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DEVICE FOR SECURING A PROSTHESIS TO THE INTERNAL WALL OF A BODY
LUMEN

The present invention relates to a device for a tubular prosthesis, and in particular
to a device to secure a tubular prosthesis to the internal wall of a body lumen into

which it is placed.

Artificial prostheses consisting of a tubular conduit having an open lumen are well-
known and are used in medicine to replace diseased or damaged natural body
lumens, such as, for example, blood vessels or other hollow organs for example bile
ducts, sections of intestine or the like. The most common use of such artificial

prostheses is to replace diseased or damaged blood vessels.

A number of vascular disorders can be treated by use of an artificial prosthesis. One
relatively common vascular disorder is an aneurysm. Aneurysm occurs when a
section of natural blood vessel wall, typically of the aortic artery, dilates and
balloons outwardly. Whilst small aneurysms cause little or no symptoms, larger
aneurysms pose significant danger to a patient. Rupture of an aortic aneurysm can
occur without warning and is usually fatal, so significant emphasis is placed on early
diagnosis and treatment. With an increasingly ageing population, the incidence of

aneurysm continues to rise in western societies.

Provided that an aneurysm is diagnosed prior to rupture, surgical treatment to
repair the affected vessel wall is effective. Surgical treatment of aneurysm involves
the replacement or reinforcement of the aneurismal section of aorta with a synthetic
graft or prosthesis under general anaesthesia allowing the patient’s abdomen or
thorax to be opened (see Parodi et al.,, Annals of Vascular Surgery (1991) 5:491-

499). The patient will then have a normal life expectancy.

Surgical repair of aneurysm is however a major and invasive undertaking and there
has been much effort in developing less invasive methods. Currently, aneurysm

repair generally involves the delivery by catheter of a fabric or ePTFE graft which is
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retained at the required location by deployment of metallic devices (stents). The
ability to deliver the stent-graft device by catheter reduces the surgical intervention
to a small cut-down to expose the femoral artery and, in suitable circumstances, the
device can be deployed percutaneously. Catheter delivery is beneficial since the
reduced invasive nature of the procedure allows utilisation of a local anaesthesic
and leads to reduced mortality and morbidity, as well as decreased recovery time.
For example, endovascular repair is typically used for repair of infra-renal
abdominal aortic aneurysms where the graft is placed below the renal arteries.
Many different types of devices useful for endovascular repair are now available, for
example a resiliently engaging endovascular element described in US 6,635,080
(Vascutek) or a tubular fabric liner having a radially expandable supporting frame
and a radiopaque marker element stitched to the liner as disclosed in US 6,203,568

(Medtronic).

However, whilst the endovascular repair of aneurysms is now accepted as the
method of choice, the technique has significant limitations and is not suitable for all

patients.

Endovascular techniques involve the delivery of the prosthesis by catheter. Since
the internal lumen of the catheter defines the maximum dimensions of the
prosthesis to be inserted, much effort has been expended in the design of prostheses
which can be packaged in a minimal volume, and are easy to deploy once positioned

at the required location.

One successful type of prosthesis consists of a stent graft comprising a conduit
formed of a flexible sleeve attached to a rigid support or stent. The sleeve will
typically be made of a fabric (usually a knitted or woven fabric) of ePTFE, PTFE,
polyester (for example DACRON), polyethylene or polypropylene and may
optionally be coated to reduce friction; discourage clotting or to deliver a
pharmaceutical agent. The fabric will generally be porous on at least one surface to
enable cell ingrowth. The stent may be balloon-expandable (eg. a PALMAZ stent

made of rigid stainless steel wire), but could also be self-expandable and formed of a
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shape memory material, such as nitinol (a nickel-titanium alloy). Numerous
different stent designs are known in the art (see for example braided stents

described in EP 880949 or wire zig-zag stents described in US 4580568).

The stent grafts are inserted using a delivery catheter and, once correctly located at
the site requiring treatment, are deployed by the withdrawal of a delivery sheath of
the delivery catheter. Balloon-expandable grafts are then caused to expand in
diameter by inflation of a balloon located within the lumen of the graft. Self-
expandable grafts radially expand upon release from the delivery sheath.
Irrespective of the mode of expansion, once deployed, the stents hold the graft in

location by contact with the inner wall of the blood vessel.

Since the stent will need to be compressed for loading into the catheter and during
delivery, in general terms, the stent is formed from the minimum amount of

material able to maintain the patency of the sleeve lumen at the required diameter.

However, it is often difficult for the surgeon to ensure that the stent graft is
incorporated securely and held firmly in place in the lumen of the vessel within
which it has been placed, since movement of the vessel and the pressure of blood
flow may cause movement or migration of the stent graft in the direction of blood
flow. This can be particularly problematic when the graft is used within major
vessels such as the aorta and aortic arch, since blood flow in this region is at high

pressure can exert high forces on an implanted graft.

Migration of stent grafts with a blood vessel is known to lead to numerous problems

for the patient and increases the potential for stent graft failure.

There exists the need for safe and efficient means to secure a prosthesis, such as a
vascular graft, particularly a stent graft, to the internal surface of the body lumen
into which the prosthesis is located. The securement means must not, however,

compromise packaging of the graft for endovascular delivery and must also avoid
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premature engagement (to the delivery sheath or body lumen) prior to correct

placement of the graft.

The present invention provides a device for securing a prosthesis to the internal
wall of a body lumen, such as a blood vessel. In particular the device of the present

invention is suitable for endovascular delivery attached to the prosthesis.

In one aspect, the present invention provides a device comprising two elongate
elements, each elongate element comprising a central portion with at least one arm
extending at an angle therefrom, wherein the central portions abut, that is the
central portions lie side-by-side and are longitudinally aligned. Optionally, the
central portions are joined together at a joint. Optionally the central portions are
joined by a joining element which holds the central portions together. In one
embodiment, the joining element can act as a hinge such that the elongate elements
are rotatable about the hinge. A suitable material for the joining element is
tantalum since this has a high degree of corrosion resistance. Alternatively the
central portions can be joined by thread, (ie. can be sewn together or joined by
winding thread around the central portion and fastening the thread end), with the
thread holding the two elongate elements in abutment together at the central
portion. Optionally the thread sews the elongate elements onto a fabric graft. The
thread can act as a hinge. Suitable biocompatible thread is known in the art.
Materials that can be used as non-absorbable sutures are appropriate. Suitable
materials include silk, nylon, polyester, polypropylene or polyethylene, for example
ultra high molecular weight polyethylene. The thread could be in braided form. A
further alternative is that the central portions are formed integrally from a single
piece of material, for example by laser etching from a single piece of material.

