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Fig. 2

(57) Abstract: A tubular stent (1) has first and second ends (2,3) and a longitudinal axis (4) therebetween. The tubular stent (1) is 
formed from a network of struts which defines a cylindrical surface about the longitudinal axis (4), the struts delineating a plurality 
of cells [23, 30, 31, 32, 33) within the network, there being rows of cells parallel to the longitudinal axis (4). At least one cell in 
each row is a nodal cell (23). There is an increase in the maximum length parallel to the longitudinal axis (4) of cells from the at 
(east one nodal cell (23) to a first distal cell (30) hi the row that is closer to the first or second end (2, 3) of the tubular stent (1). 
There is a second distal cell (31) in the row which has a different maximum length parallel to the longitudinal axis (4) from the nodal 
cell (23) and the first distal cell (30). The network of struts comprises a plurality of circumferential rings (6, 6’, 9, 9', 13, 13', 16, 16', 
17, 17'). Each ring (6, 6', 9, 9', 13, 13', 16, 16', 17, 17') extends perpendicularly to the longitudinal axis (4) and the rings are located 
adjacent to each other parallel to the longitudinal axis (4) to define the cylindrical surface. The circumferential rings (6, 6', 9, 9', 13, 
13', 16, 16', 17, 17') are of a wave form. Each circumferential ring (6, 6', 9, 9', 13, 13', 16, 16', 17, 17') has an amplitude parallel to 
the longitudinal axis (4), such that each wave form comprises a plurality of peaks (7, 10, 14, 18, 20) which extend towards the axial 
centre (5) of the tubular stent (1) and a plurality of troughs (8, 12, 29, 21, 36) which extend away from the axial centre (5) of the tu - 
bular stent (1).
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Field of the Invention

The present invention relates to a stent and, in particular, a stent of tubular 

construction that is of a type that may be implanted within a vessel or passage of a 

patient.

Background of the Invention

There are many medical situations where it is necessary or desirable to implant a 

stent within a patient in order to prevent or counteract a constriction in a naturally 

occurring vessel or passage, in this context, a “stent” is an artificial tubular structure 

which is able to apply force radially outwardly on a vessel or passage of a patient in 

order to maintain patency of the vessel or passage and permit fluid flow through the 

vessel or passage.

The most common procedure in which a stent is implanted in a patient is implantation 

in a coronary artery which has become partially blocked or occluded (referred to as 

being “stenosed”) by a lesion or plaque. In this procedure, a stenosed coronary artery 

is opened through an angioplasty procedure in which a crimped stent is introduced 

into the stenosed artery and the stent is expanded within the artery, for example, by 

using a balloon on a catheter. Expansion of the stent compresses the lesion or 

plaque blocking the coronary artery and allows blood to flow through the artery 

without constriction. As part of the procedure, the stent is left in place in the artery, in 

expanded form, in order to maintain the patency of the artery. In some procedures, 

prior to implantation of the stent, a pre-dilation step is carried out by expanding a 

balloon on a catheter within the section of the coronary artery affected by the lesion 

in order to compress the lesion or plaque prior to insertion of the stent. Vascular 

stents are also used in other blood vessels aside from coronary arteries and the 

implantation procedure is similar.

One of the main requirements of a vascular stent is that it can be enlarged from a 

crimped configuration which has a sufficiently small radial diameter in order to be 

guided in an angioplasty procedure, to an expanded configuration in which the 

exterior surface of the stent contacts and engages with the inner surface of the blood
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vessel. Moreover, in the expanded configuration, the stent must have sufficient 

radial strength in order to maintain the lumen of the blood vessel open. There are 

various different forms of construction of vascular stents but a common form is a 

metal mesh stent in which the stent comprises a network of struts which delineate a 

plurality of cells within the network. The struts are hinged or otherwise deformable 

with respect to each other which permits expansion of the stent after implantation. 

However, more recently, mesh stents have been made from other materials such as 

biodegradable polymers.

