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STENT MEMBER

Description

Technical Field

This invention relates to a medical device and more particularly a stent

and a stent graft incorporating the stent for deployment within the human or

-animal body and to a method by which such a stent graft can be loaded into an

introducer sheath. It particularly relates to a thoracic arch stent graft.

Background of the Invention

Stent grafts are used to replace or repair vessels of the body such as the

blood vessels. A stent graft is usually formed from a tubular body of a

biocompatible graft material and one or more stents are mounted into or onto the

tubular body to provide support for the tubular body. The stents may be balloon

expandable stents or self-expanding stents. This invention will be discussed with

reference to the use of self-expanding stents but the invention is not limited to

that and may be used with balloon expandable stents or other forms of stents.

Where a stent graft is to be placed into a curved blood vessel, and it is

desired to maintain that curve, it is desirable to have the stent graft set into the

approximate shape of the curve to prevent buckling of the stent graft in the

vessel which may occlude some of the flow path in the vessel.

Stent grafts are deployed using endovascular techniques on an

introduction device in which the stent graft is retained in a radially contracted

condition by a sheath. Upon retraction of the sheath and release of any retention

arrangement where necessary, where the stent graft has self expanding stents,

the stent graft can expand under the action of the self expanding stents towards

the vessel walls to define a blood flow path and the introduction device can be

withdrawn.

There can be a problem with mounting of a stent graft designed for a

curved vessel onto an essentially straight catheter of a deployment device. The

catheter of a deployment device is essentially straight to enable it to be

introduced through the vasculature of a patient via a femoral artery using the

Seldinger technique.



Summarv of the Invention

Aspects of the present invention seek to provide a stent, and a stent graft

incorporating the stent which stent graft will form at least in part the shape of a

curved vessel and to a method of deploying such a stent graft or to at least

provide the physician with a useful alternative.

Throughout this specification the term distal with respect to a portion of

the aorta, a deployment device or a prosthesis means the end of the aorta,

deployment device or prosthesis further away in the direction of blood flow away

from the heart and the term proximal means the portion of the aorta, deployment

device or end of the prosthesis nearer to the heart. When applied to other vessels

similar terms such as caudal and cranial should be understood.

According to a first aspect of the present invention there is provided a

stent member comprising a plurality of axially spaced stent elements

characterised in that the stent elements are configured to be capable of

movement relative to each other such that the stent member is capable of moving

between a first configuration in which it is substantially straight, and a second

configuration in which at least a part thereof is curved.

This enables a stent member, which is to be curved when in its final

position in use, to be loaded into a deployment device and inserted through a

body lumen when in a straight disposition.

Preferably, one or more of the stent elements each comprise a generally

cylindrical body having substantially planar ends defining respective planar

transverse to the longitudinal axis of the cylindrical body, wherein at least one of

the planes is angled with respect to a plane at right angles to the longitudinal axis

of the cylindrical body whereby the stent is tapered on one or both ends or is

skewed.

In preferred embodiments the stent member comprises a tubular body of

graft material, at least some of the stent elements being located on the tubular

body such that there is a greater distance between adjacent stent elements on

one side than on the other side of the tubular body.

At least some of the stent elements may be located on the tubular body



such that the tubular body can be twisted to move the stent elements relative to

each other. This has the advantage that the stent elements may move towards

and nest with each other when being inserted into a delivery sheath.

In a preferred arrangement, in regard t o a first spacing between stent

elements, the stent elements are arranged so that the twist is clockwise and, in

regard to a second spacing between stent elements, the stent elements are

arranged so that the twist is anti-clockwise. This provides a particularly compact

arrangement and can lead to a simpler deployment process.

In a preferred embodiment, at least some of the stent elements are secured

t o the tubular body so as to permit relative movement therebetween. In

particular, the stent elements may be sewn to the tubular body in such a way as

to permit said relative movement. For example the stent elements can be sewn

into the tubular body with a slight twist engineered into the stent graft material.

Alternatively, or in addition, the stent elements are attached to the tubular body

by attachment means at or adjacent one end to permit said relative movement.

Eyelets may be provided as the attachment means.

Preferably, at least some of the stent elements have markers, the position

of which can be detected. The markers may all be arranged on the outside of the

curve of the stent member when it is fully deployed, or all on the inside.