Alternatively, the central portions can be joined by laser welding.

The arm of each elongate element preferably extends outwardly from the central

portion.
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The terminal end of each arm (i.e. distal to the central portion) can be shaped for
engagement with the inner surface of a body lumen. Thus the terminal end of the
arm could be pointed, hooked, barbed or be in any other suitable configuration to

engage with the inner surface of a body lumen.

The elongate elements can have a kink or curve prior to the terminal ends.

The elongate elements of the device are each independently resiliently deformable
such that the angle formed between arms of the elongate elements can be reduced
for packaging and/or for delivery of the prosthesis, but can be increased following
deployment of the prosthesis on its release from the delivery sheath of the catheter.
Increasing the angle between the arms causes the terminal ends to be spaced more
widely from each other. Spacing the terminal ends from each other means that the
device is attached to the inner surface of the body lumen at two separate locations

which provides a more stable attachment.

The device of the present invention is reversibly interchangeable between a first

configuration and a second configuration.

In the first configuration, suitable for packaging of the prosthesis in a catheter and
for its delivery by endovascular techniques, the outwardly extending arms of the
device are urged inwardly and/or rotated about a hinge element so that the angle
formed between the arms is decreased and the terminal ends approach each other.
In one embodiment the first configuration is adopted due to the application of
external pressure, such as a close fitting sleeve being placed externally over the
stent graft. In this first configuration, since the terminal ends are held close
together, the deployment of the device from an external sleeve is less likely to be
adversely affected by the terminal ends becoming snared on the internal surface of
the sleeve or attaching prematurely to the inner surface of the body lumen prior to

full deployment of the prosthesis.
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In the second configuration, adopted once the external pressure caused by
packaging of the device is removed, the arms spring resiliently outwardly adopting a
more open configuration with a wider angle between the arms and thus increasing
the spacing between the terminal ends. Simultaneously, the central portions can
rotate within a hinge element (if present) to urge the arms outwardly and the

terminal ends apart.

The device will be positioned on the external face of the prosthesis so that the
terminal ends are presented for enagagement with the inner surface of the body

lumen into which the prosthesis is located.

The central portions can be independently configured for attachment to the
prosthesis, conveniently by attachment to a fabric sleeve thereof. For example the
central portion can include an eye or aperture which can be attached to the sleeve of
a stent graft, for example by sewing. Alternatively any joining or hinge element can
include external projections at its upper and lower edges so that stitches placed
around its circumference cannot slip off. Other attachment means are also possible,

for example heat bonding, use of adhesive and the like.

Conveniently, at least one arm of each elongate element (ie. the end of each arm not
attached to the central portion) can be configured for independent attachment to
the prosthesis, for example by attachment to a fabric sleeve thereof. For example,
the or each arm configured for attachment can include an eye or aperture which can
be attached to the sleeve of a stent graft, for example by sewing. Other attachment

means are also possible, for example heat bonding, use of adhesive and the like.

Each elongate element can be formed of any suitable biocompatible material having
the necessary resilience to fold inwardly into a first folded configuration (ie. for
packaging) and to adapt a second open configuration (ie. after deployment).
Mention can be made of shape memory materials such as, for example, nitinol.

Resilient polymers are also suitable, particularly engineering high modulus
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polymers such as polyether ether ketone (PEEK). PEEK polymers with shape

memory behaviour can be used.

The elongate elements of the device of the present invention can conveniently be
formed by laser cutting, for example, by laser cutting from a planar sheet or
cylindrical tube of material. This method allows a suitable degree of accuracy in
forming the elongate elements. Generally the planar sheet of material (for example
nitinol) will be of 0.1 mm to 1.0 mm thickness, preferably from 0.2 mm to 0.9 mm,
but other thicknesses including 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 mm are also possible. In
one embodiment both elongate elements are formed integrally with the joint
between the central portions by laser etching from a single piece of material, such as
a nitinol sheet. In an alternative embodiment each elongate element is formed by
laser etching from nitinol sheet and are then placed in abutment or joined to each
other, for example by stitching or winding thread around the central portions,

preferably so that the two elongate elements can rotate relative to each other.

In one embodiment, each elongate element has a central portion and a single
resilient arm extending outwardly from the central portion. The two elongate
elements are joined together at a joint, which can include an external joining
element, such as a tantalum join or thread. In this embodiment, the device can
adopt a “V”-shape configuration following deployment. Each elongate element can
conveniently be formed from nitinol, for example can be laser etched from a nitinol

sheet, and optionally both are laser etched from a single piece of nitinol.

The device of the invention can comprise two elongate elements, wherein each
elongate element has a central portion with two arms extending outwardly from the
central portion above and below the central portion. The two central portions are
joined together as indicated above. Thus, the device comprises four arms in total,
and adopts an “X”-shaped configuration following deployment. Where the elongate
elements are formed as separate items, they can be placed in abutment or joined
together at their central portions by a joining element eg. thread or a tantalum joint.

Optionally the upper arms of each of the elongate elements have a first angle
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relative to each respective central portion, and the lower arms have a second angle
relative to the respective central portion. In this embodiment, where the device has
four arms, attachment of each of the arms to the prosthesis may be sufficient for
attachment to the device and it is not necessary to also attach the central portions to
the sleeve, although this additional attachment remains an option. Alternatively, the
central portions and the upper arms can be attached to the prosthesis.

Where each elongate element comprises two arms, located above and below the
central portion, the device can be symmetrical about the longitudinal axis between
the central portions, that is the elongate elements can be mirror images of each

other.

The arms can have an arcuate profile. Thus, in this embodiment, the arms are
curved rather than straight. This enables the arms to extend at least partially
around the circumference of a tubular prosthesis (such as a vascular graft) to which
the device is attached. Thus, the arms can conform to the circular cross-section of

the prosthesis to which they are attached, ensuring a close fit.

The device is particularly suitable for use with a stent graft, particularly of the type
used to treat aneurysm. In one embodiment, the device of the present invention is
used in combination with a stent graft comprising a fabric sleeve with a number of
ring stents attached to the sleeve. The device of the present invention can be

located between any two neighbouring ring stents on such a stent graft.

The device can be located between two neighbouring ring stents and attached to the
sleeve of the stent graft at or close to the location of each of the two neighbouring
ring stents. Conveniently, the device is attached to the sleeve by sewing, but any
other suitable means of attachment to the sleeve (eg. adhesive or heat bonding)
could alternatively be used. Attachment to the sleeve (as opposed to the ring stents)

reduces the potential for fracture of the stent and subsequent mechanical weakness.

