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A stent suitable for deployment in a blood vessel

Introduction

This invention relates to a stent suitable for deployment in a blood vessel to support

at least part of an internal wall of the blood vessel.

Statements of Invention

According to the invention there is provided a stent suitable for deployment in a

blood vessel to support at least part of an internal wall of the blood vessel, the stent

being movable between a delivery configuration and a deployment configuration.

In one embodiment of the invention the stent comprises a first region and a second

region, the radial stiffness of the first region being greater than the radial stiffness of

the second region. This arrangement reduces the area of the internal wall of the

blood vessel which has low wall shear stress, reduces the possibility of recirculation,

and reduces the risk of neointimal hyperplasia. Wall shear stress is generated on the

internal wall of a blood vessel by flow adjacent to the wall. Levels of mean wall

shear stress below 0.4 Pa have been shown to have a pathogenic effect on endothelial

cells which cover the inner surface of the arteries. Higher levels of wall shear stress,

for example greater than 1.5 Pa, have been associated with a reduction in levels of in-

stent restenosis. Preferably the radial stiffness varies gradually from the first region

towards the second region. Ideally the second region is closer to an end of the stent

than the first region. Most preferably the second region is located at an end of the

stent.

h one case the stent comprises a plurality of annular elements or crowns. Preferably

the longitudinal dimension of an annular element in the first region is less than the

longitudinal dimension of an annular element in the second region, hi this manner



the radial stiffness is reduced by increasing the longitudinal dimension of the annular

element. Ideally the longitudinal dimension of the annular element in the second

region is between 1% and 90% greater than the longitudinal dimension of the annular

element in the first region. Most preferably the longitudinal dimension of the annular

element in the second region is between 1% and 75% greater than the longitudinal

dimension of the annular element in the first region. The longitudinal dimension of

the annular element in the second region may be approximately 40% greater than the

longitudinal dimension of the annular element in the first region.

The thickness of the annular element in the first region may be greater than the

thickness of the annular element in the second region. In this manner the radial

stiffness is reduced by reducing the thickness of the annular element. In this

specification, the term 'thickness' will be understood to mean the dimension in the

radial direction.

The stent may comprise one or more connecting elements to connect a first annular

element to a second annular element. Preferably the connecting element extends

from the first annular element to the second annular element in a non-straight

configuration. Ideally the connecting element extends from the first annular element

to the second annular element in a substantially curved configuration.

The stent may comprise interconnected strut elements.

The annular element may comprise a plurality of interconnected strut elements.

Preferably the length of the strut element in the.first region is less than the length of

the strut element in the second region. In this manner the radial stiffness is reduced

by increasing the length of the strut element. Ideally the length of the strut element in

the second region is between 1% and 90% greater than the length of the strut element

in the first region. Most preferably the length of the strut element in the second

region is between 1% and 75% greater than the length of the strut element in the first



region. The length of the strut element in the second region may be approximately

40% greater than the length of the strut element in the first region.

The width of the strut element in the first region may be greater than the width of the

strut element in the second region. In this manner the radial stiffness is reduced by

reducing the width of the strut element. Preferably the width of the strut element in

the first region is between 2% and 50% greater than the width of the strut element in

the second region. Ideally the width of the strut element in the first region is between

10% and 30% greater than the width of the strut element in the second region. The

width of the strut element in the first region is approximately 20% greater than the

width of the strut element in the second region.

The thickness of the strut element in the first region may be greater than the thickness

of the strut element in the second region. In this manner the radial stiffness is

reduced by reducing the thickness of the strut element.

In one embodiment a first strut element is connected to a second strut element at a

connection point. Preferably the connecting element is connected to the annular

element at the connection point.

The thickness of the stent wall may be greater in the first region than in the second

region. For example, where the stent comprises annular elements, an annular

element in the first region may have a greater thickness than an annular element in

the second region. Where the annular elements comprise interconnected strut

elements, the strut elements in the first region may have a greater thickness than an

annular element in the second region.

Where an annular element is formed by interconnected strut elements, the

interconnected strut elements may have a zig-zag or sinusoidal configuration. Thus a

first strut element may extend longitudinally from left to right as it also extends in the

circumferential direction, w.hilst an adjacent second strut element may extend from



right to left as it also extends in the same circumferential direction. There may be a

defined connection point between adjacent strut elements, e.g. in a zig-zag

configuration, or a smoother transition between the two, e.g. in a sinusoidal

configuration.

Preferably the stent is non-woven.

