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(57) Abstract: A stent placement assembly is disclosed. In disclosed example, the stent placement assembly comprises a stent place -
ment assembly, comprising: a holding catheter comprising a longitudinal lumen for receiving a stent, and an output orifice at a distal
end;a stopper member positioned within said lumen and moveable longitudinally relative thereto, the stopper member being con-
figured to engage with the stent in order to restrict movement of the stent in a proximal direction;a first anchor member coupled to
the holding catheter at a proximal end thereof;a second anchor member coupled to the stopper member at a proximal end thereof;
and a displacement device comprising a first engagement member and a second engagement member, the first and second engage -
ment members being configured to engage respectively with the first and second anchor members in such a way that displacement of
the first engagement member relative to the second engagement member causes a corresponding displacement between the first and
second anchor members, wherein: the displacement device further comprises: a handle rigidly connected to one of the first and
second engagement members and a user actuatable displacement mechanism configured to be actuatable by a user while gripping the
handle, the actuation being such as to cause displacement of the other one of the first and second engagement members relative to
the handle thereby causing the holding catheter to withdraw in a proximal direction relative to the stopper member and thereby re-
lease the stent through the output orifice.
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STENT PLACEMENT DEVICE

The invention relates to a stent placement device that is configured to facilitate precise deployment
of a stent into a human or animal body.

Medical endoprostheses, commonly referred to as stents, have been widely used for minimum-
invasive treatment of diseased blood vessels. Stents may be used to keep a blood vessel open, for example, or
may redirect flow away from an aneurysm.

Self-expanding stents may be mechanically compressed springs which expand when released. Such
stents may be constructed from shape-memory materials such as Nitinol. Stents used in the vascular system
may be implanted transluminally during or following percutancous transluminal angioplasty. The stents may
be inserted into the vessel, positioned across the treatment area and then allowed to self-expand.

A known catheter assembly for delivering a self-expanding stent consists of an outer holding catheter
in which the stent is loaded at a tip. The holding catheter may be provided to prevent premature expansion at
body temperatures for heat induced shape memory stents or to contain mechanically restrained or stress
induced shape memory stents. An inner stopper may be placed coaxially with the stent in the outer holding
catheter to prevent the stent from moving in the proximal direction (longitudinally towards the operator of
the stent) when deployed. Upon deployment, the inner stopper is held steady (for example via a connecting
wire) and the holding catheter is pulled back to unsheath the stent. This procedure requires a surgeon to
operate double handedly, and it is challenging to synchronize the movement of both hands to achieve a
precise placement of a stent. A high level of skill and experience is needed for this operation.

US 6,786,918 BI discloses a stent placement device in which a handle is provided with a slot and a
knob that can move longitudinally within the slot. The knob is coupled to an outer holding catheter such that
movement of the knob imparts movement to the outer holding catheter. The device allows a surgeon to
deploy a stent one handedly. However, the arrangement is complex and requires extensive adaptation of the
outer holding catheter and inner stopper relative to standard arrangements that are configured for two handed
operation.

An object of the present invention is to provide a stent placement device which can be operated
more casily, for example with less need for skill and/or experience, which allows more precise and reliable
placement of the stent, and/or which can be applied to existing stent placement apparatuses within minimal
adaptation.

According to an aspect of the invention, there is provided a stent placement assembly, comprising: a
holding catheter comprising a longitudinal lumen for receiving a stent, and an output orifice at a distal end; a
stopper member positioned within said lumen and moveable longitudinally relative thereto, the stopper
member being configured to engage with the stent in order to restrict movement of the stent in a proximal

direction; a first anchor member coupled to the holding catheter at a proximal end thereof; a second anchor
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member coupled to the stopper member at a proximal end thereof, and a displacement device comprising a
first engagement member and a second engagement member, the first and second engagement members
being configured to engage respectively with the first and second anchor members in such a way that
displacement of the first engagement member relative to the second engagement member causes a
corresponding displacement between the first and second anchor members, wherein: the displacement device
further comprises: a handle rigidly connected to one of the first and second engagement members and a user
actuatable displacement mechanism configured to be actuatable by a user while gripping the handle, the
actuation being such as to cause displacement of the other one of the first and second engagement members
relative to the handle thereby causing the holding catheter to withdraw in a proximal direction relative to the
stopper member and thereby release the stent through the output orifice.