Two arms of the device can be attached to the sleeve at or adjacent (for example

immediately adjacent) to a first ring stent independently attached to the sleeve, and
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a different portion of the device (such as the joint (including a joining or hinge
element) or two other arms) of the device is attached to the sleeve at a different
location, for example in the portion of the sleeve between the first ring stent and a
second ring stent which is its immediate neighbour or adjacent (for example

immediately adjacent) to the second ring stent independently attached to the sleeve.

The device of the present invention can comprise two elongate elements, joined as
described above, each elongate element having upper and lower arms extending
outwardly from a central portion located between the upper and lower arms,
wherein the upper arm of each elongate element is attached to the sleeve at or
adjacent (for example immediately adjacent) to a first ring stent independently
attached to the sleeve, and each lower arm of the elongate element is attached to the
sleeve at or adjacent (for example immediately adjacent) to a second ring stent
independently attached to the sleeve. Optionally the lower arms of each elongate
element cross the second ring stent (i.e. run under or over the ring stent) and are

attached to it at this junction.

Conveniently, the device is located between a terminal ring stent and its immediate
neighbour. This position has the advantage of increasing column stiffness at the end
of the prosthesis, thereby increasing patency and improving the seal between the
outer wall of the prosthesis and the inner surface of the natural blood vessel into

which it has been located.

In one aspect, the present invention provides a stent graft comprising:

i) a sleeve having a first end and a second end with a lumen extending therethrough;
ii) at least two ring stents attached to the sleeve a pre-selected distance apart; and
iii) two elongate elements which abut at a central portion thereof, each central
portion having at least one arm extending outwardly therefrom, wherein the
elongate elements are attached to the sleeve and bridge the distance between the

ring stents.
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The central portion of the two elongate elements can be joined together by a joining
element which preferably acts as a hinge. A suitable hinge joining element is thread,
where the elongate elements are attached by stitches or by winding the thread and
fastening the ends. The stitches used to join the central portions of the two elongate
elements can also attach the central portions to the sleeve. In one embodiment each
elongate element can be independently sewn onto the sleeve so that the central
portions are adjacent (side-by-side) and are aligned. Optionally, the two central
portions can then be over sewn together, using joining stitches which encompass
both central portions, so that the joining stitches act as a hinge. Braided polyester
thread can be used for sewing the central portions together, though other threads

are also suitable.

The graft sleeve can be flexible and is usually formed of a woven or knitted fabric.
The sleeve will usually be substantially impervious to fluid. Optionally, at least one
surface of the sleeve will be sufficiently porous to facilitate cell ingrowth. Suitable
materials include polyester, polyethylene, polypropylene, ePTFE, PTFE and the like.

The sleeve can be coated to reduce permeability or to deliver a biological agent.

For many intended purposes, the sleeve can conveniently be formed with a constant
diameter. However tapered grafts (ie. where the diameter varies along its length)

are also possible and are particularly useful for certain indications.

In a further aspect, the present invention provides an implantable prosthesis
comprising:

i) a compliant and substantially fluid impervious tubular sleeve having a proximal
end and a distal end with a conduit therethrough;

ii) a first ring stent formed from multiple windings of wire of a shape memory
material, attached to said sleeve at a first location;

iii) a second ring stent formed from multiple windings of wire of a shape memory
material, attached to said sleeve at a second location; and

iv) two elongate elements, each elongate element having a central portion with at

least one arm extending outwardly therefrom, wherein the central portions abut;
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wherein a first portion of each elongate element is attached to said sleeve at said
first location, and wherein a second portion of each elongate element is attached to

said sleeve at said second location.

The central portions of the two elongate elements can be joined together by a
joining element, for example a tantalum crimp or thread (for example braided
polyester). Optionally the joining element acts as a hinge such that the arms are
rotatable. A suitable hinge joining element is thread, where the elongate elements
are attached by stitches or by winding the thread and fastening the ends. The
stitches used to join the central portions of the two elongate elements can also
attach the central portions to the sleeve. In one embodiment each elongate element
can be independently sewn onto the sleeve so that the central portions are adjacent
(side-by-side) and are aligned. Optionally, the two central portions can then be over
sewn together, using joining stitches which encompass both central portions, so that

the joining stitches act as a hinge.

The ring stents can each be formed from nitinol wire and will typically include
multiple windings of nitinol wire. Each ring stent can be attached to the external
surface of the sleeve or to the internal (luminal) surface of the sleeve. Generally, it is
more convenient to attach the ring stents to the external (non-luminal) surface of

the sleeve.

In an embodiment of the stent graft of the present invention, one of said ring stents
is located at or close to the first or second ends of the sleeve. For example, although
distances will vary with dimensions of the stent graft, one ring can conveniently be

located from O to 2 cm from either the first or second end of the sleeve.

A suitable pre-selected distance for the closest point between the two ring stents is
from 0.1 to 8 cm, preferably 0.5 to 5 cm, more preferably between 0.5 to 3 cm. One
of skill in the art will however be aware that the pre-selected distance between the

ring stents will depend upon factors such as the size (diameter and/or length) of the
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stent graft, its intended location in the patient, the patient’s anatomy and medical

condition.

The two ring stents can conveniently be immediate neighbours (ie. there will be no
other ring stents attached to the sleeve in the space between them).

In the stent graft of the present invention, one portion of each elongate element will
be attached to the sleeve at or adjacent (for example immediately adjacent) to the
location of one ring stent, and another portion of each elongate element will be
attached to the sleeve at or adjacent (for example immediately adjacent) to the
other ring element. For example, one arm of each elongate element can be attached
to the sleeve at or adjacent to the first ring element and either the central portions
or a second arm of each elongate element can be attached to the sleeve at or

adjacent to the second ring element.

In one embodiment, the two elongate elements are each formed from nitinol,

preferably from heat set nitinol wire.

The stent graft can comprise a ring stent formed by multiple windings of resilient
wire, for example nitinol wire. Optionally each ring stent can be formed from a
plurality of strands of wire, but other designs of ring stents are also possible. The
number of strands of wire can be varied according to the wire utilised and the size
of graft. The number of strands wound can vary from 2 to 120 or even more, but
would typically have 10 to 30 strands forming the ring stent. Any diameter wire
which maintains the required resilience can be used. Suitable diameters can be

selected from a range of 0.1 mm to 2 mm, for example 0.5 mm to 1 mm.

Conveniently each ring stent is attached to the sleeve by suitable attachment means,
for example by mechanical means (such as sewing), by chemical means (such as

adhesive) or by thermal means (for example heat bonding).