In certain embodiments, when the stent is in use, in the deployment configuration and

in a blood vessel, the diameter of the stent reduces towards asrend of the stent. By

constructing the stent so that the diameter reduces towards an end of the stent in use,

good apposition of the stent to the vessel wall may be maintained. This may help to

regulate wall shear stress at the end of the stent which would otherwise occur due to a

sudden change in the cross sectional area. In conventional stents, there may be a step

change in the cross sectional area, i.e. a sudden increase, from an unstented part of

the vessel to the stented part. This may result in recirculation of the blood flow and

regions of low wall shear stress. If however, according to preferred embodiments,

the diameter of the stent reduces towards an end of the stent when it is deployed in a

vessel, then these disadvantages can be mitigated, i.e. the tendency for recirculation

can be reduced and regions of low wall shear stress can be minimised.

The diameter of the stent, when in the deployment configuration and in a blood

vessel, preferably tapers towards the end of the stent. By providing the end region of

the stent with a taper, the transition between the diameter of the unstented part of the

vessel and a wider diameter in the stented part of the vessel can be made gradual.

The reducing stent diameter towards an end thereof (e.g. a gradual tapering diameter)

may occur at one end of the stent, for example to manage the transition between the

unstented part of the vessel and the stented part at an inlet end or an outlet end of the

stent. A reducing stent diameter at the inlet helps to manage the flow as it enters the

stented part of the vessel, and is expected to be beneficial in reducing levels of in-

stent restenosis. A reducing stent diameter at the outlet helps to manage the flow as



it leaves the stented part of the vessel and in particular maybe beneficial in reducing

recirculation of the flow in the stented part, as well as improving the transition of the

flow into the vessel downstream of the stent.

Preferably, the stent diameter reduction is provided at both ends of the stent. With

this arrangement it may be possible to deploy the stent in a vessel without having to

consider which end will be the inlet and which end the outlet.

The stent may have a section adjacent to the reducing diameter end section, for

example a central section, which has a substantially constant diameter over the length

of the section.

The reduction in stent diameter towards an end thereof may be achieved in various

ways. One way is to vary the radial stiffness of the stent as discussed above. By

reducing the radial stiffness of the stent towards an end thereof, when the stent is in

the deployment configuration and is in a blood vessel, the reduced radial stiffness can

cause the diameter of the stent to reduce towards an end thereof.

The reduced radial stiffness may be achieved in the case of a stent made up of

annular elements by providing that the longitudinal dimension of an annular element

at an end of the stent is less than the longitudinal dimension of an annular element

further from the end. In certain preferred embodiments, the stent comprises a first

region and a second region, the radial stiffness of the first region being greater than

the radial stiffness of the second region and the second region being closer to an end

of the stent than the first region, the stent comprising a plurality of annular elements,

and the longitudinal dimension of an annular element in the first region being less

than the longitudinal dimension of an annular element in the second region.

The reduced radial stiffness of the stent may be achieved by varying the stent wall

thickness. The stent wall thickness may for example reduce towards an end of the



stent. If the stent comprises strut elements, the reduced radial stiffness may be

achieved by providing strut elements of reduced width.

In the preferred embodiments in which the stent diameter reduces towards an end of

the stent when the stent is in the deployed configuration and is in a blood vessel, the

reduction in diameter may be provided by constructing the stent so that when it is in

the deployment configuration and not constrained in a blood vessel, the stent

diameter reduces towards the end of the stent. Thus the actual stent diameter, when

not installed in a vessel, may reduce towards the end of the stent. The variation in

diameter may be achieved by forming the stent with a tooling which has the same

distribution of diameter as is desired on the finished stent. If the stent has a curvature

(for example with the longitudinal axis of at least at least a section curved in three-

dimensional space), the tooling may have the desired curvature as well as distribution

of diameter.

A combination of variation in radial stiffness and variation in stent diameter could

also be used to achieve the desired effect that the diameter of the stent reduces .

towards an end of the stent when it is in the employment configuration and in a

vessel. For example, a stent with a reduced diameter portion and also reduced radial

stiffness could be used. The reduced radial stiffness could be due to a longer

longitudinal dimension of an end annular element, or a reduced stent wall thickness

(e.g. decreased strut thickness). This combination would achieve a greater tapering

effect than by just varying the radial stiffness, or by just varying the diameter of the

stent when not constrained in a vessel.

It is generally desirable that the tapering effect at an end of the stent should be

gradual. Thus, blood may flow along an unstented part of the vessel of a given

diameter, and then as it flows into the stented part at an inlet end of the stent the

diameter will preferably increase gradually. At the outlet end, a taper will ensure that

the vessel diameter decreases gradually towards the unstented vessel at the outlet end.