Thus, an arrangement is provided which facilitates accurate and reliable placement of a stent by a
surgeon. In comparison with prior art devices which require two handed operation by a surgeon, the present
invention is an improvement because it can be operated using a single hand. In comparison with prior art
which allows for single handed operation, the present invention provides a mechanically simpler solution and
one which can be easily disengaged from the catheter assembly. Furthermore, minimal adaptation is needed
to established catheter assemblies for stent deployment.

In an embodiment, the displacement device is configured to allow the engagement with the catheter
assembly to be detachable. This facilitates use of the stent placement assembly by a surgeon because it is not
necessary to have the displacement device present when it is not needed.

In an embodiment, a movement transducer is provided for transforming movement of an actuator
member imparted by a user into a movement of the first or second engagement member. The movement
transducer may optionally be such as to cause the movement of the actuator member to be different from the
corresponding movement of the first and second engagement members. This can improve flexibility of the
device and makes it easier for the surgeon to deploy the stent precisely and/or quickly, according to the
application in question. The movement transducer may also improve the ergonomic qualities of the stent
placement assembly by obviating the need for the movement of the actuator member to be parallel with the
axis of the catheter assembly and/or of the same magnitude as the desired movement between the holding
catheter and the stopper member.

According to an aspect of the invention, there is provided a kit for facilitating operation of a catheter
assembly for deploying a stent that comprises a holding catheter comprising a longitudinal lumen for
receiving the stent, the holding catheter having an output orifice at a distal end, and a stopper member
positioned within said lumen and movable longitudinally relative thereto, the stopper member being
configured to engage with the stent in order to restrict movement of the stent in a proximal direction, wherein
the kit comprises: a first anchor member couplable to the holding catheter at a proximal end thereof: a

second anchor member couplable to the stopper member at a proximal end thereof: and a displacement
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device comprising a first engagement member and a second engagement member, the first and second
engagement members being configured to engage respectively with the first and second anchor members,
when coupled to the holding catheter and the stopper member, in such a way that displacement of the first
engagement member relative to the second engagement member causes a corresponding displacement
between the first and second anchor members, wherein: the displacement assembly further comprises: a
handle rigidly connected to one of the first and second engagement member and a user actuatable
displacement mechanism configured to be actuatable by a user while gripping the handle, the actuation being
such as to cause displacement of the other one of the first and second engagement members relative to the
handle thereby causing the holding catheter to withdraw in a proximal direction relative to the stopper
member and thereby release the stent through the output orifice.

According to an aspect of the invention, there is provided a displacement device for facilitating
operation of a catheter assembly for deploying a stent, the catheter assembly comprising a holding catheter
comprising a longitudinal lumen for receiving the stent, the holding catheter having an output orifice at a
distal end, and a stopper member positioned within said lumen and moveable longitudinally relative thereto,
the stopper member being configured to engage with the stent in order to restrict movement of the stent in a
proximal direction, a first anchor member coupled to the holding catheter at a proximal end thereof, and a
second anchor member coupled to the stopper member at a proximal end thereof, wherein the displacement
device comprises: a first engagement member and a second engagement member, the first and second
engagement members being configured to engage respectively with the first and second anchor members in
such a way that displacement of the first engagement member relative to the second engagement member
causes a corresponding displacement between the first and second anchor members; and a handle rigidly
connected to one of the first and second engagement members and a user actuatable displacement
mechanism configured to be actuatable by a user while gripping the handle, the actuation being such as to
cause displacement of the other one of the first and second engagement members relative to the handle
thereby causing the holding catheter to withdraw in a proximal direction relative to the stopper member and
thereby release the stent through the output orifice.