Alternatively, one type of marker may be on the outside and another type on the

inside of the curve. The markers may be radio-opaque markers, which makes

them easy to track within a body lumen.

According to a second aspect of the present invention, there is provided a

generally cylindrical body with substantially planar ends defining respective planes

transverse to the longitudinal axis of the cylindrical body wherein at least one of

the planes is angled with respect to a plane at right angles to the longitudinal axis

of the cylindrical body whereby the stent is tapered on one or both ends or is

skewed.

According to a third aspect of the, present invention, there is provided a

stent graft for curved lumens of the body, the stent graft comprising a tubular

body of a graft material, at least a portion of which is arcuate to define an inner



curved side and an outer curved side, the stent graft comprising a plurality of self

expanding stents affixed thereto and spaced apart along at least a portion of the

tubular body, there being a greater spacing apart between adjacent stents on the

outer curved side than on the inner curved side on at least the portion of the

tubular body.

According to a fourth aspect of the present invention, there is provided a

method of loading a stent graft, at least a part of which is configured to be

curved when deployed, into an introducer sheath, the stent graft comprising a

plurality of mutually-spaced stent elements attached to a tubular body of graft

material, the method comprising inserting the graft as far as one or more stent

elements thereon into the sheath and before inserting the next stent element into

the sheath, twisting the graft whereby to at least partially close up the gap

between adjacent stent elements.

One preferred embodiment provides a stent comprising a wire formed into a

plurality of struts and bends between adjacent struts, the struts defining a

cylindrical body and the bends at each end defining respective planes transverse

to the longitudinal axis of the cylindrical body wherein at least one of the planes

is angled with respect to a plane at right angles to the longitudinal axis of the

cylindrical body whereby the stent is tapered on one or both ends or is skewed.

Preferably the stent is a zig zag stent comprising longer struts and shorter struts.

Preferably the wire is stainless steel or a shape memory whereby t o form

a self expanding stent.

In an alternative embodiment, there is provided a stent graft for curved

lumens of the body, the stent graft comprising a tubular body of a graft material,

at least a portion of which is arcuate to define an inner curved side and an outer

curved side, the stent graft comprising a plurality of self expanding stents affixed

thereto and spaced apart along at least a portion of the tubular body, there being

a greater spacing apart between adjacent stents on the outer curved side than on

the inner curved side on at least the arcuate portion of the tubular body.

Preferably the stents are zig-zag self expanding stents having a plurality of

struts and bends between adjacent struts.



Preferably at least some of the stents are normal stents comprising a wire

formed into a plurality of struts and bends between adjacent struts, the struts

defining a cylindrical body and the bends at each end defining respective planes

transverse to the longitudinal axis of the cylindrical body with the planes

substantially parallel to each other and substantially at right angles to the

longitudinal axis of the cylindrical body and at least some of the stents are

tapered stents comprising a wire formed into a plurality of struts and bends

between adjacent struts, the struts defining a cylindrical body and the bends at

each end defining respective planes transverse to the longitudinal axis of the

cylindrical body with at least one of the planes being angled with respect to the

plane at right angles to the longitudinal axis of the cylindrical body whereby to

define a tapered stent having one or two tapered ends.

Preferably at least some of the stents are tapered t o define longer struts

and shorter struts and the tapered stents are affixed to the tubular body with the

longer struts on the outer curved side and the shorter struts on the inner curved

side.

Preferably the tapered stents are mounted to the tubular body with the

longer side on the outer curve of the tubular body.

Preferably the stent graft comprises first, second, third and subsequent

stents from its proximal end, the first stent being a skewed stent, the second

stent being a normal stent and the third stent being a skewed stent, the skew on

the third stent being opposite to that of the first stent.

Alternatively the stent graft comprises first, second, third and subsequent

stents from its proximal end, the first, second and third stents being tapered

stents and wherein the tapered stents are mounted to the tubular body with their

longer sides on the outer curve of the tubular body.

Alternatively the stent graft comprises first, second, third and subsequent

stents from its proximal end, the first, second and third stents being tapered

stents, the first stent comprising a taper on its distal end, the second stent

comprising a taper at both its proximal and distal ends and the third stent

comprising a taper on its proximal end and wherein the tapered stents are



mounted to the tubular body with their longer sides on the outer curve of the

tubular body.