If the stent comprises a plurality of annular-elements, it is preferred that at least three



of such elements in a longitudinal row have different properties to provide a taper. If

there are only two annular elements with different properties then the change in

diameter may not be as gradual as is preferred. The different properties of the

annular element may be different radial stiffnesses or different diameters (when the

stent is not constrained in a vessel), or a combination of the two.

In one case in the deployment configuration the longitudinal axis of at least a section

of the stent is curved in three-dimensional space. When the stent is deployed in the

blood vessel, the stent exerts force on the blood vessel causing at least part of the

longitudinal axis of the blood vessel to curve in three-dimensional space. Blood

flowing through the three-dimensional curved part of the blood vessel then undergoes

a swirling action. The swirling flow of blood has been found to minimise thrombosis

and platelet adhesion, and to minimise or prevent coverage of the stent by ingrowth

of intima. The flow pattern in the blood vessel including the swirling pattern induced

by the non-planar geometry of the blood vessel operates to inhibit the development of

vascular diseases such as thrombosis/atherosclerosis and intimal hyperplasia. In the

deployment configuration the three-dimensional curved section may be substantially

helically shaped. In the deployment configuration the three-dimensional curved

section may be substantially spiral shaped. In the delivery configuration the

longitudinal axis of the three-dimensional curved section may be substantially

straight. Ideally in the delivery configuration the three-dimensional curved section is

substantially cylindrically shaped. The cylindrical shape provides a low-profile for

ease of delivery.

In the deployment configuration the longitudinal axis of at least a section of the stent

may be substantially straight. Most preferably in the deployment configuration the

straight section is substantially cylindrically shaped.

At least a section of the stent may have a helical angle which varies along the length

of the section. This arrangement reduces the area of the internal wall of the blood

vessel which has low wall shear stress, reduces the possibility of recirculation, and



reduces the risk of neointimal hyperplasia. Preferably the helical angle varies

gradually along the length of the varying helical angle section. The helical angle at

one end of the varying helical angle section maybe in the range of from 5° to 60°.

Preferably the helical angle at one end of the varying helical angle section is in the

range of from 15° to 45°. Ideally the helical angle at one end of the varying helical

angle section is approximately 30°. The helical angle at the other end of the varying

helical angle section may be approximately 0°. The helical angles discussed herein

are those when the stent is in its deployment configuration but not constrained by

being in a vessel. When the stent is in a vessel there may be a tendency for it to be

straightened out and hence a reduction in the helix angle.

The stent may comprise a first end section and a second end section. Preferably the

longitudinal axis of the first end section is substantially parallel to the longitudinal

axis of the second end section. Ideally the longitudinal axis of the first end section is

substantially co-linear with the longitudinal axis of the second end section.

The invention provides in one case a stent having varying radial stiffness. The radial

stiffness may be less at one end or both ends. The stiffness may be reduced by

reducing the stent wall thickness, for example the strut thickness. The radial stiffness

may be tapered towards the end of the stent. In this manner arterial injury at the stent

ends may be reduced or avoided. The invention may also help to regulate wall shear

stress at the inlet and outlet which may occur due to a sudden change in cross

sectional area.

Brief Description of the Drawings

The invention will be more clearly understood from the following description of

some embodiments thereof, given by way of example only, with reference to the

accompanying drawings, in which:



Fig. 1 is a side view of a stent according to the invention in a deployment

configuration,

Fig. 2 is a schematic isometric view to illustrate definition of a helical angle,

Fig. 3 is a side view of part of the stent of Fig. 1 in the deployment configuration

before deployment in a blood vessel,

Fig. 4 is a side view of the part of the stent of Fig. 3 in the deployment configuration

after deployment in a blood vessel,

Fig. 5 is a side view of part of the stent of Fig. 1 in a delivery configuration,

Fig. 6 is a side view of part of the stent of Fig. 1 in the deployment configuration,

Fig. 7 is a side view of part of another stent according to the invention in the

deployment configuration,

Fig. 8 is a side view of part of the stent of Fig. 1 in the deployment configuration,

Figs. 9 to 13 are side views of other stents according to the invention in the

deployment configuration,

Fig. 14 is a side view of another stent according to the invention in the delivery

configuration,

Fig. 15 is a side view of the stent of Fig. 14 in the deployment configuration,

Figs. 16 and 17 are side views of other stents according to the invention in the

deployment configuration, and



Figs 18, 19 and 20 are side views of parts of other stents according to the invention in

the deployment configuration.