Embodiments of the invention will now be described, by way of example only, with reference to the
accompanying drawings in which corresponding reference symbols indicate corresponding parts, and in
which:

Figure 1 depicts a catheter assembly for deploying a stent;

Figure 2 depicts a stent placement assembly in which a displacement device comprises an actuator
member and a movement transducer;

Figure 3 depicts a stent placement assembly in which the displacement device comprises a threaded
bar assembly.

Figure 1 is schematic sectional side view of a catheter assembly 1 for deploying a stent 6 within a
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human or animal body. In an embodiment, the stent 6 has a substantially cylindrical form. In an
embodiment, the stent 6 is a self-expanding stent. In an embodiment of this type, the stent may be housed
within the catheter assembly 1 in a radially constrained state and expands into a radially extended state when
unsheathed or released from the catheter assembly 1. In an embodiment, the stent 6 is a flow diverter stent.
In other embodiments, the stent may be configured to perform other functions, such as keeping a blood
vessel open.

In the example shown in Figure 1, the catheter assembly 1 comprises a holding catheter 2. The
holding catheter 2 comprises a longitudinal lumen 3 that is configured to receive a stent 6. In an
embodiment, the stent 6 is a self-expanding stent and is constrained radially by an inner surface of the lumen
3. The catheter assembly 1 further comprises a stopper member 4 which is positioned within the lumen 3
and movable longitudinally relative thereto. The stopper member 4 is configured to engage with the stent 6
in order to restrict movement of the stent 6 in a proximal direction. In the orientation of the figure, the
proximal direction is to the right. The proximal direction refers more generally to the direction leading to the
exterior of the patient along the axis of the catheter assembly 1. The proximal end of the catheter assembly 1
corresponds to an end which is usually outside of the patient’s body. In the example shown, the stopper
member 4 engages with the stent 6 via shoulders 5. However, this geometry is only exemplary and other
geometries may be used to achieve the desired purpose of preventing proximal movement of the stent 6.

The holding catheter 2 comprises an output orifice 7 at a distal end thereof. Movement of the
holding catheter 2 in a proximal direction relative to the stopper member 4 will lead to the stent 6 being
driven out of the output orifice 7. When the stent 6 has completely left the output orifice 7 the stent 6 may
extend radially into its final state and thereby be deployed within the location of interest within the body.
The catheter assembly 1 may at this point be removed from the body.

The relative movement between the holding catheter 2 and the stopper member 4 may be achieved
by a surgeon manipulating first and second anchor members 10 and 12. The first anchor member 10 is
coupled (e.g. rigidly, relative to the longitudinal axis) to the holding catheter 2 at a proximal end of the
holding catheter 2 (outside of the body). The second anchor member 12 is coupled (e.g. rigidly, relative to
the longitudinal axis) to the stopper member 4 at a proximal end of the stopper member 4 (outside of the
body).

In order to facilitate manipulation of the first and second anchor members 10 and 12, and particularly
to allow manipulation to be carried out reliably and/or with a single hand, a displacement device 18 is
provided.

Figure 2 is a schematic perspective view of an example displacement device 18. In this embodiment,
the displacement device 18 comprises a first engagement member 14 and a second engagement member 16.
The first and second engagement members 16 and 18 are configured to engage respectively with the first and