It is possible for the stent graft of the invention to include multiple ring stents, and

the stent graft of the invention is not limited to any particular number of ring stents.
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For some embodiments the stent graft can have for example 3 to 15 ring stents but
other numbers of ring stents are also possible depending on the graft length and

diameter.

Optionally at least one ring stent of stent graft adopts a saddle shape in its open
(deployed) configuration. A ring stent will be saddle shaped if the circumference of
the ring stent is larger than the circumference of the outer surface of the sleeve of
the stent graft and the ring stent is attached in a sinusoidal (saddle-shaped)
configuration, having two peaks and troughs. A saddle-shape can be beneficial in
improving flexibility of the stent graft. Optionally the device is located between two
ring stents, one or both of which are saddle-shaped. Optionally the device is located
between two ring stents, one of which is a terminal ring stent of the stent graft, this

terminal ring stent being saddle-shaped.

In one embodiment the stent graft of the invention includes a single device formed
from two elongate elements as described above. Alternatively the stent graft of the
invention includes 2 or more such devices. Where multiple devices are present,
two devices can be located between the same two neighbouring ring stents, but

diametrically opposite each other on the sleeve circumference.

Optionally the stent graft of the present invention includes devices located between
ring stents at each end of the stent graft. Thus in this embodiment, at least one
device is located between the terminal ring stent and its immediate neighbour at the
first end of the sleeve and at least one device is located between the terminal ring
stent and its immediate neighbour at the second end of the sleeve. In another
embodiment at least one device may be located by protruding past the terminal ring

at one end.

In a further aspect, the present invention provides a method of repairing a diseased
vessel, said method comprising inserting a prosthesis into the vessel, said prosthesis
comprising a flexible tubular conduit having at least two ring stents attached to the

conduit at preselected locations thereon, and having two elongate elements as
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described above attached to each location. The prosthesis can be an implantable

prosthesis or a stent graft as described above.

The present invention further provides a method of treating a body lumen, said
method comprising inserting a stent graft into said lumen, said stent graft
comprising:

i) a sleeve having a first end and a second end with a lumen extending therethrough;
ii) at least two ring stents attached to the sleeve a pre-selected distance apart; and
iii) two elongate elements, each elongate element having a central portion with at
least one arm extending outwardly therefrom, wherein the central portions abut;
wherein a first portion of each said elongate element is attached to said sleeve at
said first location, and wherein a second portion of each said elongate element is

attached to said sleeve at said second location.

In a further aspect, the present invention provides a method of treating a patient in
need thereof, said method comprising implanting a prosthesis comprising:

i) a compliant and substantially fluid impervious tubular sleeve having a proximal
end and a distal end with a conduit therethrough;

ii) a first ring stent formed from multiple windings of wire of a shape memory
material, attached to said sleeve at a first location;

iii) a second ring stent formed from multiple windings of wire of a shape memory
material, attached to said sleeve at a second location; and

iv) two elongate elements joined together by a joining element or formed integrally
in a single piece, each elongate element having central portion with at least one arm
extending outwardly therefrom, wherein each elongate element is attached to the

sleeve so that it bridges the distance between the ring stents.

The central portion of the two elongate elements can be joined together by a joining
element, for example a tantalum crimp or thread (for example polyester braid).
Optionally the joining element acts as a hinge so that the arms are rotatable. A
suitable hinge joining element is thread, where the elongate elements are attached

by stitches or by winding the thread and fastening the ends. The stitches used to
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join the central portions of the two elongate elements can also attach the central
portions to the sleeve. In one embodiment each elongate element can be
independently sewn onto the sleeve so that the central portions are adjacent (side-
by-side) and are aligned. Optionally, the two central portions can then be over sewn
together, using joining stitches which encompass both central portions, the joining

stitches acting as a hinge.

In a further aspect, the present invention provides a method of manufacturing a
prosthesis suitable for implantation into the body, said method comprising:
(i) providing a flexible tubular conduit;
(ii) providing two elongate elements each having central portion with
first and second arms extending outwardly therefrom;
(iii)  attaching said elongate elements to said conduit so that the central
portions are aligned and adjacent;
(iv)  attaching a first ring stent to the conduit; and

(v) attaching a second ring stent to said conduit.

Said first ring stent can be at or adjacent said first arms and said second ring stent
can be at or adjacent said second arms. In other words the elongate elements bridge

the gap between the first and second ring stents.

The central portion of the two elongate elements can be joined together by a joining
element which for example a tantalum crimp or thread (for example polyester
braid). Optionally the joining element acts as a hinge so that the arms are rotatable.
A tantalum crimp can be used as the joining element and attached to the elongate
elements to form an integral device prior to attachment of the device to the sleeve.
An alternative hinge joining element is thread, where the elongate elements are
attached by stitches or by winding the thread and fastening the ends. The stitches
used to join the central portions of the two elongate elements can also attach the
central portions to the sleeve. In one embodiment each elongate element can be
independently sewn onto the sleeve so that the central portions are adjacent (side-

by-side) and are aligned. Optionally, the two central portions can then be over sewn
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together, using joining stitches which encompass both central portions, the joining

stitches acting as a hinge.

In an alternative embodiment the two elongate elements can be formed integrally as

a single piece.

The elongate elements can be attached to the exterior surface of said conduit. In
this embodiment the first and second ring stents are also preferably attached to the
exterior surface of said conduit. One ring stent can overlie at least a portion of the
elongate element. Alternatively the elongate elements can cross over one or both of
the ring stents. Depending upon the configuration required, step (iii) can be
performed prior to or after steps (iv) and (v). Thus, the order of steps (iii) to (v) can
be varied depending upon the final configuration required and convenience of
manufacture. Whilst any means of attachment can be used to secure the elongate
elements and the ring stents to the conduit, conveniently the elongate elements are
attached by sewing, preferably by stitches located about each arm. Optionally, each

of the ring stents is also attached by sewing.

In one embodiment, one elongate element is located so that its central portion is
positioned to be between the ring stent positions and attached to the conduit by
stitching, the stitches lying over the central portion and passing through the wall of
the conduit at either side of the elongate element. Braided polyester thread can be
used, although other thread types are also possible. The second elongate element is
then aligned so that is central portion abuts the central portion of the first elongate
element. The second elongate element is then attached to the conduit by stitching,
the stitches lying over the central portion and passing through the wall of the
conduit at either side of the elongate element. The central portions of the two
elongate elements are then oversewn, each over sewing stitch passing through the
wall of the conduit next to one elongate element, over both elongate elements and
through the wall of the conduit next to the other elongate element. Braided
polyester thread can be used, although other thread types are also possible. It

should be noted that the upper and lower arms of each elongate element can also be
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attached by stitching, as required. The ring stents are then attached to the conduit
(in any convenient order). The terminal ring stent will usually lie adjacent to a
portion of the upper arms of the elongate elements, whilst the non-terminal ring
stent will cross over the lower arms. A portion of the lower arms of each of the two

elongate elements will thus lie beneath the non-terminal ring stent.
Preferred or alternative features of each aspect or embodiment of the invention
apply mutatis mutandis to each other aspect or embodiment of the invention, unless

the context demands otherwise.