Detailed Description

Referring to the drawings, and initially to Fig. 1 thereof, there is illustrated a stent 1

according to the invention. The stent 1 is suitable for deployment in a blood vessel to

support at least part of an internal wall of the blood vessel.

The stent 1 comprises a central section 2, a first intermediate section 3, a first end

section 4, a second intermediate section 5, and a second end section 6. The first

intermediate section 3 connects the central section 2 and the first end section 4 .

Similarly the second intermediate section 5 connects the central section 2 and the

second end section 6.

The stent 1 is movable between a collapsed delivery configuration and an expanded

deployment configuration (Fig. 1). In the delivery configuration the longitudinal axis

of the central section 2 is substantially straight. In particular in the delivery

configuration the central section 2, the first intermediate section 3, the first end

section 4, the second intermediate section 5, and the second end section 6 are all

cylindrically shaped. In the deployment configuration the longitudinal axis of the

central section 2 is curved in three-dimensional space. In the deployment

configuration the longitudinal axis of the first end section 4 and the longitudinal axis

of the second end section 6 are both substantially straight. In particular in the

deployment configuration the central section 2 is helically shaped, while the first end

section 4 and the second end section 6 remain cylindrically shaped (Fig. 1).

In this case the stent 1 is of a shape memory material such as Nitinol. It will be

appreciated that the stent 1 may alternatively be of other materials, such as 316 L

stainless steel.



In the delivery configuration and in the deployment configuration, the longitudinal

axis of the first end section 4 is parallel to and co-linear with the longitudinal axis of

the second end section 6, as illustrated in Fig. 1.

Fig. 1 illustrates the blended regions 3, 5, and the helical region 2. The stent and

vessel centrelines are co-linear.

In an alternative arrangement, the longitudinal axis of the first end section may be

parallel to and offset from the longitudinal axis of the second end section.

The first intermediate section 3 has a helical angle a which varies gradually along the

length of the first intermediate section 3 from the central section 2 towards the first

end section 4. Similarly the second intermediate section 5 has a helical angle α

which varies gradually along the length of the second intermediate section 5 from the

central section 2 towards the second end section 6. Each intermediate section 3, 5

acts as a blended region to provide a smooth transition from the helical shape of the

central section 2 to the cylindrical shape of the unstented blood vessel.

The helical angle α at the central section 2 may be in the range of from 5° to 60°,

preferably in the range of from 15° to 45°, and in this case is approximately 30°.

The definition of the helical angle α is illustrated in Fig. 2. Consider the helical line

7 shown in Fig. 2. Every helical line may be described by the radius r of the cylinder

it lies on and the helical angle α. The helical angle α is described as the angle

subtended by a parallel line 8 and a tangential line 9. The parallel line 8 is a line

lying on the cylinder and parallel to the centreline of the cylinder. The tangential line

9 is a line tangential to the helical line 7 at the point of intersection 10 of the parallel

line 8 and the helical line 7 .



In this case the helical angle α varies from approximately 30° at the central section 2

to approximately 0° at the end sections 4, 6. The length of each intermediate section

3, 5 is approximately 22 mm in this case.

The stent diameter may be in range of from 2 mm to 20 mm. In this case the stent

diameter is approximately 6 mm.

It will be appreciated that the intermediate sections 3, 5 may have a range of helical

angles and may have a range of diameters.

The definition of the helical line 7 defines the centreline path of the final forming

tool geometry and therefore has a significant effect on the stent shape. The stent

forming tool has a helical section towards its centre and blended regions at the

proximal and distal ends. The centreline of the forming tool has a helical and

blended region.

In this case the forming tool has a constant diameter and a constant cross-section over

its length.

After deployment of the stent 1, the stent 1 adjusts the geometry of the blood vessel

into a helical pattern. The curvature of the intermediate sections 3, 5 is matched to

that of the vessel centreline, as shown in Fig. 1.

Fig. 1 illustrates the stent 1 co-linear with the blood vessel. The blended regions 3, 5

match the rate of change of centreline curvature from the helical region 2 to the

straight blood vessel.

Fig. 5 illustrates the stent 1 in the collapsed state.



As illustrated in Fig. 6, the stent 1 comprises a plurality of annular elements or

crowns 11, and a plurality of connecting elements 12 to connect adjacent annular

elements 11.

Each annular element 11 extends around the circumference of the stent 1. Each

annular element 11 comprises a plurality of interconnected strut elements 13.

Adjacent strut elements 13 are connected together at connection points 14.