second anchor members 10 and 12. In the example shown, the first engagement member 14 is configured to
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engage with the first anchor number 10 and the second engagement member 16 is configured to engage with
the second anchor member 12. The engagement between the engagement members and the anchor members
is such that displacement of the first engagement member 14 relative to the second engagement member 16
causes a corresponding displacement between the first and second anchor members 10 and 12. This may be
achieved, for example, by arranging for the engagement to be such that there is no relative movement
between the engagement member and its corresponding anchor member, at least in a longitudinal direction,
when they are engaged with each other. In the example shown, it can be seen that this functionality is
achieved by arranging for a region 25 distal of the first anchor member 10 to be inserted into a slot 21 in the
first engagement member 14. In this state, a proximally facing edge 15 engages against a distal facing edge
17 of the first anchor member 10. Similarly, a region 27 proximal to the second anchor member 12 may be
inserted into slot 23 of the second engagement member 16 and proximal facing edge 19 may engage against
distal facing edge 29 of the second engagement member 16. In this way, when the displacement device
causes movement of the first engagement member 14 towards the second engagement member 16, the fixed
spatial relationship between the first anchor member 10 and the first engagement member 14 and between
the second anchor member 12 and the second engagement member 16 ensures that a corresponding relative
movement is transmitted to the holding catheter 2 relative to the stopper member 4.

In the embodiment shown, the displacement device 18 comprises a handle 26 (by which a user may
grip the device) that is rigidly connected to the second engagement member 16. In other embodiments, the
handle 26 may be rigidly connected to the first engagement member 14 instead of the second engagement
member 16. The displacement device 18 further comprises a user actuatable displacement mechanism that is
configured to be actuatable by a user while gripping the handle 26. The actuation causes displacement of the
engagement member that is not rigidly connected to the handle relative to the handle. In the example shown,
it is the first engagement member 14 which moves relative to the handle 26. The relative movement
imparted to the first and second engagement members 14 and 16 causes a corresponding relative movement
between the holding catheter 2 and the stopper member 4 and allows the holding member to be withdrawn in
a proximal direction. This movement causes the stent 6 to be released through the output orifice 7.

In an embodiment, the engagement between the first and second engagement members 14 and 16
and the corresponding anchor members 10 and 12 is a detachable engagement. In the example shown, this is
achieved by means of the slots 21 and 23 in the first and second engagement members 14 and 16, which
allow the engagement members to be engaged or disengaged by moving them in the direction of the slots.
Thus, the displacement device 18 may be kept separate to the catheter assembly 1 during use of the catheter
assembly 1 which does not require the displacement device to be present. When it is necessary to deploy the
stent out of the catheter assembly 1, the displacement device 18 may be brought into engagement. This
arrangement therefore provides maximal flexibility and convenience for the surgeon.

In the example of Figure 2, the user actuatable displacement mechanism comprises an actuator
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member 20 and a movement transducer for transforming movement of the actuator member 20 (imparted by
the user, for example by squeezing the handle 26 and actuator member 20 between a palm and fingers) into a
movement of the first or second engagement member (whichever happens not to be fixedly connected to the
handle 26). The use of a movement transducer makes it possible for the action of the surgeon to be made
maximally convenient for the surgeon and not be limited according to the actual movement required between
the holding catheter 2 and the stopper member 4. The user actuatable displacement mechanism may be such
that the imparted movement of the first or second engagement member follows a path that is different in
shape and/or direction to the path followed by the actuator member 20. For example, the path of the actuator
member may be curved (which may be convenient for the surgeon) while the path of the first or second
engagement member may be linear (corresponding to the desired motion at the distal end of the catheter
assembly 1).

In an embodiment, the user actuatable displacement mechanism is configured such that the length of
the imparted movement of the first or second engagement members is different to the length of the
corresponding path followed by the actuator member. For example, where it is desirable to achieve highly
precise motion at the distal end of the catheter assembly 1 the user actuatable displacement mechanism may
be configured such that the length of the path imparted to the first or second engagement member is
significantly shorter than the corresponding path followed by the actuator member 26. Conversely, where it
is desired to achieve rapid deployment of the stent 6 from the catheter assembly 1, the user actuatable
displacement mechanism may be configured such that the length of the path of the first or second
engagement member is equal to or longer than the path followed by the actuator member 26.