Alternatively the stent graft comprises first, second, third and subsequent

stents from its proximal end, the first stent being a tapered stent, the second

stent being a normal stent and the third stent being a tapered stent and wherein

the tapered stents are mounted to the tubular body with their longer sides on the

outer curve of the tubular body.

Preferably the proximal-most stent is inside the tubular body and the

remaining stents are on the outside of the tubular body.

Preferred embodiments of the invention provide a stent graft for curved

lumens of the body, the stent graft having a tubular body of a graft material, at

least a portion of which is arcuate to define an inner curved side and an outer

curved side, the stent graft having a plurality of self expanding stents affixed

thereto, at least some of the stents being tapered to define longer struts and

shorter struts and the tapered stents being affixed to the tubular body with the

longer struts on the outer curved side and the shorter struts on the inner curved

side, the tapered stents being spaced apart longitudinally on the tubular body

whereby the tubular body can be twisted substantially by half a turn between at

least some of the adjacent stents when loaded into a deployment device whereby

to nest the stents in the deployment device.

Preferably the tapered stents comprise a plurality of struts and bends

between adjacent struts, the struts defining a cylindrical body and the bends at

each end defining respective planes transverse to the longitudinal axis of the

cylindrical body, and wherein at least one of the planes of the bends are at an

angle transverse to the longitudinal axis of the cylindrical body, whereby to define

a tapered stent comprising one or two tapered ends and wherein the tapered

stent is mounted to the tubular body with the longer side on the outer curve of

the tubular body.

Preferably the tapered stents are fastened to the tubular body at only their

proximal or distal ends of the stent or intermediate their ends.

Preferably the circumferential twisting between adjacent tapered stents is



each clockwise or anticlockwise twisting or alternatively clockwise and

anticlockwise.

Preferably each of at least the tapered stents includes a radiopaque

marker whereby the relative position of a stent being deployed with respect to a

stent already deployed can be determined during deployment.

Preferably at least some of the stents have a marker on their longer sides

whereby during deployment the introduction device can be rotated as each stent

is released t o ensure that each stent and hence the tubular body is correctly

placed so that the arcuate portion is in a curved vessel in the desired orientation.

Other embodiments of the invention provide a stent graft introduction

device in combination with a stent graft, the stent graft comprising a tubular body

of a biocompatible graft material and comprising at least a portion nearer the

proximal end thereof which is arcuate to define an inner curved side and an outer

curved side, the stent graft having a plurality of stents affixed thereto, a first

stent at the proximal end being a cylindrical normal self expanding stent, at least

the next three stents being tapered stents and the balance of the stents to the

distal end of the tubular body being cylindrical normal stents, the tapered stents

being mounted to the tubular body such that their longer sides are on the outer

curved side of the tubular body, at least the tapered stents having radiopaque

markers thereon to facilitate alignment during deployment, the stent graft being

retained on the introduction device such that there is a twist in one

circumferential direction between the first tapered stent and a second tapered

stent and a further twist in the same or the opposite circumferential direction

between the second tapered stent and a third tapered stent whereby t o nest

adjacent stents with each other on the deployment device.

Although this invention is discussed in relation to deployment of a stent

graft into the thoracic arch of a patient, the invention is not so limited and may be

applied to other vessels of the human or animal body.

Brief Description of the Drawing

Preferred embodiments of the present invention will now be described, by

way of example only, with reference to the accompanying drawings of which:



Figure 1 shows a first embodiment of stent graft according to the present

invention;

Figure 2 shows the embodiment of a stent graft in Figure 1 in straightened

format;

Figure 3 shows an alternative embodiment of stent graft according to the

present invention;

Figure 4 shows the embodiment of stent graft in Figure 3 in straightened

format;

Figures 5A to 5D shows various embodiments of stent graft in stylised

format;

Figures 6A to 6D shows the embodiments of Figures 5A to 5D in a curved

form;

Figures 7A to 7D show various format of stent according to various

embodiments according t o the present invention;

Figure 8 shows a portion of a further embodiment of stent graft according

to the present invention;

Figure 9 shows the embodiment of Figure 8 when the stent graft is in a

curved configuration;

Figure 10 shows an alternative embodiment of a stent graft according to

the present invention;

Figure 11 shows the stent graft of Figure 10 in a radially contracted and

twisted condition for deployment;