Each connecting element 12 may extend from a first annular element 11 to a second

annular element 11 in a straight configuration, or in a curved 'Z' shaped

configuration. Each connecting element 12 is connected to the annular element 11 at

a connection point 14'.

It will be appreciated that the stent of the invention may have a variety of possible

patterns.. For example the connecting element 12 may extend from a first annular

element 11 to a second annular element 11 in a curved 'S' shaped configuration. The

connecting element 12 between the penultimate annular element 11 and the final

annular element 11 may comprise a 'V shaped portion.

The radial stiffness of the stent 1 varies gradually along part of the length of the stent

1, as illustrated in Fig. 8. In particular the radial stiffness of the end region 16 of the

stent 1 is less than the radial stiffness of a first region 17 located further in from the

end of the stent 1. The radial stiffness of the stent 1 varies gradually from the first

region 17 towards the end region 16.

In this case the first region 17 is located approximately 8 mm from the end region 16.

The variation in radial stiffness may be achieved by.a variety of different means.

For example the longitudinal dimension of the annular element 11 in the first region

17 may be less than the longitudinal dimension of the annular element 11 in the end



region 16, as illustrated in Fig. 6. The longitudinal dimension of the annular element

11 in the end region 16 may be between 1% and 90% greater than the longitudinal

dimension of the annular element 11 in the first region 17, preferably between 1%

and 75% greater, and in this case is approximately 40% greater. Similarly the length

of the strut elements 13 in the first region 17 may be less than the length of the strut

elements 13 in the end region 16. The length of the strut elements 13 in the end

region 16 may be between 1% and 90% greater than the length of the strut elements

13 in the first region 17, preferably between 1% and 75% greater, and in this case is

approximately 40% greater.

Fig. 6 illustrates the variation in radial stiffness using strut length.

As another example the width of the strut elements 13 in the first region 17 maybe

greater than the width of the strut elements 13 in the end region 16, as illustrated in

Fig. 7. The width of the strut elements 13 in the first region 17 may be between 2%

and 50% greater than the width of the strut elements 13 in the end region 16,

preferably between 10% and 30% greater, and in this case is approximately 20%

greater.

Fig. 7 illustrates the variation in radial stiffness using strut width.

As another example the thickness of the annular element 11 in the first region 17 may

be greater than the thickness of the annular element 11 in the end region 16.

Similarly the thickness of the strut elements 13 in the first region 17 may be greater

than the thickness of the strut elements 13 in the end region 16.

Prior to delivery when the stent 1 is outside of the blood vessel, the stent 1 has a

constant diameter from the first region 17 to the end region 16, as illustrated in Fig.

3. After deployment of the stent 1 in the blood vessel, the stent 1 has a tapered

configuration with a gradually reducing diameter from the first region 17 to the end

region 16, as illustrated in Fig. 4, due to the variation in radial stiffness.



Fig. 3 illustrates the stent 1 before deployment with no taper evident at the stent end

16. Fig. 4 illustrates the stent 1 after deployment with the taper evident at the stent

end 16.

The variation in radial stiffness along part of the length of the stent 1 reduces the area

of blood vessel wall which has low wall shear stress, reduces the possibility of

recirculation, and reduces the risk of neointimal hyperplasia. Levels of mean wall

shear stress below 0.4 Pa have been shown to have a pathogenic effect on endothelial

cells which cover the inner surface of the arteries. Higher levels of wall shear stress,

for example greater than 1.5 Pa, have been associated with a reduction in levels of in-

stent restenosis.

An alternative arrangement of sudden expansion from a stent to a blood vessel may

lead to poor performance in terms of wall shear. The invention addresses this

problem by gradually changing the diameter of the stent 1 at the ends. By varying the

radial stiffness of the stent 1 the invention ensures that good apposition of the stent 1

to the vessel wall is maintained. A number of approaches are possible to achieve the

diameter increase at the stent ends in a gradual manner. The strut cross section may

be reduced towards the stent ends, and/or the strut length may be increased towards

the stent ends.

The radial stiffness is proportional to the strut width. As the strut width increases the

radial force increases. The radial stiffness is inversely proportional to the strut

length. As the strut length decreases the radial force increases.

No recirculation region occurs with the stent 1 with tapering radial stiffness. A

recirculation region would arise at the proximal end of a non-tapered stent with

constant radial stiffness due to the sudden area change at the proximal end.



Increasing the length of the tapered region reduces the surface area of wall shear

stress below 0.4 Pa. .