In the particular example of Figure 2, the first engagement member 14 is rigidly attached to a
connecting bar 24 which is slide ably mounted within a housing formed by a rigid connection between the
second engagement member 16 and the handle 26. A ratchet mechanism may be provided for transforming
motion of the actuator member 20 relative to the handle 26 into a corresponding linear movement of the
connecting bar 24. A spring element 22 may be provided for facilitating return of the actuator member 20
after actuation of the actuator member 20. Multiple actuations of the actuator member 20 may be applied in
order to achieve a given linear displacement between the first and second engagement members 14 and 16.
This arrangement represents just one (particularly convenient) way of implementing the desired functionality
of the displacement device. However, it is envisaged that a wide variety of other mechanisms may be
employed.

Figure 3 depicts an alternative configuration for the displacement device 18. In this embodiment, the
displacement device 18 comprises a threaded bar 28 mounted rotatably in a frame 26 that is an integral part
of or is rigidly attached to a handle 26. One of the first and second anchor members 14 and 16 comprises a
threaded orifice 25 (the first engagement member 14 in this example). The threaded bar 28 extends through
the orifice 25 and an outer thread of the threaded bar 28 engages with an inner thread of the threaded orifice
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25. The anchor member 14 having the threaded orifice 25 is mounted so as to be movable parallel to an axis
of rotation of the threaded bar 28 but is constrained so as not to be rotatable about the axis of rotation of the
threaded bar 28. In the particular embodiment shown, rotation about the axis of rotation of the threaded bar
28 is prevented by means of stability bars 30 and 32 which are rigidly connected to the frame 26 and are
slidably engaged through openings 31 in the first anchor member 14. In this way, rotation of the threaded
bar 28 causes linear motion of the first engagement member 14 relative to the second engagement member
16. A gripping device 34 may be provided to allow a user to impart rotation to the threaded bar 28. The
pitch of the threads on the threaded bar 28 and/or the radial size of the gripping device 34 may be varied
according to the desired sensitivity that is required for the operator. For example, when high precision is
required, a relatively fine thread and/or a radially large gripping device 34 may be provided. Conversely,
when it is desired to impart quicker motion to the first and second engagement members, a coarser thread
and/or smaller gripping device 34 may be provided.

In an embodiment, a kit is provided for use in conjunction with a catheter assembly 1, for example of
the type illustrated in Figure 1. The kit may comprise first and second anchor members which are couplable
to proximal ends of the holding catheter and stopper member. In an embodiment of this type, the holding
catheter and stopper members may not themselves comprise anchor members. Alternatively or additionally,
the catheter assembly 1 may comprise elements which act as anchor members but the kit may provide
additional anchor members which improve the connection between the catheter assembly 1 and the
displacement device 18. The additional anchor members may comprise washers or similar, for example,
which may be mounted onto appropriate parts of the catheter assembly. In an embodiment, the kit further

comprises the displacement device itself.
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CLAIMS

1. A stent placement assembly, comprising:

a holding catheter comprising a longitudinal lumen for receiving a stent, and an output orifice at a
distal end;

a stopper member positioned within said lumen and moveable longitudinally relative thereto, the
stopper member being configured to engage with the stent in order to restrict movement of the stent in a
proximal direction;

a first anchor member coupled to the holding catheter at a proximal end thereof;

a second anchor member coupled to the stopper member at a proximal end thereof; and

a displacement device comprising a first engagement member and a second engagement member, the
first and second engagement members being configured to engage respectively with the first and second
anchor members in such a way that displacement of the first engagement member relative to the second
engagement member causes a corresponding displacement between the first and second anchor members,
wherein:

the displacement device further comprises:

a handle rigidly connected to one of the first and second engagement members and a user actuatable
displacement mechanism configured to be actuatable by a user while gripping the handle, the actuation being
such as to cause displacement of the other one of the first and second engagement members relative to the
handle thereby causing the holding catheter to withdraw in a proximal direction relative to the stopper

member and thereby release the stent through the output orifice.

2. An assembly according to claim 1, wherein the first and second engagement members are configured

to engage detachably with the first and second anchor members.