One problem with mesh stents is that of “arterial recoil”. After a mesh stent has been 

expanded, the stent may not have sufficient radial strength to withstand the radially 

inward force of the blood vessel such that the stent is squeezed and the blood vessel 

constricts. There are various solutions to this problem, although none is ideal. For 

example, one solution is to reduce the cell size of the mesh which directly increases 

the radial strength of the stent. However, the problem with this approach is that 

decreasing the cel! size reduces the flexibility of the stent which can make 

implantation of the stent difficult because blood vessels are not perfectly cylindrical in 

shape and thus the natural conformation of a blood vessel may be lost when the 

stent is implanted.

Another solution is to increase the thickness of the strut size. However, there is 

evidence that suggests that the thicker the struts of a mesh stent, the greater the 

likelihood of restenosis after implantation of the stent.

The problem of arterial recoil in mesh stents can occur with metal mesh stents but is 

particularly a problem with polymer mesh stents which have less intrinsic strength 

than metal mesh stents.

US patent no. 6,059,822 reports on a mesh stent that has large mesh portions at 

either end of the stent and a small mesh portion at the longitudinal centre of the 

stent. The small mesh portion has a mesh of a smaller size than the larger mesh 

portion and is used at the longitudinal centre of the stent where the main lesion is 

located once the stent is implanted. The smalt mesh portion provides more radial 

strength and lessens any chance of prolapse. The ends of the stents, however, have 

a larger mesh size so as to reduce the damage to healthy tissue parts of the artery in 

which the stent is located. Thus there are only two different cell sizes in the stent.
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4 However, there is always a demand to improve upon the configuration of mesh 

stents so as to avoid the problem of arterial recoil along the longitudinal length of the 

stent whilst maintaining flexibility and minimising arterial injury.

; The background to the invention has been explained above in relation to vascular 

stents but it is to be understood that the present invention is not limited thereto. 

Stents other than vascular stents exist such as ureteral, urethral, duodenal, colonic 

and biliary stents, and analogous problems arise with these stents as have been 

described above in relation to vascular stents.
i

The present invention seeks to alleviate at least some of the problems identified in 

the prior art.

Summary of the invention

According to one aspect of the present invention there is provided a tubular stent 

having first and second ends and a longitudinal axis therebetween, the tubular stent 

being formed from a network of struts which defines a cylindrical surface about the 
longitudinal axis, the struts delineating a plurality of cells within the network, there 

ι being rows of cells parallel to the longitudinal axis, at least one cell in each row being 

a nodal cell, there being an increase in the maximum length parallel to the 

longitudinal axis of cells from the at least one nodal cell to a first distal cell in the row 

that is closer to the first or second end of the tubular stent and there being a second 
distal cell in the row which has a different maximum length parallel to the longitudinal

25 axis from the nodal cell and the first distal cell and wherein the network of struts 

comprises a plurality of circumferential rings, each ring extending perpendicularly to 

the longitudinal axis and the rings being located adjacent to each other parallel to the 

longitudinal axis to define the cylindrical surface, the circumferential rings being of a 

wave form, each circumferential ring having an amplitude parallel to the longitudinal
30 axis, such that each wave form comprises a plurality of peaks which extend towards 

the axial centre of the tubular stent and a plurality of troughs which extend away from 

the axial centre of the tubular stent, characterised in that:

the circumferential rings comprise nodal circumferential rings and distal 

circumferentiai rings, wherein the nodal circumferential rings define the at least one
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4 nodal cell of the tubular stent, adjacent nodai circumferential rings being aligned so 
that the respective peaks and/or troughs of the nodal circumferential rings are 

aligned with each other and linked to each other, the nodal circumferential rings thus 

defining the at least one nodal cell of each row of cells;

