end of the filter support frame and the inlet end of the filter body

are preferably attached to the proximal end of the sleeve.
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The guide olive may be integral with the filter body.

Ideally the guide olive tapers distally inwardly.

In another aspect the invention provides a method for the capture and removal
of embolic material from a blood vessel during an interventional procedure

comprising the steps of:-

10 advancing a guidewire through a vasculature;

crossing a desired treatment location with the guidewire;

introducing over the guidewire a collapsible embolic protection filter
15 having a collapsed configuration, the collapsed configuration permitting

delivery and withdrawal of the filter;

deploying the filter distal to the treatment location;

20 carrying out the interventional procedure, embolic material generated

during the treatment procedure being captured by the deployed filter;

advancing a retrieval catheter over the guidewire;

25 collapsing the filter into the retrieval catheter and with it the captured

embolic matenal;

withdrawing the retrieval catheter and the collapsed filter from the

vasculature leaving the guidewire in the vasculature.

30
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In one embodiment of the invention the method comprises the step of providing

a catheter over the guidewire after withdrawal of the retrieval catheter.

In another embodiment the method includes the step of moving the guidewire
S after withdrawal of the retrieval catheter and the collapsed filter from the

vasculature to re-position the guidewire in the vasculature.

The catheter may be a catheter for delivery of a diagnostic medium.

10 The catheter may be a catheter for delivery of a Iytic agent.

The filter 1s preferably slidably disposed on the guidewire when the filter is in the
expanded deployed configuration.

15 In one preferred case the filter is rotatably disposed on the guidewire when the

filter 1s 1n the expanded deployed configuration.

In a further embodiment the method includes the steps of:-

20 loading the filter in a collapsed configuration within a delivery catheter;

advancing the delivery catheter and filter over the guidewire to deliver the

filter to a desired location; and

25 deploying the filter from the delivery catheter at the desired location.

Preferably the method includes the steps of:-

collapsing the filter from an expanded configuration for loading the filter

30 into the delivery catheter;
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the filter being expanded to a deployment configuration on release from

the delivery catheter.

The treatment location may be a region of stenosis.

In one embodiment the interventional procedure includes a balloon dilation of

the stenosis while the filter 1s deployed.

In another embodiment the interventional procedure includes a stenting of the

treatment location while the filter 1s deployed.

According to another aspect of the invention there 1s provided a medical catheter

for transvascular delivery and deployment of an embolic protection filter, the

catheter comprising:-

an outer catheter tube defining a distal end; and

an inner catheter tube defining a distal end,;

the outer tube being at least partially movable relative to the inner tube
between a delivery configuration in which the distal end of the outer tube
extends distally of the distal end of the inner tube to define a reception
space for an embolic protection filter within the outer tube, and a
deployment configuration in which the distal end of the inner tube

extends distally of the distal end of the outer tube for deployment of the

embolic protection filter ;

the inner catheter tube providing compressive resistance and the outer

catheter tube providing stretch resistance.
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In one embodiment the inner catheter tube at least partially comprises a

relatively stiff core encased in a more pliable body.

In another embodiment the outer catheter tube at least partially comprises a

relatively stiff core encased in a more pliable body.

The core 1s preferably oriented to prevent elongation of the outer catheter tube

and/or compression of the inner catheter tube.

The core may comprise a mesh.

In one case the core comprises a plurality of longitudinally oriented strips of a

stiff material. In another case the core comprises a plurality of circumferentially

oriented strips of a stiff material.
The core may be of a metallic material. The metal is preferably stainless steel.

The phable body may be of a plastics material. The plastic 1s preferably

polyamide.

In a further aspect the invention provides an embolic protection device

comprising;

a collapsible filter element for delivery through a vascular system of a

patient;

the filter element comprising a collapsible filter ‘body and a collapsible

filter support frame contacting the filter body;
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the filter body having an inlet end and an outlet end, the inlet end of the
filter body having one or more inlet openings sized to allow blood and
embolic material enter the filter body, the outlet end of the filter body
having a plurality of outlet openings sized to allow through passage of

blood but to retain undesired embolic material within the filter body;

the filter support frame being movable between a collapsed position for
movement through the vascular system and an extended outwardly

projecting position to support the filter body in an expanded position;

the frame having an intermediate section to urge the filter body in the
expanded position into apposition with a vessel wall, and a proximal

section extending radially inwardly of the intermediate section;

at least part of the proximal section of the frame being spaced distally to
accommodate inflow of embolic material through the inlet openings in

the expanded position.

In one embodiment of the invention the filter body comprises one or more
linking webs between adjacent inlet openings, and a part of the proximal section

of the frame extends radially inwardly in alignment with the webs.

The frame proximal section preferably comprises one or more frame elements, at
least one frame element providing the part of the proximal section spaced
distally. Ideally at least one frame element provides the part of the proximal
section extending radially inwardly in alignment with a linking web between
adjacent inlet openings. Most preferably the number of frame elements 1s four,
two frame elements extending radially inwardly in alignment with two webs

between two inlet openings, and two frame elements spaced distally of the inlet

openings.
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Desirably the support frame 1s gold-plated and electropolished.