The stent 1 has the blended regions 3, 5 and is tapered, In this manner the levels of

wall shear stress are significantly improved. The regions of low wall shear stress are

associated with in-stent restonosis. Therefore increasing the wall shear stress reduces

the levels of in-stent restonosis. The tapering is achieved by varying the radial

stiffness at the proximal and distal ends of the stent 1.

The invention includes a taper on the intermediate sections 3, 5. The taper is

achieved by changing the radial stiffness. The rate of expansion of the taper is

constant over the overall taper length. In this case the expansion is from a 5 mm

vessel to a 6 mm stented diameter.

The effect of the taper on the blended region wall shear stress is as follows.

By including the tapering section at the proximal end of the stent 1, the region of low

wall shear stress below 0.4 Pa is reduced when compared with a sudden expansion

into a helical stent which would result in a large region of low wall shear stress at the

proximal end of the stent due to the sudden area change from the 5 mm to 6 mm

blood vessel.

The surface area below 0.4 Pa may be used as a metric to evaluate the performance of

a tapered stent. Increasing the length of the taper on the blended regions 3, 5 reduces

the surface area of wall shear stress below 0.4 Pa.

The first four crowns 11 may have reducing strut width. The last crown 11 may have

longer strut length, thus helping to achieve the desired low radial stiffness without

reducing the strut width.



In use, the stent 1 is arranged in the collapsed delivery configuration with the central

section 2, the first intermediate section 3, the first end section 4, the second

intermediate section 5, and the second end section 6 all cylindrically shaped. When

the stent 1 is outside of the blood vessel, the stent 1 has a constant diameter from the

first region 17 to the end region 16, as illustrated in Fig. 3 . The stent 1 is delivered

through a blood vessel to the desired site of treatment. The stent 1 is then moved

from the delivery configuration to the expanded deployment configuration to support

at least part of an internal wall of the blood vessel. In the deployment configuration

the central section 2 is helically shaped, and the first end section 4 and the second

end section 6 are cylindrically shaped. After deployment of the stent 1 in the blood

vessel, the stent 1 has a tapered configuration with a gradually reducing diameter

from the first region 17 to the end region 16, as illustrated in Fig. 4, due to the

variation in radial-stiffness.

When the stent 1 is deployed in the blood vessel, the stent 1 exerts force on the blood

vessel causing at least part of the longitudinal axis of the blood vessel to curve in

three-dimensional space. In this manner the stent 1 acts to support at least part of the

internal wall of the blood vessel curved in three-dimensional space. Blood flowing

through the three-dimensional curved part of the blood vessel then undergoes a

swirling action. The swirling flow of blood has been found to minimise thrombosis

and platelet adhesion, and to minimise or prevent coverage of the stent 1 by ingrowth

of intima. The flow pattern in the blood vessel including the swirling pattern induced

by the non-planar geometry of the blood vessel operates to inhibit the development of

vascular diseases such as thrombosis/atherosclerosis and intimal hyperplasia.

It will be appreciated that the shape of the stent may be varied.

For example, as illustrated in Fig. 9, the central section 2 may be shorter in length

than each of the intermediate sections 3, 5.



As illustrated in Fig. 10, the stent may comprise the first intermediate section 3, the

first end section 4, the second intermediate section 5, and the second end section 6.

In this case the stent does not include a central section.

As illustrated in Fig. 11, the stent may comprise the central section 2, the first

intermediate section 3, and the second intermediate section 5. In this case the stent

does not include a first end section, or a second end section.

As illustrated in Fig. 12, the central section 2 maybe shorter in length than each of

the intermediate sections 3, 5.

As illustrated in Fig. 13, the stent may comprise the first intermediate section 3, and

the second intermediate section 5. In this case the stent does not include a central

section, or a first end section, or a second end section.

It will be appreciated that in the deployment configuration the central section may

have a piecewise helical shape, as illustrated in Figs. 14 and 15. The stent may be

formed of a series of annular elements in the form of short crown-shaped elements.

Adjacent crowns are arranged in series and are linked by connector elements forming

a tubular structure. Each crown is mostly cylindrical in shape having a straight

centreline. The centreline of a straight stent is defined by a series of crown

centrelines arranged in a co-linear fashion, as illustrated in Fig. 14. In certain

embodiments of a three-dimensional stent, the crown centreline segments are no

longer co-planar. In one such embodiment the stent centreline forms a piecewise

linear three-dimensional curve. In another such embodiment the stent centreline is a

series of discontinuous line segments, as illustrated in Fig. 15.