3. An assembly according to claim 1 or 2, wherein
the user actuatable displacement mechanism comprises an actuator member and a movement
transducer for transforming movement of the actuator member imparted by the user into the displacement of

the first or second engagement member relative to the handle.

4, An assembly according to claim 3, wherein the displacement of the first or second engagement

member follows a path that is different in shape or direction to the path followed by the actuator member.

5. An assembly according to claim 3 or 4, wherein the displacement of the first or second engagement

member follows a path that is of a different length to the path followed by the actuator member.
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6. An assembly according to any of the preceding claims, wherein:

the displacement device comprises a threaded bar mounted rotatably in a frame that is an integral
part of or is rigidly attached to the handle;

ong of the first and second anchor members comprises a threaded orifice through which the threaded
bar extends, an outer thread of the threaded bar engaging with an inner thread of the threaded orifice;

the anchor member having the threaded orifice is mounted so as to be movable parallel to the axis of
rotation of the threaded bar but not rotatable about the axis of rotation of the threaded bar;

the user actuatable displacement mechanism comprises a gripping device to allow the user to rotate
the threaded bar and thereby cause linear movement of the anchor member having the threaded orifice

relative to the other anchor member.

7. A kit for facilitating operation of a catheter assembly for deploying a stent that comprises a holding
catheter comprising a longitudinal lumen for receiving the stent, the holding catheter having an output orifice
at a distal end, and a stopper member positioned within said lumen and movable longitudinally relative
thereto, the stopper member being configured to engage with the stent in order to restrict movement of the
stent in a proximal direction, wherein the kit comprises:

a first anchor member couplable to the holding catheter at a proximal end thereof:

a second anchor member couplable to the stopper member at a proximal end thercof: and

a displacement device comprising a first engagement member and a second engagement member,
the first and second engagement members being configured to engage respectively with the first and second
anchor members, when coupled to the holding catheter and the stopper member, in such a way that
displacement of the first engagement member relative to the second engagement member causes a
corresponding displacement between the first and second anchor members, wherein:

the displacement assembly further comprises:

a handle rigidly connected to one of the first and second engagement member and a user actuatable
displacement mechanism configured to be actuatable by a user while gripping the handle, the actuation being
such as to cause displacement of the other one of the first and second engagement members relative to the
handle thereby causing the holding catheter to withdraw in a proximal direction relative to the stopper

member and thereby release the stent through the output orifice.

8. A displacement device for facilitating operation of a catheter assembly for deploying a stent, the
catheter assembly comprising a holding catheter comprising a longitudinal lumen for receiving the stent, the
holding catheter having an output orifice at a distal end, and a stopper member positioned within said lumen

and moveable longitudinally relative thereto, the stopper member being configured to engage with the stent
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in order to restrict movement of the stent in a proximal direction, a first anchor member coupled to the
holding catheter at a proximal end thereof, and a second anchor member coupled to the stopper member at a
proximal end thereof, wherein the displacement device comprises:

a first engagement member and a second engagement member, the first and second engagement
members being configured to engage respectively with the first and second anchor members in such a way
that displacement of the first engagement member relative to the second engagement member causes a
corresponding displacement between the first and second anchor members; and

a handle rigidly connected to one of the first and second engagement members and a user actuatable
displacement mechanism configured to be actuatable by a user while gripping the handle, the actuation being
such as to cause displacement of the other one of the first and second engagement members relative to the
handle thereby causing the holding catheter to withdraw in a proximal direction relative to the stopper

member and thereby release the stent through the output orifice.

9. A stent placement assembly, a kit, or a displacement device constructed and/or arranged to operate

substantially as hereinbefore described with reference to and/or as illustrated in the accompanying figures.

10
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

Claim 9 seeks to claim its their subject-matter with respect to other parts of
the application, contrary to the requirements of Rule 6.2(a) PCT. As this
claim does not contain any technical features, it is excluded from search in
accordance with Article 17(2)(a)(ii) PCT.

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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