According to the invention there is also provided an assembly for loading a

collapsible embolic protection filter into a catheter, the assembly comprising: -

a catheter defining a reception space at a distal end of the catheter for

receiving a collapsed embolic protection filter;

a separate removable pushing device for delivering the medical device

into the reception space.

In one embodiment the assembly comprises a separate loading device to collapse
the embolic protection filter, the loading device defining an inlet end and an

outlet end, the outlet end being configured for co-operative alignment with the

reception space.

The pushing device may comprises a proximal stop for engagement with the
embolic protection filter. Preferably the pushing device comprises a stem, the
stem having a distal stop for engaging the embolic protection filter. Ideally the

pushing device comprises a handle.

In another embodiment the loading device comprises means for radially

compressing the embolic protection filter.

the loading device preferably comprises a funnel, the inlet end defining a larger
cross sectional area than the outlet end. Ideally the loading device comprises a
main support having a funnel-shaped bore formed from a frusto-conical embolic

protection filter receiving portion terminating in a cylindrical portion formed by
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a loading tube projecting from the main support for alignment with the reception

space before loading.

The cone angle of the funnel is preferably between 15° and 65°. Most preferably
the cone angle 1s between 35° and 45°.

In a preferred embodiment of the invention the loading device extends into the

reception space.

In another preferred embodiment of the invention the loading device extends

around the outside of the reception space.

In a further embodiment the assembly comprises a tray, the tray comprising a
first retaining means for releasably supporting the pushing device in a disengaged
position before delivering the embolic protection filter into the catheter.
Preferably the assembly comprises a second retaining means for releasably

supporting the loading device in co-operative alignment with the catheter during

loading.

The retaining means may comprises a channel for receiving the loading device
and/or the catheter and/or the pushing device, and at least one projection on the
channel wall projecting inwardly for snap retention of the loading device and/or

the catheter and/or the pushing device.

Ideally the tray comprises a liquid retaining bath formed by a recess i1n the tray,
the bath having a depth sufficient to accommodate 1n a totally submerged state
the reception space of the catheter and the embolic protection device for

submerged loading of the embolic protection filter into the reception space.
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The tray preferably has a catheter holding channel communicating with the bath,
the channel defining a pathway around the tray which supports the catheter in a

loading position on the tray.

In another embodiment means for securing the catheter within the channel
comprises a number of retainers spaced-apart along the channel, each retainer
comprising two or more associated projections which project inwardly from
opposite side walls of the channel adjacent a mouth of the channel, the
projections being resiliently deformable for snap engagement of the catheter

within the channel behind the projections.

A ramp may be provided at an end of the channel communicating with the bath

to direct the reception space of the catheter towards a bottom of the bath.

Ideally means 1s provided within the bath for supporting the reception space of

the catheter above the bottom of the bath.

Said supporting means is preferably a step adjacent the channel.

The first retaining means may be provided within the bath.

Desirably the assembly comprises a flushing means. Most preferably the

flushing means comprises a syringe.

In a further aspect of the invention there is provided a method of loading an

embolic protection filter into a catheter, the method comprising the steps of:-

providing an embolic protection filter, the embolic protection device

being collapsible;
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providing a embolic protection catheter defining a reception space at a

distal end of the catheter for receiving the collapsed embolic protection

filter;

providing a pushing device for delivering the embolic protection filter into

the reception space;

delivering the embolic protection filter into the reception space using the

pushing device; and
removing the pushing device from the reception space.

In one embodiment the method comprises the steps of :

providing a loading device to collapse the embolic protection filter, the

loading device defining an inlet end and an outlet end;

aligning the outlet end of the loading device in co-operation with the

reception space; and

delivering the embolic protection filter through the inlet end of the

loading device and into the reception space.

In a preferred case the catheter comprises an internal proximal stop, and the
method comprises the step of moving the collapsed embolic protection filter
proximally in the reception space using the pushing device to engage the internal

proximal stop and disassociate the loaded catheter from the loading device

before removing the pushing device.
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The catheter may be constrained relative to the loading device before delivery of
the embolic protection filter through the loading device into the reception space,
and the method comprises the step of releasing the constraint to facilitate

disassociation of the loaded catheter from the loading device.

In another embodiment the pushing device comprises a wire for threading
through the embolic protection filter, the wire defining a distal stop for engaging

the embolic protection filter.

The loading device may comprise an elongate neck at the outlet end, and the
method comprises the step of at least partially positioning the elongate neck in

the reception space before delivering the embolic protection filter into the

reception space.

In a preferred embodiment the method comprises the step of flushing the

embolic protection filter before delivering the embolic protection filter into the

reception space.

Ideally the method comprises the step of flushing the catheter before delivering

the embolic protection filter into the reception space.

In a preferred case the catheter comprises an outer catheter tube and an inner

catheter tube, the inner catheter tube defining the internal proximal stop.