The central section may have an alternative shape, for example in the deployment

configuration the central section may be substantially spiral shaped. Similarly the

intermediate section may have an alternative shape, for example in the deployment

configuration the intermediate section maybe substantially spiral shaped.



As illustrated in Fig. 16, the stent may comprise the first intermediate section 3, and

the first end section 4 . In this case the stent does not include a central section, or a

second intermediate section, or a second end section. In the deployment

configuration the first intermediate section 3 is substantially spiral shaped.

As illustrated in Fig. 17, the stent may comprise the first intermediate section 3 only.

In this case the stent does not include a central section, or a first end section, or a

second intermediate section, or a second end section. In the deployment

configuration the first intermediate section 3 is substantially spiral shaped.

The embodiments of Figures 18, 19 and 20 are stents which when in the deployment

configuration and not constrained in a blood vessel have a diameter which reduces

towards the end of the stent.

The stent 1 shown in Figure 18 has a cylindrical geometry when in the deployment

configuration. The stent has a central section 2 and an end section 4. The diameter

of the end section 4 reduces from the diameter of the central section 2 to a smaller

diameter at the end 16 of the stent. The end section 4 is thus tapered or conical. The

stent 1 is made up of annular elements 11, each annular element being formed of strut

elements 13 in a zig-zag shape, and adjacent annular elements being connected by

connecting elements 12.

The stent 1 of Figure 19 has a central section 2, an intermediate section 3 and an end

section 4. As in the case of the Figure 18 stent, the stent is made up of annular

elements 11 each formed of interconnected strut elements 13, with the annular

elements 11 being connected by connecting elements 12. In this case, the central

section 2 has a longitudinal axis which is curved in three-dimensional space, e.g.

helical. This is connected to the intermediate section 3 which is of straight

cylindrical form, and section 3 is in turn connected to end section 4 which is tapered,

having a reducing diameter towards the end 16 of the stent.



In the case of the stent of Figure 20, this has a central section 2 with a longitudinal

axis curved in three-dimensional space, e.g. helical, which is connected to an end

section 4 which is tapered. In this case, the end section 4, as well as being tapered,

has a longitudinal axis which is curved in three-dimensional space.

When a stent according to Figure 18 or Figure 19 or Figure 20 is deployed in a blood

vessel, its diameter will be reduced along its length by the constraining action of the

vessel. At the stent end 16, however, the diameter may not be reduced at all by the

constraining action, or rriay be reduced only slightly, thereby avoiding a sharp change

in the flow lumen of the stent between the unstented part and the stented part.

Rather, a gradual change is provided over the length of the end section 4.

The other ends of the stents of Figures 18 or 19 or 20 are not shown but may also

have a taper and possibly the same construction as the ends which are shown.

The invention is not limited to the embodiments hereinbefore described, with

reference to the accompanying drawings, which may be varied in construction and

detail.



Claims

1. A stent suitable for deployment in a blood vessel to support at least part of an

internal wall of the blood vessel, the stent being movable between a delivery

configuration and a deployment configuration.

2. A stent as claimed in claim 1, wherein the stent comprises a first region and a

second region, the radial stiffness of the first region being greater than the

radial stiffness of the second region.

3. A stent as claimed in claim 2, wherein the radial stiffness varies gradually

from the first region towards the second region.

4 . A stent as claimed in claim 2 or 3, wherein the second region is closer to an

end of the stent than the first region.

5. A stent as claimed in claim 4, wherein the second region is located at an end

of the stent.

6. A stent as claimed in any of claims 1 to 5, wherein the stent comprises a

plurality of annular elements.

7. A stent as claimed in claim 6, when dependent on claim 2, wherein the

longitudinal dimension of an annular element in the first region is less than

the longitudinal dimension of an annular element in the second region.

8. A stent as claimed in claim 7, wherein the longitudinal dimension of the

annular element in the second region is between 1% and 90% greater than the

longitudinal dimension of the annular element in the first region.



9 . A stent as claimed in claim 8, wherein the longitudinal dimension of the

annular element in the second region is between 1% and 75% greater than the

longitudinal dimension of the annular element in the first region.

10. A stent as claimed in claim 9, wherein the longitudinal dimension of the

annular element in the second region is approximately 40% greater than the

longitudinal dimension of the annular element in the first region.

11. A stent as claimed in any of claims 2 to 10, when dependent on claim 2,

wherein the thickness of a stent wall in the first region is greater than the

thickness of a stent wall in the second region.

12. A stent as claimed in any of claims 6 to 11, when dependent on claim 6,

wherein the stent comprises one or more connecting elements to connect a

first annular element to a second annular element.