The present invention will now be further described by reference to the following

figures, in which:

Fig. 1: is a schematic illustration of one embodiment of the device of the invention

comprising two elongate elements in open (deployed) configuration;

Fig. 2: is a schematic illustration of one elongate element of the device of Fig. 1;

Fig. 3: shows the top view of a device of the present invention at an intermediate

stage in its manufacture;

Fig. 4: shows the bottom view of the device of Fig. 3 after it has been heat set to be in

arcuate form;

Fig. 5: shows the device of Fig. 1 attached to one end of a tubular prosthesis which

includes two ring stents;

Fig. 6: shows detail of the attachment of the device and ring stents of Fig. 5;

Fig. 7: shows the device of Fig. 1 with the prosthesis in compacted form for delivery;
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Fig. 8: shows the device of Fig. 1 with the prosthesis in expanded form following

delivery;

Fig. 9: shows a deployed stent graft prosthesis which comprises two devices of Fig. 1

(only one device is shown);

Fig. 10: shows the side view of the prosthesis of Fig. 9; and

Fig. 11: shows a device of the present invention attached to a tubular prosthesis.

Referring to the drawings, Fig. 1 shows a device (1) of the invention formed from
nitinol and having two elongate elements (2) each with a central portion (3, 3’). The
central portions (3, 3’) are joined at joining element (4) which can conveniently be
formed from tantalum. The tantalum joining element shown can be replaced by
using thread wound around central portions (3, 3’) and the ends fastened or by
stitches. In the embodiment illustrated the joining element (4) can act as a hinge so
that the elongate elements can rotate, but it is also possible to have the device
formed from a single piece of material, so that the joining element will be a bridge
between the central portions (3, 3’) or the device can be formed with a single central
portion. In the embodiment illustrated, each elongate element (2) has an outwardly
extending upper arm (5, 5’) with a terminal end (6, 6’). Each elongate element (2)
also has an outwardly extending lower arm (7, 7’) with a terminal end (8, 8’). The
terminal ends (6, 6’, 8, 8’) are each shaped to project radially outwardly and have a
pointed end or hook for engagement with the inner wall of a body lumen following
deployment. As illustrated in Fig. 1, the device (1) is shown in an open
configuration in which the upper and lower pairs of arms (5, 5’, 7, 7’) have adopted a

wide angle with the terminal ends (6, 6', 8, 8") spaced apart from each other.

Fig. 2 shows an elongate element (2) in more detail. Elongate element (2) is
conveniently produced by conforming nitinol wire of diameter 0.53 mm on a steel
tool and heat setting, for example at a temperature of 550 °C for 6 minutes. The

elongate element (2) is then electropolished in order to increase fatigue life and to
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ensure an accurate final cross-sectional size. Two of the elongate elements as
shown in Fig. 2 can be placed in abutment. Optionally the elongate elements can be
joined together by a joining element (4) (for example by stitches across the central
portion (4) onto the fabric sleeve of a prosthesis) and optionally configured such

that central portion (3) can rotate about its longitudinal axis.

Fig. 3 shows a top view of the device as shown in Fig. 1 at an intermediate stage of
its manufacture. As illustrated, the upper arms (5, 5’) extend in a straight line from
central portion (3) and joining element (4). The joining element shown is a
tantalum crimp, but alternatively should be stitches or wound thread. Attachment
to a tubular prosthesis could cause deformation in the prosthesis shape.
Accordingly, it is preferred that the device is heat set or otherwise permanently

formed in an arcuate shape.

Fig. 4 shows a bottom view of the device formed into a suitable arcuate shape. The
upper arms (5, 5’) extend in a curved line from the central portion (3) and joining
element (4). Advantageously, the arc described by the arms of device (1) has a
circumference which matches the outer circumference of the tubular prosthesis to
which the device is to be attached. This ensures a snug fit between the device and

the outer surface of the prosthesis.

In Fig. 5, the device (1) of Fig. 1 is shown in position on the exterior of a stent graft
(10). Stent graft (10) is formed from a flexible tubular conduit or sleeve (11) having
a number of ring stents (12, 13) attached thereto to maintain the patency of the
sleeve lumen after deployment. The ring stents (12, 13) can conveniently be formed
from multiple windings of nitinol wire. Only one end portion of stent graft (10) is
illustrated, for convenience. In the end portion of stent graft (10) illustrated in Fig.
5, the stent graft (10) terminates with a first ring stent (12) which is spaced a pre-
determined distance apart from its neighbouring ring stent, second ring stent (13).
The device (1) is shown attached between the first and second ring stents (12, 13).
The upper arms (5, 5’) of device (1) are shown located just below the first ring stent

(12). Terminal ends (6, 6’) of upper arms (5, 5) project outwardly from the exterior
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surface of sleeve (11), as best seen with end 6’, in order to engage with the inner
surface of a body lumen after placement of the stent graft (10), thereby holding the
stent graft (10) firmly in place. The lower arms (7, 7’) of device (1) are shown
located crossing underneath second ring stent (13). Thus, device (1) is attached to
the fabric sleeve (11) before attachment of the second ring stent (13). Alternatively
device (1) could cross over ring stent (13), and be attached to the sleeve (11) after
ring stent (13). Terminal ends (8, 8’) of lower arms (7, 7’) project outwardly from
the exterior surface of sleeve (11), in order to engage with the inner surface of a
body lumen thereby holding the stent graft (10) firmly in place. The joining element
(4) can be formed from stitches (for example using braided polyester) across both
central portions (3, 3’) which act to hold the elongate elements together and locate

them on the fabric sleeve (11).

Fabric sleeve (11) is a woven or knitted flexible fabric which is generally impervious
to fluid such as blood. Suitable materials include polyester, such as Dacron. Fabric
sleeve (11) may optionally be coated to reduce blood clotting, to reduce friction or
to deliver a medicament. The stent graft (10) shown in Fig. 5 is depicted in the

expanded (deployed) configuration.