Desirably both the inner catheter tube and the outer catheter tube are flushed

before delivering the embolic protection filter through the loading device.

In another aspect the invention provides a method of loading an embolic

protection filter into a catheter, the method comprising the steps of : -
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providing a embolic protection flter, the embolic protection filter being

collapsible;

providing a catheter defining a reception space at a distal end of
the catheter for receiving the collapsed embolic protection filter, the

catheter comprising at least one internal proximal stop;

providing a loading device to collapse the embolic protection filter, the

loading device defining an inlet end and an outlet end;

aligning the outlet end of the loading device with the reception space;

delivering the embolic protection filter through the loading device and

into the reception space; and

moving the collapsed embolic protection filter towards its proximal end in
the reception space to engage said at least one the mternal proximal stop

and disassociate the loaded catheter from the loading device.

20 In one embodiment the method comprises the steps of :-

25

providing a pushing device for delivering the embolic protection filter
through the loading device and into the reception space, and for engaging

the collapsed embolic protection filter with the internal proximal stop;

and

removing the pushing device after disassociating the loaded catheter from

the loading device.
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In a preferred embodiment the pushing device comprises a wire for threading
through the embolic protection filter, the wire defining a distal stop for engaging

the embolic protection filter.

The loading device preferably comprises an elongate neck at the outlet end, and
the method preferably comprises the step of at least partially aligning the
elongate neck with the reception space before delivering the embolic protection

filter through the loading device.

The method may comprise the step of flushing the embolic protection filter

before delivering the embolic protection filter through the loading device.

The method may comprise the step of flushing the catheter before delivering the

embolic protection filter into the reception space.

In a preferred embodiment the catheter comprises an outer catheter tube and an

inner catheter tube, the inner catheter tube defining the internal proximal stop.

Desirably both the inner catheter tube and the outer catheter tube are flushed

before delivering the embolic protection filter through the loading device.

According to a further aspect of the invention there is provided a removable
device for loading a collapsible embolic protection filter into a catheter, the
device comprising a distal stop for releasably engaging with the embolic
protection filter to push the embolic protection filter towards a proximal end of a

catheter thereby loading the embolic protection filter into the catheter.

The distal stop 1s preferably provided on an elongate stem.

Most preferably the distal stop 1s integral with the stem.
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In one case the distal stop comprises a step In the stem from a small diameter

portion proximal of the step to a large diameter portion distal of the step.

The small diameter portion preferably has a diameter of approximately 0.014”
(0.3556 mm).

The large diameter portion preferably has a diameter of approximately 0.018”
(0.4572 mm).

The distal stop may be attached to the stem.

Ideally the stem comprises a wire.

The stem may comprise a low friction coating for ease of threading through the

medical device. Ideally the coating 1s of polytetrafluoroethylene.

In one case the device comprises a handle.

The invention provides a clinician with the freedom to select from different

guldewires prior to selection of an embolic filter.

Prior art assemblies suffer from the disadvantage that different guidewires cannot
be used with a particular filter during an interventional procedure. A clinician 1s
thus constrained to discard both the guidewire and the filter if the guidewire

proves unsuitable, for example because it 1s too stiff or some other mechanical

property 1s undesirable.

An important advantage of the invention 1s that because the filter 1s not attached

to the guidewire in a collapsed configuration for delivery, the guidewire which 1s
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first advanced through the vasculature has a lower profile. Therefore the

guidewire alone can more easily navigate narrow and tortuous regions of the

vasculature.

Another important advantage of the invention is that because the filter is not
fixed to the guidewire, if the deployed filter is mis-sized with respect to the
region of the treatment site it is free to be carried distally by blood flow to a
narrow section of the vasculature at which the filter effectively achieves
apposition with the vessel wall. This ensures that all blood flow with entrained

embolic material passes through the filter.

Brief Description of the Drawings

The mvention 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 1s a perspective view of an embolic protection system pack:

Fig. 2 1s a plan view of a delivery catheter of the embolic protection system;
Fig. 3 1s a side, partially cross-sectional view of the delivery catheter of Fig. 2;
Fig. 4 1s an enlarged view of part of the delivery catheter of Fig. 3;

Fig. 4A is a perspective , partially cut-away view of the delivery catheter;

Fig. 5 1s a side, partially cross-sectional view of a handle piece of the delivery

catheter of Fig. 3;
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Fig. 6 is an enlarged view of part of the handle piece of Fig. 5;

Fig. 7 is an enlarged view of another part of the handle piece of Fig. 5;

S5
Fig. 8 is a perspective view of a female luer of the delivery catheter of Fig. 3;
Fig. 9 is a plan view of an inner catheter of the embolic protection system;
10 Fig. 10 is a side, partially cross-sectional view of the inner catheter of Fig. 9,
Fig. 11 1s an enlarged view of part of the inner catheter of Fig. 10;
Fig. 12 is an enlarged view of another part of the inner catheter of Fig. 10,
15
Fig. 12A 1s a perspective, partially cut-away view of the inner catheter;
Fig. 13 1s a plan view of the inner catheter and the delivery catheter assembled,;
20 Fig. 14 is a side, partially cross-sectional view of the catheter assembly of Fig. 13;
Fig. 15 is an enlarged view of part of the catheter assembly of Fig. 14;
Fig. 16 is an enlarged view of another part of the catheter assembly of Fig. 14;
25