13. A stent as claimed in claim 12, wherein the connecting element extends from

the first annular element to the second annular element in a non-straight

configuration.

14. A stent as claimed in claim 13, wherein the connecting element extends from .

the first annular element to the second annular element in a substantially

curved configuration.

15. A stent as claimed in any of claims 6 to 14, when dependent on claim 6,

wherein the annular element comprises a plurality of interconnected strut

elements.

16. A stent as claimed in claim 15, wherein the length of the strut.element in the

first region is less than the length of the strut element in the second region.



17. A stent as claimed in claim 16, wherein the length of the strut element in the

second region is between 1% and 90% greater than the length of the strut

element in the first region.

18. A stent as claimed in claim 17, wherein the length of the strut element in the

second region is between 1% and 75% greater than the length of the strut

element in the first region.

19. A stent as claimed in claim 18, wherein the length of the strut element in the

second region is approximately 40% greater than the length of the strut

element in the first region.

20. A stent as claimed in any of claims 15 to 19, wherein the width of the strut

element in the first region is greater than the width of the strut element in the

second region.

2 1. A stent as claimed in claim 20, wherein the width of the strut element in the

first region is between 2% and 50% greater than the width of the strut element

in the second region.

22. A stent as claimed in claim 2 1, wherein the width of the strut element in the

first region is between 10% and 30% greater than the width of the strut

element in the second region.

23. A stent as claimed in claim 22, wherein the width of the strut element in the

first region is approximately 20% greater than the width of the strut element

in the second region.

24. A stent as claimed in any of claims 15 to 23, wherein the thickness of the strut

element in the first region is greater than the thickness of the strut element in

the second region.



25. A stent as claimed in any of claims 15 to 24, wherein a first strut element is

connected to a second strut element at a connection point.

26. A stent as claimed in claim 25, wherein the connecting element is connected

to the annular element at the connection point.

27. A stent as claimed in any of claims 1 to 26, wherein, in use, when the stent is

in the deployment configuration and is in a blood vessel, the diameter of the

stent reduces towards an end of the stent.

28. A stent as claimed in any of claims 1 to 27, wherein the diameter of the stent,

when in the deployment configuration and in a blood vessel, tapers towards

an end of the stent.

29. A stent as claimed in any of claims 1 to 28, wherein the diameter of the stent,

when in the deployment configuration and not constrained in a blood vessel,

reduces towards an end of the stent.

30. A stent as claimed in any of claims 1 to 29, wherein in the deployment

configuration the longitudinal axis of at least a section of the stent is curved

in three-dimensional space.

31. A stent as claimed in claim 30, wherein in the deployment configuration the

three-dimensionally curved section is substantially helically shaped.

32. A stent as claimed in claim 30 or 31, wherein in the deployment configuration

the three-dimensionally curved section is substantially spiral shaped.

33 . A stent as claimed in any of claims 30 to 32, wherein in the delivery

configuration the longitudinal axis of the three-dimensionally curved section

is substantially straight.



34. A stent as claimed in claim 33, wherein in the delivery configuration the

three-dimensionally curved section is substantially cylindrically shaped.

35. A stent as claimed in any of claims 1 to 34, wherein in the deployment

configuration the longitudinal axis of at least a section of the stent is

substantially straight.

36. A stent as claimed in claim 35, wherein in the deployment configuration the

straight section is substantially cylindrically shaped.

37. A stent as claimed in any of claims 1 to 36, wherein at least a section of the

stent has a helical angle which varies along the length of the section.

38. A stent as claimed in claim 37, wherein the helical angle varies gradually

along the length of the varying helical angle section.

39. A stent as claimed in claim 37 or 38, wherein the helical angle at one end of

the varying helical angle section is in the range of from 5° to 60°.

40. A stent as claimed in claim 39, wherein the helical angle at one end of the

varying helical angle section is in the range of from 15° to 45°.

41. A stent as claimed in claim 40, wherein the helical angle at one end of the

varying helical angle section is approximately 30°.

42. A stent as claimed in any of claims 37 to 4 1, wherein the helical angle at the

other end of the varying helical angle section is approximately 0°.

43. A stent as claimed in any of claims 1 to 42, wherein the stent comprises a first

end section and a second end section.



44. A stent as claimed in claim 43, wherein the longitudinal axis of the first end

section is substantially parallel to the longitudinal axis of the second end

section.

45. A stent as claimed in claim 44, wherein the longitudinal axis of the first end

section is substantially co-linear with the longitudinal axis of the second end

section.
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