Fig. 6 shows detail of the attachment of ring stents (12, 13) to sleeve (11) in the
stent graft (10) of Fig. 5 and also shows detail of the attachment of device (1) to the
sleeve (11). As illustrated, the central portion (3, 3") of device (1) has been attached
using stitches (20). Other forms of attachment are also possible. Additionally, the
location of arms (7, 7’) beneath second ring stent (13) occurs prior to the stitching
of second ring stent (13) onto sleeve (11), though as mentioned above, this
configuration could be reversed with ring stent (13) being located below arms (7,
7"). Additional stitches (shown as cross-stitch) (21) are located about the junction
where lower arms (7, 7’) cross underneath second ring stent (13). Thus stitches
(21) hold both lower arms (7, 7’) and also ring stent (13) securely together on
sleeve (11). Additional stitches (22) are located along the length of upper arms (5,
5’) and lower arms (7, 7’) of the device until the terminal ends thereof. As

illustrated terminal ends (6, 6’, 8, 8’) are free from stitches in order to engage with
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the inner luminal wall of a body vessel. As illustrated in Fig. 6, arms (5, 5’) are
shaped to have a kink or bend immediately prior to the terminal ends (6, 6’) which
prevents the arms slipping within the stitches and presents the terminal ends (6, 6')
outwardly when the device (1) is in its deployed mode. Also as illustrated in Fig. 6,
lower arms (7, 7’) are shaped to have a kink or bend immediately prior to the
terminal ends (8, 8’) which prevents the arms slipping within the stitches and
presents the terminal ends (8, 8’) outwardly when the device (1) is in its deployed
mode. Stitches (23) hold first ring stent (12) and, separately, second ring stent (13)
securely onto the outer surface of sleeve (11). Stitches (20, 21, 22, 23) may be
formed by any convenient means, including hand stitching. Hand stitching has the
advantage of accurate stitch placement. Advantageously suture material is used to
sew the device (1) and/or ring stents (12, 13) onto sleeve (11). Braided polyester is
suitable but other thread types can also be used. Fig. 6 shows first ring stent (12)
and second ring stent (13) formed from multiple strands, for example of nitinol

wire.

Fig. 7 shows a portion of the stent graft (10) of the invention in a folded
configuration, suitable for insertion into a catheter and deployment into the body
lumen of a patient, such as a blood vessel. In this configuration ring stents (12, 13)
and any other ring stents of graft (10) are compressed and will be held in that
compressed form by an outer delivery sheath which forms part of the delivery
catheter (not shown). As illustrated, upper arms (5, 5’) of device (1) are bent by
compression of ring stent (12), such that the terminal ends (6, 6’) approach each
other and the angle between these ends is decreased. Similarly, the folding of ring
stent (13) into its compressed form causes lower arms (7, 7°) to be urged together
such that the terminal ends (8, 8’) are also brought close to each other and the
angles between ends (8, 8’) is decreased. Device (1) is formed of a resilient material,
such as nitinol, which can tolerate such compression. Multiple windings of nitinol
wire can be used to form each of the ring stents (e.g. ring stents 12, 13). A third ring

stent (14) is also shown.
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When the device is in its folded configuration, terminal ends (6, 6’, 8, 8’) are
positioned closer to the proximal seal line of the graft and do not project outwardly.
Thus, the possibility of premature attachment or snagging on the delivery sheath,
delivery catheter or body lumen prior to full deployment is significantly reduced.

Fig. 8 illustrates the stent graft (10) of Fig. 7 when deployed. Upon deployment of
the stent graft (10) (for example by removal of the delivery sheath located around
the compressed stent graft) upper arms (5, 5°) spring outwardly, together with ring
stent (12) which adopts its open, annular configuration. Likewise, lower arms (7, 7)
also spring outwardly together with second ring stent (13) which adopts its open
annular configuration. Figs. 7 and 8 clearly show ring stents (12, 13) and device (1)
attached to the sleeve (11) by stitches. Alternative forms of attachments are also
possible. The joining element illustrated could be replaced by stitches across the

central portions of the elongate elements.

As shown in Fig. 9, device (1) is as illustrated in Fig. 1 and is shown in its deployed
configuration. Stent graft (10) comprises a flexible sleeve, for example formed of
woven polyester such as Dacron. As illustrated, stent graft (10) comprises twelve
separate ring stents, each spaced a predetermined distance apart. Alternative
numbers or placements of stents are possible. The upper part of device (1) is
attached to sleeve (11) at or adjacent to the location of first ring stent (12), with the
lower arms (7, 7’) passing underneath or above second ring stent (13). Third ring
stent (14) is also labelled. Each ring stent is attached to the outer surface of sleeve
(11). Device (1) is shown in its open (deployed) configuration and has a large angle
between upper resilient arms (5, 5’) and lower resilient arms (7, 7'). In its
compressed configuration (not shown) the tips of arms (5, 5’, 7, 7°) will be urged
together, for example by applying external pressure, such that the angle between
each pair of arms (5, 5" and 7, 7’) is decreased. Suitably, device (1) is attached to
sleeve (4) by sewing using suture material. Conveniently, the ring stents can also be
secured by sewing. Alternative forms of device 1 can be used with the stent graft

(10) illustrated.



10

15

20

25

30

23

WO 2012/164304 PCT/GB2012/051248

As illustrated in Fig. 9, the terminal ring stent (12) has a saddle shape with a trough
approximately aligned with the central portion (4) of device (1) on the longitudinal
axis A-A. As illustrated, second ring stent (13) is of a more annular configuration,
and the ring stents in the central position of the prosthesis have an increased saddle

shape, which can be independently configured for each ring stent.

Fig. 10 shows the side view of the prosthesis (10) shown in Fig. 9, such that only the
side profile of device (1) according to the invention can be seen. In the prosthesis
(10) illustrated, two identical devices (1) are spaced diametrically opposite each
other. Fig. 10 clearly shows that terminal ends (6, 6’ and 8, 8’) project outwardly for

engagement with the inner surface of a luminal body vessel after deployment.