Fig. 17 is a side view of the catheter assembly of Fig. 14 with the inner catheter

in a distal configuration of use;

Fig. 18 is a side, partially cross-sectional view of an embolic protection device of

30 the embolic protection system;
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Fig. 19 is a plan view of the embolic protection device of Fig. 18;

Fig. 20 is a side view of a pushing device of the embolic protection system,

Fig. 21 1s a side, cross-sectional view of a part of the pushing device of Fig. 8;

Fig. 22 1s a side, partially cross-sectional view of a loading device of the embolic

protection system,;

Fig. 23 1s an enlarged view of the detail of the loading device of Fig. 22;

Fig. 23A 1s a cross sectional view of an alternative loading device;

Figs. 24 to 27 are schematic views illustrating release and flushing of the catheter

assembly of Figs. 13 to 17,

Figs. 28 and 29 are schematic views illustrating release of the pushing device of
Figs. 20 and 21;

Fig. 29A 1s a cross sectional view on the line AA 1n Fig. 29;

Figs. 30 to 32(b) are schematic views illustrating loading of the embolic
protection device of Figs. 18 and 19 into the catheter assembly of Figs. 13 to 17;

Figs. 33 and 34 are schematic views 1illustrating disassociation of the loaded

catheter assembly of Fig. 32(a) from the loading device of Figs. 22 and 23;

Figs. 35 1s a side view of a guidewire of the embolic protection system;
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Figs. 36 to 41 are schematic views illustrating delivery and deployment of the

embolic protection device of Figs. 18 and 19 1n a vasculature;
Figs. 42 and 43 are schematic views illustrating treatment of the vasculature;

Figs. 44 to 47 are schematic views illustrating retrieval of the embolic protection

device of Figs. 18 and 19 from the vasculature;

Figs. 48 to 56 are side, partially cross-sectional views of other embolic protection

devices of the embolic protection system;

Figs. 57 and 58 are schematic views 1illustrating loading of embolic protection

devices into the catheter assembly of Figs. 13 to 17;

Figs. 59 to 61 are schematic views illustrating loading of the embolic protection
device of Figs. 18 and 19 into the catheter assembly of Figs. 13 to 17 using a

removable pulling device;
Fig. 62 is a side view of the loaded catheter assembly;

Figs. 63 and 64 are schematic views illustrating loading of embolic protection
devices into the catheter assembly of Figs. 13 to 17 using the pulling device of

Figs. 59 to 61;

Figs. 65 to 69 are schematic views illustrating retrieval of an embolic protection

device from a vasculature:

Fig. 70 is a side view of another guidewire of the embolic protection system;
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Figs. 71 to 74 are schematic views illustrating deployment of an embolic

protection device 1n a vasculature;

Figs. 75 and 76 are schematic views illustrating deployment of another embolic

protection device in the vasculature using tethers;

Fig. 77 1s a schematic view illustrating release of a tether of Figs. 75 and 76;

Figs. 78 to 81 are schematic views illustrating delivery and deployment of an
embolic protection device of a rapid exchange embolic protection system in a

vasculature;

Fig. 82 1s a side, partially cross sectional view of another embolic protection

system;

Fig. 83 1s a side, partially cross sectional view of a further embolic protection

device; and

Figs. 84 and 85 are cross sectional views of a distal portion of catheters.

Detailed Description

Referring to the drawings there 1s illustrated a transvascular embolic protection
system according to the invention for safely capturing and retaining embolic

material released during an interventional procedure while maintaining blood

flow.

The embolic protection system comprises an embolic protection device 1, a
delivery catheter 2 for delivery of the embolic protection device 1 to a desired
location in the vascular system and a proximal stop for deployment of the

embolic protection device 1. The device 1 is collapsible from an expanded
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deployed configuration to a retracted delivery configuration. The delivery
catheter 2 has a pod 13 at the distal end to define a reception space for the
embolic protection device 1 1n the collapsed delivery configuration. The
proximal stop 1n this case 1s provided by the distal end 27 of an 1mnner catheter 25
which extends towards the pod 13 of the delivery catheter 2 for deployment of

the embolic protection device 1 from the pod 13.

In use, the embolic protection device 1 1s loaded into the pod 13 of the delivery
catheter 2 which is delivered over a pre-positioned guidewire 99. At a desired
location the mnner catheter 25 1s moved relative to the delivery catheter 2 to
deploy the embolic protection device 1 from the pod 13. The delivery and inner
catheters 2, 25 are then withdrawn leaving a bare guidewire 99 over which
various devices such as a dilation balloon and /or a stent can be advanced to the
treatment site. Embolic matenal dislodged during the treatment procedure(s) is
collected in the embolic protection device 1. After treatment, the device 1 may
be retrieved 1nto a retrieval catheter 3. The. guidewire 99 may be left in place for

further catheter advancements or may be withdrawn with or subsequent to the

withdrawal of the retrieval catheter 3.