Figure 12 shows a schematic view of the thoracic arch and descending

aorta of a patient with a deployment device including a stent graft similar to the

embodiment of Figure 10 of the present invention deployed into the thoracic arch;

Figures 13 to 17 show sequential stages of deployment of the stent graft

shown in Figure 11;

Figure 18A shows an embodiment of a stent graft according to the

present invention;

Figure 18B shows a further embodiment of a stent graft according to the

present invention specifically showing an alternative mounting of stents onto the



graft material;

Figure 18C shows another embodiment of a stent graft according to the

present invention specifically showing an alternative mounting of stents onto the

graft material; and

Figure 18D shows an embodiment of a stent graft according to the

present invention specifically showing an alternative mounting of stents onto the

graft material

Detailed Description

Referring now to the drawings and in particular Figures 1 and 2, it will be

seen that a first embodiment of stent graft 2 according to the present invention

comprises a tubular body 4 of a biocompatible graft material with the tubular

body formed into a curve at its proximal end 6 which approximates the curve of

the thoracic arch of an aorta of a patient. The tubular body 4 formed into the

arcuate curve has a outer curve 4a and an inner curve 4b. The distal end 8 is

substantially straight to match the descending aorta of a patient. In this

embodiment, the proximal-most stent 10 is inside the tubular body 4 and the

remainder of these stents are on the outside of the tubular body.

In this embodiment, each of the stents 10, 12, 13 are of similar

configuration and are not skewed or tapered.

The spacing of the stents 10 and 12, for instance, is greater, as shown by

dimension 11a, on the outer curve 4a than on the inner curve 4b as is shown by

the dimension 11b.

Figure 2 shows the stent graft of Figure 1 in a straightened format and to

allow for the greater distance 11a (Figure 1) between the first stent 10 and

second stent 12 from the proximal end 6, the outer curve 4a is buckled at 14 . At

the inner curve 4b the graft material is not buckled between the stents.

Hence there is provided by this embodiment of the invention a stent graft

which can be straightened for delivery by an introduction system and when

released will take up a curved shape to conform to the curved shape of the vessel

into which it is delivered.

Figures 3 and 4 shows an alternative embodiment of stent graft according



to this invention. In this embodiment again, the tubular body 22 of the stent graft

20 is curved at its proximal end 24 to define an outer curved side 22a and an

inner curved side 22b. In this embodiment, the stents are tapered side to side and

mounted onto the tubular body 22 such that the wider side 28 of the stent 26 is

on the outer curve 22a and the narrower side 30 of the stent 26 is on the inner

curve 22b. In this embodiment, there are four similarly tapered stents 26, 32, 34

and 36 from the proximal end 24 and three standard untapered stents 38 along

the balance of the stent graft to the distal end 40. The stents 38 are on the

substantially straight distal portion 40 of the stent graft 20.

The spacing of the stents 26 and 32, for instance, is greater, as shown by

dimension 3 1a, on the outer curve 22a than on the inner curve 22b as is shown

by the dimension 3 1b.

Again as shown in Figure 4, when the stent is straightened out for loading

into a deployment device, the outer side 22a of the tubular body 22 buckles at 42

but the inner side 22b is not buckled.

Figures 5A to 5D show various embodiments in a stylised form of stent

graft according to the present invention and Figures 6A to 6D show the stylised

stent grafts in their curved forms.

Figure 5A shows a stent graft with regular parallel sided stents 50 on a

tubular body 52 but with buckled portions 54 between the first two stents on the

outer curve side of the stent graft. Now looking at Figure 6A, when the tubular

body is put into its normal curved shape, it will be noted that the buckles

disappear and the stent graft can take up its curved shape and that there is a

greater distance between the stents on the outer side of the curve than on the

inner side of the curve.

Figure 5B shows a stent graft in which the tubular body 60 has a skewed

stent 62, a straight-sided stent 64 and a further skewed stent 66 counting from

the proximal end 60a. The tubular body has buckled portions 6 1 between each of

the first three stents on the outer curve side of the stent graft. Figure 6B shows

the arrangement of the embodiment shown in Figure 5B when in its curved form.

It will be noted that the buckles disappear and the stent graft can take up its



curved shape and that there is a greater distance between the stents on the outer

side of the curve than on the inner side of the curve.