, the nodal circumferential rings and the distal circumferential rings are aligned

such that where a first distal circumferential ring is adjacent to a second distal 

circumferential ring or a noda! circumferential ring, at least some of the peaks of the 

wave form of the first distal circumferential ring are aligned with at least some of the 

troughs of the wave form of the second distal circumferential ring or the nodal 

ι circumferential ring and are linked to each other such that adjacent circumferential

rings define cells within the network; and

each distal circumferential ring has a wave form that alternates between a

maximum amplitude peak and trough and a minimum amplitude peak and trough, 
wherein the peak-peak amplitude of the maximum amplitude peaks and troughs of 

the distal circumferential rings increases progressively from a distal circumferential 
ring relatively closer to a nodal circumferential ring to a distal circumferential ring 

relatively further from the nodal circumferential ring,

wherein the peak-peak amplitude of the maximum amplitude peaks and 

troughs increases geometrically.
I

it is preferred that the rows of cells are parallel to the longitudinal axis of the tubular 

stent.

It is preferred that the struts are rigid struts.

25

Conveniently, the stent is crimpabie.

Preferably, the progressive increase in maximum length parallel to the longitudinal 

axis of successive cells from the axial centre to the first and second ends of the

30 tubular stent comprises a component with a geometric increase.

Advantageously adjacent distal circumferential rings are linked to each other only by 
the maximum amplitude peaks and troughs.
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Conveniently, the peak-peak amplitude of the minimum amplitude peaks and troughs 

of the distal circumferential rings increases progressively from each distal 

circumferential ring adjacent to a central circumferential ring to the distal

: circumferential rings adjacent to one of the ends of the tubular stent.

Preferably, the peak-peak amplitude of the minimum amplitude peaks and troughs of 

the distal circumferential rings increases geometrically from each distal 

circumferential ring adjacent to a central circumferential ring to the distal

ι circumferential rings adjacent to one of the ends of the tubular stent.
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Advantageously, the peak-peak amplitude of the maximum amplitude peaks and 

troughs of the distal circumferential rings increases progressively from each distal 

circumferential ring adjacent to a centra! circumferential ring to the distal 

circumferential rings adjacent to one of the ends of the tubular stent.

Conveniently, the peak-peak amplitude of the maximum amplitude peaks and 

troughs of the distal circumferential rings increases geometrically from each distal 

circumferential ring adjacent to a central circumferential ring to the distal 

circumferential rings adjacent to one of the ends of the tubular stent.

Preferably, the at least one central cell is a closed cell.

Conveniently, the central cell can be referred to as the nodal cell as the central cell 

does not have to be located at the axial centre of the tubular stent.

Advantageously, at least one row of cells comprises at least three cells, preferably at 

least five cells.

Conveniently, the maximum length parallel to the longitudinal axis of each successive 

cell from the at least one central cell to the first end increases progressively at the 

same to, or a different rate from, that at which the maximum length parallel to the 

longitudinal axis of each successive cel! increases progressively from the at least one 

central cell to the second end.

Preferably, the at least one central cell is the cell or cells closest to the axial centre of 

the tubular stent. Alternatively, the at least one central cell is not a cell closest to the 

axial centre of the tubular stent. Instead the, or each, centra! cell is located closer to 

the first or second ends of the tubular stent.

According to another aspect of the present invention there is provided a tubular stent 

having first and second ends and a longitudinal axis therebetween, the tubular stent 

being formed from a network of struts which defines a cylindrical surface about the 

longitudinal axis, the struts delineating a plurality of cells within the network, there 

being rows of cells extending from the first end to the second end, at least one cel! in 

each row being a nodal cell, there being an increase in the maximum length parallel 

to the longitudinal axis of cells from the at least one nodal cell to a first distal cell that
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is closer to the first or second end of the tubular stent and wherein the network of 

struts comprises a plurality of circumferential rings, each ring extending 

perpendicularly to the longitudinal axis and the rings being located adjacent to each 

other parallel to the longitudinal axis to define the cylindrical surface, the 

circumferential rings being of a wave form, each circumferential ring having an 

amplitude parallel to the longitudinal axis, such that each wave form comprises a 

plurality of peaks which extend towards the axial centre of the tubular stent and a 

plurality of troughs which extend away from the axial centre of the tubular stent.