Referring in particular to Fig. 1 a pack 4 is provided to safely store and prepare
the embolic protection system for use. The pack 4 comprises a vacuum-formed
tray J, typically of PETG. The tray 5 has a channel 6 extending in a looped
configuration around the tray 5 for receiving the delivery catheter 2. The
delivery catheter 2 has a proximal end 11 and a distal end 12. A handle 14 is
provided at the proximal end 11, and the inner catheter 25 which extends
through the delivery catheter 2 has a luer 36 at the proximal end. The luer 36 1s
located in the tray 5 adjacent to the handle 14. The pod 13 1s provided at the
distal end 12 of the inner catheter 2. A loading device 7 in the form of a funnel
piece 1s mounted in the tray adjacent to and, in this case extending into the pod

13. The embolic protection device 1 1s mounted in its expanded configuration in
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a well 90 1n the tray 5 adjacent to and extending into the loading device 7. A
pushing device 8 for loading the collapsible embolic protection device 1 is
mounted 1n the tray 5 adjacent to the embolic protection device 1. A syringe 91
is also mounted in a recess 92 of the tray 5. The syringe 91 is used to flush the
system and, after flushing, the pushing device 8 is used to push the embolic
protection device 1 through the loading device 7 and into the pod 13 of the
delivery catheter 2 in the collapsed configuration. The delivery catheter 2 is now

ready for advancement over the guidewire 99.

Referring now to Figs. 2 to 8, the delivery catheter 2 is illustrated in more detail.
The delivery catheter 2 comprises a tubular body 10, typically of polyimide, or
nylon extending between a proximal end 11 and a distal end 12. At the distal
end 12 of the tubular body 10 a pod 13 is provided, the pod 13 having a smaller
wall thickness and in this case a larger internal diameter, as illustrated in Fig. 4,
to define a reception space for receiving the embolic protection device in a
collapsed configuration. The handl 14, illustrated in detail in Figs. S to 7, is
attached to the proximal end 11 of the tubular body 10, with a strain relief
member 15 extending from the handle 14 partially along the tubular body 10.
The handle 14 defines a central lumen 16 extending between a proximal opening
17 and a distal opening 18. A side port opening 19 1s provided in the handle 14,
the side port 19 being 1n communication with the central lumen 16 (Fig. 3). A
female luer 20, as 1llustrated 1n Fig. 8, 1s also provided, the luer 20 being fixedly
mounted in the side port 19. A double-start thread 1s provided at the free end of
the luer 20 for threadable attachment of, for example, a flushing syringe 91 to the

luer 20.

In this case the proximal stop is provided by an inner catheter 25. As illustrated
in Figs. 9 to 12, the inner catheter 25 comprises a tubular body extending

between a proximal end 26 and a distal end 27. The tubular body comprises an
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inner tubular stem 28 extending between the proximal end 26 and the distal end
27, and an outer tubular stem 29, typically of polyimide, extending from the
proximal end 26 only partially along the inner stem 28, as illustrated in Fig. 10.
The outer stem 29 terminates in a protruding O-ring shoulder 30. An annular
collar 31 is slidably mounted to the outer stem 29 proximally of the O-ring
shoulder 30 (Fig. 12). The female winged luer piece 36 1s attached to the
proximal end 26 of the stems 28, 29 by means of a flair connector 32. The

winged luer 36 defines a central lumen 33 extending between a proximal

opening 34 and a distal opening 3J.

As illustrated in Figs. 13 to 17, the inner catheter 25 1s configured for insertion
through the proximal opening 17 of the handle 14 and advancement through the
handle 14 and the tubular body 10 until the collar 31 engages the handle 14 (Fig.
15) 1n the region of the proximal opening 17. The collar 31 is fixedly attached
within the proximal opening 17 of the handle 14.

The mner catheter 25 1s shidable relative to the delivery catheter 2 between a
retracted position, as illustrated in Fig. 14, in which the distal end 27 of the inner
catheter 25 is proximal of the pod 13 defining the reception space in the delivery
catheter 2 (Fig. 16), and an extended position, in which the distal end 27 of the
inner catheter 25 extends distally of the pod 13 of the delivery catheter 2 (Fig.
17). Movement of the inner catheter 25 proximally relative to the delivery

catheter 2 1s limited by engagement of the O-ring shoulder 30 with the collar 31
(Figs. 14 and 15).

The pod 13 of the delivery catheter 2 and the inner stem 28 of the inner catheter
25 at least partially comprise a stiff core, for example of a metallic material, such
as stainless steel, encased in a more phable body, for example of a plastics

material such as polyimide. The cores comprise a mesh of longitudinally
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oriented strips of the stiff material and circumferentially oriented strips of the

stiff material.