Figure 5C and 6C show an arrangement where a tighter curve is desirable.

In this embodiment, the tubular body 70 has a greater curvature and the stents

72 at the proximal end 70a are each tapered with the wider side of the taper 72a

on the outside of the curve 70b.

Figure 5D and 6D show a still further embodiment in which a tubular body

80 has a first stent 82 which is tapered on a distal side thereof, a second stent

84 which is tapered on both sides and a third stent 86 which is tapered on only a

proximal side thereof, and then subsequent stents 88 are regular.

Figures 7A to 7D show various embodiments of zig-zag self-expanding

stents according to the present invention.

Figure 7A shows a standard stent 90 formed from struts 9 1 and bends 92

at one end and 93 at the other end. The bends 92 at one end of the stent are in a

first plane 92a which is substantially transverse to the longitudinal axis of the

stent and the bends 93 at the other end of the stent are in a second plane 93a

which is parallel to the first plane 92a and substantially transverse to the

longitudinal axis of the stent.

Figure 7B shows a skewed stent 95 which is in the form of a series of

struts 96 and bends 97 at one end and 98 at the other end. The bends 97 form a

plane 97a which is at an angle to the longitudinal axis of the stent graft and the

bends 98 lie in a plane 98a which is at an angle to the longitudinal axis and

substantially parallel to the plane 97a of the bends 97. Both the planes 97a and

98a are at an angle to normal planes 97b and 98b respectively at each end of the

stent graft and are substantially parallel to each other.

Stent 100 in Figure 7C is a half tapered stent with the bends 102 at one

end being in a plane 102a which is substantially transverse or normal to the

longitudinal axis of the stent graft but the bends 104 being in a plane 104a which

is at an angle to the longitudinal axis of the stent graft. The plane 104a is at an

angle to normal plane 104b and 102a respectively at each end of the stent graft.

Figure 7D shows a stent 105 which is tapered on both ends such that the



bends 106 form a first plane 106a which is at an angle and the bends 107 form a

plane 107a which is at another angle. Both the planes 106a and 107a are at an

angle to normal planes 106b and 107b respectively at each end of the stent graft.

The wire which forms the stents can be stainless steel or Nitinol tm or any

other suitable material.

Figures 8 and 9 show an alternative embodiment of a stent graft

incorporating stents according to the present invention. In this embodiment the

stent graft 120 has a tubular body 122 which at rest is substantially straight.

The tubular body is supported by a plurality of stents comprising tapered stents

124 and straight stents 126. The stents are fastened to the tubular body by

stitching or other suitable means. The stents 124 and 126 can be on the inside

or the outside of the tubular body 122. The tapered stents are fastened to the

tubular body so that their longest struts are on the same side 13 1 of the tubular

body at a common circumferential position on the tubular body. Between the

tapered stents 124 on that side 13 1 of the tubular body the spacing of stents

128 is less than the spacing 130 on a diametrically opposed side 133. This

means that when the stent graft is bent with the wider portions of the stent on

the outside of a curve such as in a curved vessel of the human or animal body the

material of the other side 133 with the wider spacing 130 can buckle more to

enable the stent graft to take up the curved shape.

When the stent graft 120 is deployed within a curved vessel of the human

or animal body with the longer struts of the stent on the outside of the curve the

stent graft can take up the configuration shown in Figure 9 . It will be noted that

the material of the stent graft buckles between the stents on the inside of the

curve 132.

Figure 10 shows an alternative embodiment of a stent graft according to

the present invention. The stent graft 132 according to the present invention

comprises a tubular body 134 of a biocompatible graft material with the tubular

body formed into a curve adjacent its proximal end 136 which approximates the

curve of the thoracic arch of an aorta of a patient. The tubular body 134 is

formed into the arcuate curve to define a outer curve 134a and an inner curve



134b. The tubular body towards the distal end 138 is substantially straight to

match the descending aorta of a patient. In this embodiment, the proximal-most

stent 140 is inside the tubular body 134 and the remainder of these stents are on

the outside of the tubular body.