The nodal cell and the first distal cell are in the same row. Advantageously, there is 

provided a second distal cell in the row which has a different maximum length parallel 

to the longitudinal axis from the nodal cell and the first distal cell. Preferably, the 

maximum length parallel to the longitudinal axis increases from the nodal ceil, to the 

first distal cell and then to the second distal cell in each row.

Conveniently, at least some of the cells are open cells.

Preferably, the stent is crimpable.

Conveniently, the increase in maximum length parallel to the longitudinal axis of cells 

from the nodal cell of the tubular stent to the first distal cell closer to the first or 

second end of the tubular stent comprises a component with a geometric increase.

Preferably, the circumferential rings comprise nodal circumferential rings and distal 

circumferential rings, wherein the nodal circumferential rings define the at least one 

nodal cell of the tubular stent, adjacent nodal circumferential rings being aligned so 

that the respective peaks and/or troughs of the nodal circumferential rings are 

aligned with each other and linked to each other, the nodal circumferential rings thus 

defining the at least one nodai cell of each row of cells.

Advantageously, the nodal circumferential rings and the distal circumferential rings 

are aligned such that where a first distal circumferential ring is adjacent to a second 

distal circumferential ring or a nodal circumferential ring, at least some of the peaks 

of the wave form of the first distal circumferential ring are aligned with at least some 

of the troughs of the wave form of the second distal circumferential ring or the nodal
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circumferential ring and are linked to each other such that adjacent circumferential 

rings define cells within the network.

Conveniently, each distal circumferential ring has a wave form that alternates 

between a maximum amplitude peak and trough and a minimum amplitude peak and 

trough.

Advantageously, the adjacent distal circumferential rings are linked to each other 

only by the maximum amplitude peaks and troughs.

Preferably, at least some of the adjacent distal circumferential rings are linked to 

each other by the maximum amplitude peaks and troughs, and by the minimum 

amplitude peaks and troughs.

Advantageously, there is an increase in the peak-peak amplitude of the minimum 

amplitude peaks and troughs of the distal circumferential rings from a distal 

circumferential ring relatively closer to a nodal circumferential ring to a distal 

circumferential ring relatively further from a nodal circumferential ring.

Conveniently, the peak-peak amplitude of the minimum amplitude peaks and troughs 

of the distal circumferential rings increases progressively from a distal circumferential 

ring relatively closer to a nodal circumferential ring to a distal circumferential ring 

relatively further from the nodal circumferential ring.

Preferably, the peak-peak amplitude of the minimum amplitude peaks and troughs of 

the distal circumferential rings increases progressively from each distal 

circumferential ring adjacent to a nodal circumferential ring to the distal 

circumferential rings adjacent to one of the ends of the tubular stent.

Conveniently, the peak-peak amplitude of the minimum amplitude peaks and troughs 

increases geometrically.

Advantageously, there is an increase in the peak-peak amplitude of the maximum 

amplitude peaks and troughs of the distal circumferential rings from a distal 

circumferential ring relatively closer to a nodal circumferential ring to a distal 

circumferential ring relatively further from the nodal circumferential ring.
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Preferably, the peak-peak amplitude of the maximum amplitude peaks and troughs of 

the distal circumferential rings increases progressively from a distal circumferential 

ring relatively closer to a nodal circumferential ring to a distal circumferential ring 

relatively further from the nodal circumferential ring.

Conveniently, the peak-peak amplitude of the maximum amplitude peaks and 

troughs of the distal circumferential rings increases progressively from each dista! 

circumferential ring adjacent to a nodal circumferential ring to the distal 

circumferential rings adjacent to one of the ends of the tubular stent.

Advantageously, the peak-peak amplitude of the maximum amplitude peaks and 

troughs increases geometrically.

Preferably, the at least one nodal cell is a closed cell.

Advantageously, at least one row of cells comprises at least three ceils.

Conveniently, the maximum length parallel to the longitudinal axis of cells from the at 

least one nodal cell to a distal cell relatively closer to the first end of the tubular stent 

increases at a different rate from that at which the maximum length parallel to the 

longitudinal axis of cells increases from the at least one nodal cell to a distal ceil 

relatively closer to the second end of the tubular stent.