Fig. 11 shows detail of the attachment of ring stents (12, 13) to sleeve (11) in the
stent graft (10) and also shows detail of the attachment of device (1) to the sleeve
(11). As illustrated, the central portion (3, 3’) of device (1) has been attached using
joining stitches (20A) which also hold the device (1) onto the sleeve (11).
Optionally each elongate element is independently attached to sleeve (11) by
stitches so that the central portions of both elongate elements lie side-by-side and
are aligned. The two elongate elements are then oversewn onto sleeve (11) using
joining stitches (20A). Joining stitches (20A) act as a hinge. The two elongate
elements of device (1) can rotate relative to each other to facilitate folding of the
stent graft (10) for delivery. Other forms of attachment are also possible.
Additionally, the location of arms (7, 7’) beneath second ring stent (13) occurs prior
to the stitching of second ring stent (13) onto sleeve (11). Alternatively, ring stent
(13) can be attached to sleeve (11) prior to attachment of each elongate element. In
this embodiment, the lower arms will be placed over ring stent (13). Additional
stitches (shown as cross-stitch) (21) are located about the junction where lower
arms (7, 7’) cross underneath second ring stent (13). Thus stitches (21) hold both
lower arms (7, 7’) and also ring stent (13) securely together on sleeve (11).
Additional stitches (22) are located along the length of upper arms (5, 5') and lower
arms (7, 7’) of the device until the terminal ends thereof. As illustrated terminal

ends (6, 6/, 8, 8") are free from stitches in order to engage with the inner luminal
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wall of a body vessel. Asillustrated in Fig. 11 arms (5, 5’) are shaped to have a kink
or bend immediately prior to the terminal ends (6, 6') which prevents the arms
slipping within the stitches and presents the terminal ends (6, 6’) outwardly when
the device (1) is in its deployed mode. Also as illustrated in Fig 11, lower arms (7,
7’) are shaped to have a kink or bend immediately prior to the terminal ends (8, 8’)
which prevents the arms slipping within the stitches and presents the terminal ends
(8, 8") outwardly when the device (1) is in its deployed mode. Stitches (23) hold
first ring stent (12) and, separately, second ring stent (13) securely onto the outer
surface of sleeve (11). Stitches (204, 21, 22, 23) may be formed by any convenient
means, including hand stitching. Hand stitching has the advantage of accurate stitch
placement. Advantageously suture material is used to sew the device (1) and/or
ring stents (12, 13) onto sleeve (11). Braided polyester is suitable, though other
thread types can also be used. Fig. 11 shows first ring stent (12) and second ring

stent (13) formed from multiple strands, for example of nitinol wire.

All documents referred to in this specification are herein incorporated by reference.
Various modifications and variations to the described embodiments of the
inventions will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes of carrying out the invention
which are obvious to those skilled in the art are intended to be covered by the

present invention.
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A device for securing a prosthesis to the internal wall of a body lumen,
comprising at least two elongate elements, each elongate element
comprising a central portion with at least one arm extending therefrom,

wherein the central portions abut.

The device of claim 1 which is reversibly interchangeable between a first

configuration and a second configuration.

The device of claim 2, wherein in the first configuration said arms of said
device are urged inwardly so that the distance between the arms is

decreased and the terminal ends approach each other.

The device of either one of claims 2 or 3, wherein in the second configuration
said arms adopt an open configuration wherein the terminal ends of the
device are urged outwardly, so that the distance between the arms is

increased, and the terminal ends are apart from one another.

The device of any one of claims 1 to 4, wherein said central portions are

joined by a joining element.

The device of claim 5, wherein the joining element is a hinge and wherein

said elongate elements are rotatable about said hinge.

The device of claim 6 wherein the arms of said device are rotated about the
hinge to reduce the angle between the arms when in the first configuration

and to increase the angle between the arms in the second configuration.

The device of any one of claims 1 to 7, wherein the terminal end of each arm

is pointed, hooked or barbed.
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14.

15.

16.
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The device of any one of claims 1 to 8, wherein the elongate elements have a

kink or curve prior to the terminal ends.

The device of any one of claims 1 to 9, wherein said joint is independently

configured for attachment to said prosthesis.

The device of any one of claims 1 to 10, wherein at least one arm of each
elongate element is configured for independent attachment to said

prosthesis.

The device of any one of claims 1 to 11, wherein each elongate element has a
central portion and a single resilient arm extending outwardly from said
central portion, and said at least two elongate elements are joined together
at a joint, wherein in its second configuration said device adopts a

substantially V-shaped configuration.

The device of any one of claims 1 to 11 comprising two elongate elements,
wherein each elongate element has a central portion with two arms
extending outwardly from the central portion above and below said central
portion, and wherein in its second configuration said device adopts an X-

shaped configuration.

The device of any one of claims 1 to 13, wherein said arms have an arcuate

profile.

The device of any one of claims 5 to 14 wherein the joining element is thread.

A stent graft comprising:

i a sleeve having a first end and a second end with a lumen extending
therethrough;
ii. at least two ring stents attached to the sleeve, a pre-selected distance

apart; and

PCT/GB2012/051248
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iii. a device as claimed in any one of claims 1 to 15 wherein the device is
attached to the sleeve so that it bridges the distance between the ring

stents.

The stent graft of claim 16, wherein said sleeve is flexible and formed of a

woven or knitted fabric.

The stent graft of claim 17, wherein the sleeve is formed from a material

selected from polyester, polyethylene, polypropylene, ePTFE and PTFE.

An implantable prosthesis comprising:

i a compliant and substantially fluid impervious tubular sleeve having
a proximal end and a distal end with a conduit therethrough;

ii. a first ring stent formed from multiple winding of wire of a shaped
memory material, attached to said sleeve at a first location;

iii. a second ring stent formed from multiple windings of a wire of a
shaped memory material attached to said sleeve at a second location;
and

iv. a device as claimed in any one of claims 1 to 15; wherein a first
portion of each elongate element is attached to said first location, and
wherein a second portion of each elongate element is attached to said

sleeve at a second location.

The implantable prosthesis of claim 19, wherein said ring stents are each

formed from nitinol wire.

The implantable prosthesis of either one of claims 19 or 20, wherein one
portion of each elongate element is attached to said sleeve at or adjacent to
the location of one ring stent and another portion of each elongate element is

attached to said sleeve at or adjacent to the other said ring element.
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The implantable prosthesis of any one of claims 19 to 21, wherein said
prosthesis comprises a ring stent formed by multiple windings of resilient

wire.

The implantable prosthesis of claim 22, wherein said device is located
between two ring stents, wherein one or both of said ring stents are saddle

shaped.

The implantable prosthesis of any one of claims 19 to 23, wherein said

prosthesis comprises two or more devices.

The implantable prosthesis of claim 24, wherein said two or more devices
are located between the same two neighbouring ring stents, and

diametrically opposite each other on the sleeve circumference.

The implantable prosthesis of any one of claims 19 to 25, wherein said
prosthesis comprises one or more devices located between ring stents at

each end of said implantable prosthesis.

A method of repairing a diseased blood vessel, said method comprising
inserting a prosthesis into said vessel, wherein the prosthesis is as claimed in

any one of claims 19 to 26.