In this embodiment, each of the stents 140, 142, 143 and 144 are of

similar cylindrical configuration and are not tapered being of the type shown in

Figure 7A. The stents 145, 146 and 147 are tapered with their longer sides 145a,

146a and 147a on the outer side 134a of the curved tubular body 134 and are of

the type shown in Figure 7D. The stents are affixed to the tubular body by

stitching or other suitable means (not shown). The spacing of the stents 145 and

146 is as shown by dimension 14 1 on the outer curve 134a is sufficient to enable

the tubular body 134 to be circumferentially twisted through substantially half a

turn between the stent 145 and the stent 146. Similarly the spacing of the

stents 146 and 147 is sufficient to enable the tubular body 134 t o be

circumferentially twisted through substantially half a turn between the stent 146

and the stent 147.

The proximal cylindrical stent 140 has a plurality of distally facing barbs

135 which when the stent graft is deployed and released with the thoracic arch

engage with the wall of the aorta and prevent distal migration of the stent graft.

Each of the stents 140, 145, 146, 147 and 142 has a radiopaque marker

150. On the cylindrical stents 140 and 142 the radiopaque marker 150 is

positioned so that it is on the outer curve of the stent graft when mounted onto

the stent graft. On the tapered stents 145, 146 and 147 the radiopaque marker

150 is positioned on the longest strut of each stent so that again it is on the outer

curve of the stent graft when mounted onto the stent graft. For the purpose of

assisting alignment of the radiopaque markers on the stents onto the tubular graft

material on the outer curve there may be provided on the graft material a

longitudinal line (not shown) aligned with the outer curve.

Alternatively the radiopaque markers can be placed on the shortest strut

and the line on the tubular graft material on the inner curve there may be provided

on the graft material a longitudinal line (not shown) aligned with the inner curve.



Figure 11 shows the stent graft of Figure 10 in a straightened and twisted

form as it would be mounted onto a deployment device according to the present

invention. In this state there would normally be a sheath holding the stent graft in

the compressed condition but the sheath has been omitted so that the stent graft

can be seen. The tubular body 134 of the stent graft 132 and each of the stents

140, 145, 146, 147, 142, 143 and 144 are radially compressed. Between the

stent 14 5 and the stent 146 the tubular body 134 is twisted circumferentially

through approximately half a turn 152 so that the radiopaque marker 150 on

stent 146 is on the other side of the tubular body. Between the stent 146 and

the stent 147 the tubular body 134 is twisted circumferentially through

approximately half a turn 154 so that the radiopaque marker 150 on stent 147 is

on the original side of the tubular body. The half a turn 154 is in the opposite

direction than the half a turn 152 so that during deployment the tubular body

distal of the stent 147 does not need to be rotated.

It will be noted that the stent 146 is nested between the stents 145 and

147 because of the taper angles coinciding after the stent 146 has been rotated

as discussed above.

Hence there is provided by this embodiment of the invention shown in

Figures 10 and 11 a stent graft which can be straightened for mounting onto and

delivery by an introduction system and when released will take up a curved shape

to conform to the curved shape of the vessel into which it is delivered.

Figures 12 to 17 show a schematic view of the thoracic arch and

descending aorta of a patient with a deployment device including a stent graft

according to the present invention deployed into the thoracic arch and the

sequential stages of deployment of the stent graft similar to that shown in Figures

10 and 11. In the arrangement shown in Figures 12 to 17, however, the twists

152 and 154 are in the same circumferential direction.

Figure 12 shows a schematic view of the aorta of a patient. The aorta

commences at the aortic valve 180 of the heart and an ascending aorta 182

extends to the arch vessels 183 at the thoracic arch 184 and then the descending

aorta 185 extends down the truck of the body of the patient. A guide wire 188



has been introduced to extend over thoracic arch towards aortic valve 180 and

over that guide wire has been advanced a deployment device 190. The

deployment device 190 includes a nose cone dilator 192 and a sheath 194

extending up to the nose cone dilator. The sheath 194 is shown transparent so

that the stent graft 132 and stents 140, 145 and 146 restrained in a contracted

condition within the introduction device and the radiopaque markers 150 can be

seen.

The introducer 190 is advanced to the desired placement site for the stent

graft and rotated so that the opaque marker 150 on the first stent 140 and

second stent 145 from the proximal end 136 are on the outer side of the curve as

can be seen by the position of the radiopaque markers 150.

The next stage is shown in Figure 13 .