Accurate delivery of a filter to 1ts intended location (a non-diseased vessel area)
is a particularly important concern in tortuous anatomy where there i1s a limited
area of non-diseased vessel. The accuracy of deployment is related to the build
up of potential stain energy in delivery catheter systems. This strain energy 1s
primarily a combination of strain energy produced in the outer and inner shaft
during the deployment action. The designs described below referring 1n

particular to Figs. 4A and 12A detail a novel solution to these problems.

During the deployment action the outer shaft or delivery catheter 2 1s subjected
to high levels of tensile strain. The design/construction of the outer shaft 2 is
such that the amount of strain energy that can be stored within the outer shaft is
minimised. Low flexural stiffness is also desirable in catheter design to ensure
good catheter flexibility, trackability and low insertion forces. These attributes
are achieved by incorporating high tensie elements 21 within the wall
construction of the outer shaft 2. These high tensile elements 2 can be high
tensile longitudinal steel wires as shown 1n the example below or they may be
flexible high tensile wires or fibers, carbon fibers and or kevlar fibers. These
fibers/wires are contained within the wall 22 of the catheter which may be a
polymeric material (detailed in Fig. 4A 1s a polyimide wall). These wires/ fibers
provide the outer shaft with high tensile modulus (minimal stretch)which results
in a shaft that can not store much strain energy. The inclusion of the above high
tensile elements 21 allows for a low profile outer shaft 2. This low wall thickness
outer catheter shaft therefore also has low flexural stiffness, good flexibility,
trackability and subsequently low insertion force. The inner surface 23 of the
lumen of this shaft 2 1s a low friction (PTFE) material to minimise the friction

strain energy incurred during the deployment action.
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During the deployment action the inner catheter shaft 25 i1s subjected to high
levels of compression strain. The design/construction of the inner shaft 25 is
such that the modulus of compression 1s high which reduces the amount of strain
energy that can be stored within the inner shaft 25. This is achieved by
incorporating elements 24 with high compression modulus. These elements are
contained within a material matrix 24A that further enhances the compression
modulus of the inner shaft 25. The inclusion of the above high compression
elements allows for a low profile outer shaft. The low wall thickness inner shaft
will therefore also have low flexural stiffness, good flexibility and trackability.
The example 1llustrated in Fig. 14A 1s a high compression modulus steel wire
braid 24 contained within a polymeric matrix 24A. The inner lumen of the shaft
25 1s made of a low friction (PTFE) material layer 24B. The outer surface of the
shaft 25 1s also provided with a low friction (FEP) maternal layer 24C. The
layers 24 B and 24C minimise the frictional strain energy incurred during
delivery and deployment. Due to the combination of the above inner and outer
shaft 2,25 the amount of strain energy that can be stored within the system
during use is very low. Due to the low strain energy build up within the system a

precise, controlled, low force deployment 1s achieved even in difficult vessel

paths.

In this case, the embolic protection device 1 comprises a collapsible filter
element 40 for delivery through a vascular system of a patient and deployment at

a desired location in the vascular system. Figs. 18 and 19 illustrate the filter

element 40 1n detail.

The filter element 40 comprises a collapsible filter body 41, a collapsible filter
support frame 42 contacting the filter body 41, and an inner elongate sleeve 43 to
which both the filter body 41 and the frame 42 are mounted. A proximal end 44
of the filter body 41 and a proximal end 45 of the frame 42 are both fixedly
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attached to a proximal end 46 of the sleeve 43, in this case by means of an
adhesive bond. A distal end 47 of the filter body 41 and a distal end 48 of the

frame 42 are free to slide over a distal end 49 of the sleeve 43.

The filter body 41 has a proximal inlet end and a distal outlet end. The inlet end
of the filter body 41 has one or more, in this case two, large inlet openings 50,
and the outlet end has a plurality of, in this case approximately three hundred,
small outlet openings 51 sized to allow through passage of blood but to retain

undesired embolic material within the filter body 41.

The filter support frame 42 1s movable between a collapsed position for
movement of the filter element 40 through a vascular system and an extended
outwardly projecting position to support the filter body 41 in an expanded
position. The frame 42 has a distal section 52, an intermediate section 53 for
urging the filter body 41 in the expanded position into apposition with a vascular
vessel wall, and a proximal section 54 extending proximally and radially

inwardly of the intermediate section 53 (Figs. 18 and 19).

At least part of the proximal section 54 of the frame 1s spaced distally of the inlet
openings 50 in the filter body 41 to accommodate inflow of embolic material
through the inlets 50 and into the expanded filter body 41. The filter body 41
comprises one or more, in this case two, linking webs 55 between adjacent inlets
50, and a part of the proximal section 54 of the frame extends radially inwardly
in alignment with the webs 55, as illustrated in Fig. 19, to avoid occluding the
inlets 50 to the filter body 41 when the filter body 41 1s in the expanded position.
In this manner the possibility of embolic material becoming caught or hung-up
on the proximal section 54 of the frame as the embolic material flows distally

through the inlet openings 50 1s minimised.
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The proximal section 54 of the frame comprises one or more frame elements, 1n
this case four. At least one frame element, in this case two, provides the part of
the proximal section 54 which is spaced distally of the inlets 50, and at least one
frame element, 1n this case two, provides the part of the proximal section 54

extending radially inwardly in alignment with the webs 55.