A method of treating a body lumen, said method comprising inserting a stent

graft into said lumen, said graft comprising:

i a sleeve having a first end and a second end with a lumen extending
therethrough;

ii. at least two ring stents attached to the sleeve, a pre-selected distance
apart;

iii. two elongate elements, each elongate element having a central

portion with at least one arm extending outwardly therefrom,

wherein the central portions abut; wherein a first portion of each said

PCT/GB2012/051248
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elongate element is attached to said sleeve at the first location, and

wherein a second portion of each said elongate element is attached to

said sleeve at a second location.

A method of treating a patient in need thereof, said method comprising

implanting a prosthesis comprising:

i

ii.

iii.

iv.

a compliant and substantially fluid impervious tubular sleeve having
a proximal end and a distal end with a conduit therethrough;

a first ring stent formed form multiple windings of wire of a shape
memory material, attached to said sleeve at the first location;

a second ring stent formed from multiple windings of wire from a
shaped memory material, attached to said sleeve at a second location;
and

two elongate elements joined together by a joining element or
formed integrally in a single piece, each elongate element having a
central portion with at least one arm extending outwardly therefrom,
wherein each elongate element is attached to the sleeve so that it

bridges the distance between the ring stents.

A method of manufacturing a prosthesis suitable for implantation into the

body, said method comprising:

i

ii.

iii.

iv.

providing a flexible tubular conduit;

providing two elongate elements each having a central portion with
first and second arms extending outwardly therefrom;

attaching said elongate elements to said conduit so that the central
portions are aligned and adjacent;

attaching a first ring stent to the conduit; and

attaching a second ring stent to said conduit.

The method of claim 30, wherein said elongate elements are attached to the

exterior surface of said conduit.
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32. The method of claim 31, wherein the first and second ring stents are also
attached to the exterior surface of said conduit and overlie at least a portion

of said second arms.

33. The method of any one of claims 30 to 32 wherein the central portions of
each elongate element are joined together by stitches which also attach each

elongate element to the conduit.
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 96/07371 Al (AHN SAM S [US]) 1
14 March 1996 (1996-03-14)
Y page 8 - page 12; figures 2-26
Y WO 02/085254 Al (UNIV NEW YORK STATE RES 1-26
FOUND [US]; RICCOTTA JOHN [US]; HSIAO B S
[US]) 31 October 2002 (2002-10-31)
the whole document
Y US 5 720 776 A (CHUTER TIMOTHY A [SE] ET 1-26
AL) 24 February 1998 (1998-02-24)
claims; figures 2-9
Y WO 89/08433 Al (LAZARUS HARRISON M [US]) 1-26
21 September 1989 (1989-09-21)
figures 9-11
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

25 September 2012

Date of mailing of the international search report

08/10/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Serra i Verdaguer, J
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

ET AL) 8 December 2005 (2005-12-08)
claims; figures

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 98/27894 Al (PROGRAFT MEDICAL INC [US] 1-26
GORE ENTERPRISE HOLDINGS INC [US])
2 July 1998 (1998-07-02)
the whole document
Y US 2005/273155 Al (BAHLER CLINTON D [US] 1-26
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Information on patent family members

International application No

PCT/GB2012/051248
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9607371 Al 14-03-1996 AT 228803 T 15-12-2002
AU 701073 B2 21-01-1999
AU 3547995 A 27-03-1996
CA 2198879 Al 14-03-1996
DE 69529077 D1 16-01-2003
DE 69529077 T2 05-06-2003
EP 0778754 Al 18-06-1997
ES 2186729 T3 16-05-2003
us 5527355 A 18-06-1996
WO 9607371 Al 14-03-1996

WO 02085254 Al 31-10-2002 US 2005102024 Al 12-05-2005
WO 02085254 Al 31-10-2002

US 5720776 A 24-02-1998 AT 287675 T 15-02-2005
AU 703150 B2 18-03-1999
AU 5478096 A 19-12-1996
CA 2172647 Al 08-12-1996
DE 69634225 D1 03-03-2005
DE 69634225 T2 23-03-2006
EP 0747020 A2 11-12-1996
JP 3784886 B2 14-06-2006
JP 9098974 A 15-04-1997
us 5720776 A 24-02-1998

WO 8908433 Al 21-09-1989 AT 137655 T 15-05-1996
AU 637318 B2 27-05-1993
AU 663583 B2 12-10-1995
AU 693294 B2 25-06-1998
AU 3439289 A 05-10-1989
AU 3826193 A 01-07-1993
AU 4088696 A 04-04-1996
CA 1335528 C 16-05-1995
DE 68926452 D1 13-06-1996
DE 68926452 T2 12-09-1996
EP 0407425 Al 16-01-1991
EP 0688544 A2 27-12-1995
JP 2771001 B2 02-07-1998
JP HO3503246 A 25-07-1991
us 5104399 A 14-04-1992
us 5397345 A 14-03-1995
us 5662700 A 02-09-1997
us 6017364 A 25-01-2000
us 6030413 A 29-02-2000
us 6416535 Bl 09-07-2002
us 6544268 Bl 08-04-2003
us 6610085 Bl 26-08-2003
us 6702844 Bl 09-03-2004
WO 8908433 Al 21-09-1989

WO 9827894 Al 02-07-1998 AT 415899 T 15-12-2008
AU 740736 B2 15-11-2001
AU 5458298 A 17-07-1998
CA 2275921 Al 02-07-1998
EP 0971642 Al 19-01-2000
EP 2065014 Al 03-06-2009
JP 4021882 B2 12-12-2007
JP 4327256 B2 09-09-2009
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JP 4460553 B2 12-05-2010
JP 2001506902 A 29-05-2001
JP 2004305778 A 04-11-2004
JP 2006326328 A 07-12-2006
JP 2009106761 A 21-05-2009
US 6352561 B1 05-03-2002
US 2002029077 Al 07-03-2002
US 2009138066 Al 28-05-2009
WO 9827894 Al 02-07-1998
US 2005273155 Al 08-12-2005 US 2005273155 Al 08-12-2005
US 2009248144 Al 01-10-2009
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International application No.
INTERNATIONAL SEARCH REPORT PCT/GB2012/051248
Box No.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.: 27-33

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

see FURTHER INFORMATION sheet PCT/ISA/210

2. I:' 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. I:' 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.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 27-33

The subject-matter of claims 27 to 33, discloses a method of repairing a
diseased blood vessel. The method comprises the step of inserting a
prosthesis into the vessel. The International Searching Authority is not
required to search methods for treatment of the human body by surgery or
therapy (Rule 39.1(iv) PCT).
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