In Figure 13 the sheath 194 of the introduction device 190 has been

retracted as shown by the arrow 187 so that the first stent 140 and second stent

145 are released from the sheath. At this stage the proximal end 136 of the stent

graft is still retained onto the delivery device by a retention and release means

(not shown). It will be noted, too, that the twist 152 in the graft material

between the stent 145 and stent 146 can be seen.

In the next stage as shown in Figure 14 a release arrangement 196 (which

is mounted on a release handle (not shown) for the delivery device 190) for the

proximal end 136 of the stent graft 196 is actuated as shown by the arrow 189

so that the proximal end 136 expands to the diameter of the aorta and the barbs

135 engage into the wall of the aorta.

In the next stage as shown in Figure 15 the delivery device 190 is rotated

in a clockwise direction as shown by the arrow 19 1 to release the twist 152 and

to bring the marker 150 on the stent 146 to the outside of the curve. At this

stage, however, the stent 146 is still retained within the sheath 194.

In the next stage as shown in Figure 16 the sheath 194 of the delivery

device 190 is then retracted as shown by the arrow 193 to release the stent 146

so that it can expand to the diameter of the vessel. At this stage the twist 154

between the stent 146 and stent 147 is partially exposed. At this stage,



however, the stent 147 is still retained within the sheath 194.

The sheath 194 can again be rotated as shown by the arrow 195 to

release the twist 154 and bring the marker 150 on the stent 147 to the outside of

the curve. The sheath 194 of the deployment device 190 is then retracted so that

the stents 17 and 12, 13 and 14 are exposed as shown in Figure 17 . The entire

delivery device can then be removed leaving the stent graft in position in the

thoracic arch and descending aorta.

In an alternative arrangement where the twists 152 and 154 are formed in

opposite circumferential directions an alternative release arrangement can be

used. After the stage shown in Figure 14 when the proximal end of the stent

graft has been released to engage the walls of the vessel retraction of the sheath

194 with continued tension on the material of the stent graft will cause the stent

146 to rotate automatically t o its desired position with its longer struts on the

outside of the curve. This means that there does not have to be any rotation of

the delivery device between the release of the stents. This may be advantageous

where the vasculature is very distorted.

The degree of twist between adjacent stents may be greater or less than

half a turn. The number and pattern of twists may be selected as desired.

A method of loading a stent graft into an introducer sheath 194 of a

delivery system will now be described. After the proximal component trigger-

wires are routed and engaged, the straight z-stents of graft are loaded into the

introducer sheath in a conventional manner. The stent-graft is then loaded while

ensuring that the longitudinal indexing stripes are in line. A stent-crimper is

placed over a first wedge shaped stent and the stent is compressed.

In the next stage of the insertion process, the delivery system is rotated

through 180° until an indexing strip for the outside of the radius (e.g. green) is

brought into alignment with an indexing stripe for the inside of the radius (e.g.

red). The first wedge-shaped stent is then pulled into the delivery sheath. These

rotation and pulling steps are then repeated until the last wedge-shaped stent has

been loaded into the delivery sheath 194. The proximal barbed z-stent is then

loaded in the conventional manner.



Figure 18A shows an alternative embodiment of stent graft according to

the present invention. In this embodiment the stent graft 200 has the tapered

stents 202, 204 and 206 sewn onto the curved tubular body 201 with a slight

twist 207 engineered into the stent graft material t o compensate for the opposite

twist needed for nesting the stents in the delivery system when it is mounted into

the delivery system.

Figure 18B shows an alternative embodiment of stent graft according to

the present invention. In this embodiment the stent graft 2 10 the tapered stents

2 12, 2 14 and 2 16 sewn onto the curved tubular body 2 1 1 with directional

sewing 2 17 to allow the twisting needed for nesting stents in the delivery system

to extend under the stents 2 12, 2 14 and 2 16 .

Figure 18C shows an alternative embodiment of stent graft according to

the present invention. In this embodiment the stent graft 220 tapered stents 222,

224 and 226 are sewn into the curved tubular body 221 with a combination of

directional sewing stitches 227 and stitches 228a through eyelet 228 at the

bends at a first end of each stent. The stitching through each eyelet keeps the

first end of each stent in its selected place on the tubular body but enables

movement of graft material under each stent at the other end of each stent.