Preferably, there is a second nodal cell closer to one of the ends of the tubular stent 

than the first nodal cell, wherein there is a distal ceil between the first and second 

nodal cells, and wherein the maximum length parallel to the longitudinal axis of cells 

increases from each nodal cell to the distal ceil between the nodal ceils.

Conveniently, there is a third nodal cell between the first and second nodal cells, a 

first intermediate distal cel! between the first and the third nodal cells and a second 

intermediate distal cell between the second and the third nodai ceils, wherein the 

maximum length parallel to the longitudinal axis of ceils increases from each of the 

first and third nodal cells to the first intermediate distal cell and from each of the 

second and third noda! cells to the second intermediate distal ceil.
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4 Advantageously, the at least one nodal cell is the cell or ceils closest to the axial 

centre of the tubular stent.

Preferably, the at least one nodal cell may be located anywhere along the length of 

the stent. When there is more than one nodal cell, these may or may not be adjacent 
to each other.

Advantageously, a pharmaceutically active agent is releasably associated with the 

tubular stent.

In this specification, the terms "longitudinal" and "axial" have the same meaning and 

are used interchangeably.

In this specification, the term "wave form" means a component, in particular a 

circumferential ring, whose shape oscillates along its length. The oscillation is in a 
direction defined as the amplitude of the wave. The oscillation may be a smooth 

curve such as a sine wave or may be triangle wave form.

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

having first and second ends and a longitudinal axis therebetween, the tubular stent 

being formed from a network of struts which defines a cylindrical surface about the 

longitudinal axis, the struts delineating a plurality of cells within the network, there 

being rows of cells parallel to the longitudinal axis, at least one cell in each row being 

a nodal cell, there being an increase in the maximum length parallel to the

25 longitudinal axis of ceils from the at least one nodal cell to a first distal cell in the row 

that is closer to the first or second end of the tubular stent and there being a second 

distal cell in the row which has a different maximum length parallel to the longitudinal 
axis from the nodal cell and the first distal cell and wherein the network of struts 

comprises a plurality of circumferential rings, each ring extending perpendicularly to

30 the longitudinal axis and the rings being located adjacent to each other parallel to the 
longitudinal axis to define the cylindrical surface, the circumferential rings being of a 

wave form, each circumferential ring having an amplitude parallel to the longitudinal 

axis, such that each wave form comprises a plurality of peaks which extend towards
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4 the axial centre of the tubular stent and a plurality of troughs which extend away from 

the axial centre of the tubular stent.

In an embodiment of the third aspect, the stent is crimpable.

In an embodiment of the third aspect, the increase in maximum length parallel to the 

longitudinal axis of cells from the nodal cell of the tubular stent to the first distal cell 
comprises a component with a geometric increase.

ι In an embodiment of the third aspect, the circumferential rings comprise nodal 

circumferential rings and distal circumferential rings, wherein the nodal 

circumferential rings define the at least one nodal cell of the tubular stent, adjacent 

nodal circumferential rings being aligned so that the respective peaks and/or troughs 
of the nodal circumferential rings are aligned with each other and linked to each 

other, the nodal circumferential rings thus defining the at least one nodal cell of each 

row of cells.

In an embodiment of the third aspect, the nodal circumferential rings and the distal 

circumferential rings are aligned such that where a first distal circumferential ring is 

ι adjacent to a second distal circumferential ring or a nodal circumferential ring, at 

least some of the peaks of the wave form of the first distal circumferential ring are 
aligned with at least some of the troughs of the wave form of the second distal 

circumferential ring or the nodal circumferential ring and are linked to each other

such that adjacent circumferential rings define cells within the network.

In an embodiment of the third aspect, each distal circumferential ring has a wave 

form that alternates between a maximum amplitude peak and trough and a minimum 

amplitude peak and trough.