The proximal section of the frame runs generally parallel with a vessel wall and
then turns radially inwards. The proximal arm(s) of the frame have a section
that 1s displaced distally. The advantage of this displacement 1s that 1t creates an

inlet path which is offset and therefore larger.

The frame elements are preferably of a shape memory material, such as Nitinol,
or of a superelastic material, and may have a plating of gold or other dense
material around the Nitinol. The frame elements facilitate movement of the
frame 42 between the collapsed position and the extended outwardly projecting
position. The frame 42 is electropolished.

The sleeve 43 defines a lumen 56 extending therethrough for exchange of the
filter element 40 over the guidewire 99. The distal end 49 of the sleeve 43 1s
engageable with a stop such as a stop on the guidewire 99. This 1s particularly
useful for retrieval of the filter element 40 from a vascular system. The sleeve 43

is typically of polyimide.

The sleeve 43 acts as a barrier between the lumen 56 through which a guidewire
may be exchanged, and the internal annular volume of the filter body 41 within
which embolic material is retained. In particular, the proximal end 46 of the
sleeve 43 is proximal of the inlets 50, and the distal end 49 of the sleeve 43 1s
distal of the small outlets 51. This ensures that all blood flows into the filter
body 41 through the inlets 50, through the filter body 41 and out of the filter

body 41 through the small outlets 51 which are sized to retain undesired embolic
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material within the filter body 41. The sleeve 43 prevents escape of any embolic
material from the filter body 41 into the lumen 56, for example, during exchange
of medical devices over a guidewire received within the lumen 56, or during

retrieval of the filter element 40.

A guide olive 57 1s provided for atraumatic delivery of the filter element 40
through a vascular system, the guide olive 57 forms an extension of the distal
end 47 of the filter body 41 and tapering distally inwardly for a smooth transition
profile. In this case, the guide olive 57 is integral with the filter body 41 and is of
the material Pellethane. As illustrated in Figs. 18 and 19, the guide olive 57
extends distally of the distal end 49 of the sleeve 43.

In use, the region of a vasculature in which the filter element 40 is deployed is
substantially straight for a length at least equal to the longitudinal length of the
filter element 40 to ensure apposition of the filter body 41 with the vasculature
wall. By directly mounting the guide olive 57 at the distal end 47 of the filter
body 41, the overall longitudinal length of the filter element 40 1s reduced to
define a longitudinally compact filter element 40. Thus, the user has greater
freedom when choosing a site 1n a vasculature to deploy the filter element 40

because the length of the vasculature which 1s required to be straight 1s

correspondingly reduced.

As illustrated in Figs. 18 and 19, the distal end 48 of the frame 42 acts to
reinforce the proximal section of the guide olive 57 and prevents flaring of the

sleeve 43. The guide olive 57 has a soft distal tip 58..

Two gold marker bands 59, 60 are provided mounted to the sleeve 43. One
marker band 59 is fixedly attached to the olive 51 and one marker band 60 1s
fixedly attached to the proximal end 45 of the frame 42. The marker bands 59,
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60 assist in visualisation of the filter element 40 during an interventional

procedure.

A transition element 61 1s fixedly mounted to the proximal end 46 of the sleeve
43, 1n this case by means of an adhesive bond. The transition element 61 1is sized

to fit made the lumen of the delivery catheter 2 to provide a smooth stiffness

transition and prevent kinking.

Referring now to Figs. 20 and 21, the pushing device 8 for loading the collapsible
filter element 40 into the pod 13 of the delivery catheter 2 is illustrated. The
pushing device 8 comprises a handle 70 for gripping the pushing device 8 and an

elongate stem 1n this case provided by a wire 71, extending from the handle 70

~ for threading through the lumen 56 of the filter element 40. The wire 71 defines

a distal stop 72 for releasably engaging with the distal end 49 of the sleeve 43 of
the filter element 40 to push the filter element 40 into the pod 13 of the delivery
catheter 2.

As illustrated in Fig. 21 the distal stop 72 is provided by an end 74 of an outer
hypotube 73 which extends from the handle 70 partially along the wire 71. The

free end 74 of the hypotube 73 forms a step from the small diameter wire 71

proximal of the step to the larger diameter hypotube 73 distal of the step. The
small diameter 1s preferably approximately 0.014” (0.3556mm), and the large
diameter 1s preferably approximately 0.018” (0.4572mm). The hypotube 73 may
be attached to the wire 71 by any suitable means, such as an adhesive means, or
a mechanical keying means, or by brazing, or soldering, or welding, or by any

other suitable means.