Figure 18D shows a still further embodiment of stent graft 230 according

to the present invention. In this embodiment the tapered stents 232, 234 and

236 are sewn into the curved tubular body 231 with stitches 238a through

eyelets 238 at the bends at a first end of each stent. The stitching through each

eyelet keeps the first end of each stent in its selected place on the tubular body

but enables movement of graft material under each stent at the second end of

each stent.

It will be seen that by this invention a stent graft assembly can be formed

which will more easily take up the form of a curved portion of a vasculature of a

patient.

The features of the various embodiments and modifications described may

be interchanged or combined as desired.



Claims

1. A stent member (2, 20, 120, 132, 200, 2 10, 220, 230) comprising a

plurality of axially spaced stent elements ( 10, 12, 13; 26, 32, 34, 36)

characterised in that the stent elements are configured to be capable of

movement relative to each other such that the stent member is capable of moving

between a first configuration in which it is substantially straight, and a second

configuration in which at least a part thereof is curved.

2 . A stent member (2, 20, 120, 132, 200, 2 10, 220, 230) according to claim

1, wherein one or more of the stent elements (26, 32, 34, 36; 62, 66, 72, 82,

84, 86; 95, 100, 105; 124; 145, 146, 147; 202, 204, 206; 2 12, 2 14, 2 16;

222, 224, 226; 232, 234, 236) each comprise a generally cylindrical body having

substantially planar ends defining respective planar transverse to the longitudinal

axis of the cylindrical body, wherein at least one of the planes is angled with

respect to a plane at right angles to the longitudinal axis of the cylindrical body

whereby the stent is tapered on one or both ends or is skewed.

3 . A stent member according to claim 1 or 2 comprising a tubular body (4;

134) of graft material, at least some of the stent elements (26, 32, 34, 36) being

located on the tubular body such that there is a greater distance between

adjacent stent elements on one side than on the other side of the tubular body.

4 . A stent member according t o claim 3 wherein at least some of the stent

elements are located on the tubular body (4; 134) such that the tubular body can

be twisted to move the stent elements relative to each other.

5 . A stent member according to claim 4 wherein, in regard to a first spacing

between stent elements, the stent elements are arranged so that the twist is

clockwise and, in regard to a second spacing between stent elements, the stent

elements are arranged so that the twist is anti-clockwise.

6 . A stent member according to any of claims 3 to 5, wherein at least some

of the stent elements (202, 204, 206; 2 12, 2 14, 2 16; 222, 224, 226; 232, 234,

236) are secured to the tubular body so as to permit relative movement

therebetween.

7 . A stent member according to claim 6, wherein the stent elements (202,



204, 206; 2 12, 2 14, 2 16; 222, 224, 226) are sewn to the tubular body in such a

way as to permit said relative movement.

8 . A stent member according to claim 6 or 7, wherein the stent elements

(222, 224, 226; 232, 234; 236) are attached t o the tubular body by attachment

means (228; 238) at or adjacent one end to permit said relative movement.

9 . A stent member according to any of claims 4 to 8 wherein at least some of

the stent elements have markers, the position of which can be detected.

10 . A stent (95, 100, 105) comprising a generally cylindrical body with

substantially planar ends defining respective planes (97a., 97b; 102a, 104a; 106a,

107a) transverse to the longitudinal axis of the cylindrical body wherein at least

one of the planes is angled with respect to a plane at right angles to the

longitudinal axis of the cylindrical body whereby the stent is tapered on one or

both ends or is skewed.

11. A stent graft (2, 20, 120, 132, 200, 2 10, 220, 230) for curved lumens of

the body, the stent graft comprising a tubular body (4; 134) of a graft material, at

least a portion of which is arcuate to define an inner curved side and an outer

curved side, the stent graft comprising a plurality of self expanding stents affixed

thereto and spaced apart along at least a portion of the tubular body, there being

a greater spacing apart between adjacent stents on the outer curved side than on

the inner curved side on at least the portion of the tubular body.

12 . A method of loading a stent graft ( 1 32), at least a part of which is

configured to be curved when deployed, into an introducer sheath ( 1 94), the

stent graft comprising a plurality of mutually-spaced stent elements ( 1 40-1 47)

attached t o a tubular body ( 1 34) of graft material, the method comprising

inserting the graft as far as one or more stent elements thereon into the sheath

and before inserting the next stent element into the sheath, twisting the graft

whereby to at least partially close up the gap between adjacent stent elements.
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