The wire 71 may have a low friction coating, for example of

polytetrafluoroethylene, for ease of threading of the wire 71 through the filter
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element 40. The handle 70 facilitates ease of gripping and of use of the pushing

device 8.

It will be appreciated that the distal stop 72 may be provided integral with the

wire 71, for example by machining a step in the wire 71.

It will further be appreciated that the large diameter portion distal of the step
may be only a locally defined feature on the wire 71 that does not extend distally
to the handle 70.

The loading device 7 1s illustrated in detail in Figs. 22 and 23. The loading
device 7 defines a funnel having an inlet end 80 and an outlet end 81, the inlet
end 80 defining a larger cross-sectional area than the outlet end 81, and the
outlet end 81 being configured for co-operative alignment with the reception

space of the delivery catheter 2.

The loading device 7 has means for radially compressing the filter element 40
from the extended outwardly projecting position to the collapsed position. In
this case, the loading device 7 comprises a main support 82 having a funnel-
shaped bore formed from a frusto-conical filter element receiving portion
terminating in a cylindrical portion formed by a thin walled loading tube 83
projecting from the main support 82 for positioning within the reception space of

the delivery catheter 2.

The cone angle of the bore 1s chosen from an angle 1n the range of between 15°

and 65°, preferably between 35° and 45°.

The loading tube 83 1s preferably formed from polyethyleneterephthalate (PET),
and 1s mounted on a metal spigot 84, typically a grit blasted hypotube, by a

combination of a polyolefin shrink tube bond and an adhesive bond. The metal
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spigot 84 1s adhesively fixed to the main support 82 which is formed from

“Perspex” or a similar material. The loading tube 83 may be coated with a

lubricant.

Referring to Fig. 23A there 1s illustrated an alternative loading device 85 in
which an outer support 86 1s provided around the pod 13 of the delivery catheter
2. A smooth transition is provided by a funnel section 87 and the distal end of
the pod 13. The area between the outer support 86 and the pod 13 may be a

wetted annular space for ease of mounting and demounting.

Referring to Figs. 1 and 24 to 29, the tray S will now be described in more detail.
The tray includes integral projections 9 that extend into various recesses. The
projections 9 releasably support the loading device 7 in co-operative alignment
with the delivery catheter 2 before loading and during the loading procedure. In
particular, the loading device 7 1s supported with the loading tube 83 extending
proximally into the reception space of the delivery catheter 2 before loading and
during the loading procedure. In addition, the projections 9 on the channel wall
are configured to releasably support the pushing device 8 1n a position in which

the distal stop 72 does not engage the filter element 40 before the loading

procedure commences.

The projections 9 are also configured to releasably support the luer 20 of the
delivery catheter 2 in the horizontal position illustrated in Figs. 1 and 24. In this
position 1t 1s not possible to slide the delivery catheter 2 proximally in the

channel 6, or, in the configuration illustrated, to flush the delivery catheter 2
through the luer 20.

A liquid retaining bath 90 1s provided by recesses in the tray 5, the bath 90
having a depth sufficient to accommodate in a totally submerged state the

reception space of the delivery catheter 2 and the filter element 40 for submerged
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loading of the filter element 40 through the loading device 7 and into the pod 13
of the delivery catheter 2. As illustrated in Fig. 1, the channel 6 communicates
with the bath 90, and a ramp 1s provided at an end of the channel 6
communicating with the bath 90 to ‘ direct the reception space downwards
towards the bottom of the bath 90 but supporting the pod 13 of the delivery
catheter 2 above the bottom of the bath 90 by means of a step.

The syringe 91 1s provided for flushing the delivery catheter 2, the inner catheter
235, the loading device 7 and the filter element 40. The recess 92 1s provided in

the tray S for snap retention of the syringe 91 before use.

The components of the embolic protection system are placed in the pack 4 in the
following manner. The loading device 7 1s snapped into place in the channel 6,
with the projections 9 releasably supporting the loading device 7 in the position
illustrated in Fig. 1.

The mner catheter 25 1s inserted through the proximal opening 17 of the handle
14, and advanced through the handle 14 and the tubular body 10 until the collar
31 engages the proximal opening 17 of the handle 14. The collar 31 1s fixedly
attached within the proximal opening 17 of the handle 14 by pushing the collar
31 home to create an interference fit between the collar 31 and the proximal
opening walls. This catheter assembly 1s then looped through the channel 6 and
held in place so that the loading tube 83 of the loading device 7 extends
proximally into the pod 13 of the delivery catheter 2.

The wire 71 of the pushing device 8 1s then threaded through the filter element
40, a proximal end of the wire 71 is inserted through the loading device 7 and
extended partially through the inner catheter 25. The handle 70 is snapped into
place 1n the channel 6 by the projections 9. In this configuration the filter

element 40 is slidable over the wire 71 but is normally positioned within the bath
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90, as illustrated in Fig. 1. The projections 9 retain the pushing device 8 in a
position in which the distal stop 72 1s spaced distally of the bath 90, and so the

distal stop 72 does <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>