30 In an embodiment of the third aspect, adjacent distal circumferential rings are linked 

to each other only by the maximum amplitude peaks and troughs.
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4 In an embodiment of the third aspect, at least some of the adjacent distal 

circumferential rings are linked to each other by the maximum amplitude peaks and 

troughs, and by the minimum amplitude peaks and troughs.

In an embodiment of the third aspect, there is an increase in the peak-peak 

amplitude of the minimum amplitude peaks and troughs of the distal circumferential 

rings from a distal circumferential ring relatively closer to a nodal circumferential ring 

to a distal circumferential ring relatively further from a nodal circumferential ring.

' In an embodiment of the third aspect, the peak-peak amplitude of the minimum 

amplitude peaks and troughs of the distal circumferential rings increases 
progressively from a distal circumferential ring relatively closer to a nodal 

circumferential ring to a distal circumferential ring relatively further from the nodal 

circumferential ring.

In an embodiment of the third aspect, the peak-peak amplitude of the minimum 

amplitude peaks and troughs increases geometrically.

In an embodiment of the third aspect, there is an increase in the peak-peak

1 amplitude of the maximum amplitude peaks and troughs of the distal circumferential 

rings from a distal circumferential ring relatively closer to a nodal circumferential ring 
to a distal circumferential ring relatively further from the nodal circumferential ring.

In an embodiment of the third aspect, the peak-peak amplitude of the maximum 

25 amplitude peaks and troughs of the distal circumferential rings increases 

progressively from a distal circumferential ring relatively closer to a nodal 

circumferential ring to a distal circumferential ring relatively further from the nodal

circumferential ring.

30 In an embodiment of the third aspect, the peak-peak amplitude of the maximum

amplitude peaks and troughs increases geometrically.

In an embodiment of the third aspect, the at least one nodal cell is a closed cell.
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4 In an embodiment of the third aspect, the maximum length parallel to the longitudinal 
axis of cells from the at least one nodal cell to a distal cell relatively closer to the first 

end of the tubular stent increases at a different rate from that at which the maximum 

length parallel to the longitudinal axis of ceils increases from the at least one nodal 

; cell to a distal cell relatively closer to the second end of the tubular stent.

In an embodiment of the third aspect, there is a second nodal cell closer to one of 
the ends of the tubular stent than the first nodal cell, wherein there is a distal cell 

between the first and second nodal cells, and wherein the maximum length parallel 
ι to the longitudinal axis of cells increases from each nodal cell to the distal cell 

between the nodal cells.

In an embodiment of the third aspect, there is a third nodal cell between the first and 
second nodal cells, wherein there is a first intermediate distal cell between the first

, and the third nodal cells and a second intermediate distal cell between the second 

and the third nodal cells, and wherein the maximum length parallel to the longitudinal 

axis of cells increases from each of the first and third nodal cells to the first 

intermediate distal cell and from each of the second and third nodal cells to the 

second intermediate distal cell.
I

In an embodiment of the third aspect, the at least one nodal ceil is the cell or cells 

closest to the axial centre of the tubular stent.

In an embodiment of the third aspect, a pharmaceutically active agent is releasably 

25 associated with the tubular stent.

Brief Description of the Figures

Figure 1 is a side view of a tubular stent in accordance with one embodiment of the 
30 present invention, viewed perpendicular to the longitudinal axis of the stent, with the

stent in a pre-crimped configuration.

Figure 2 is a plan view of a flattened out section of a stent in accordance with the

embodiment shown in Figure 1.
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Figure 3 is a side view of the stent depicted in the embodiment shown in Figure 1,

viewed perpendicular to the longitudinal axis of the stent, with the stent in a pre­

crimped configuration and with the stent shown in an expanded configuration

superimposed thereon.

Figure 4 is a schematic view of one portion of a tubular stent in accordance with the 

embodiment shown in Figure 1.
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Figure 5 is a plan view of the entire tubular stent of the embodiment shown in Figure 

1, flattened out.

Figure 6 is a side view of a tubular stent in accordance with another embodiment of 

the present invention, viewed perpendicular to the longitudinal axis of the stent, with 

the stent in a pre-crimped configuration.

Figure 7 is a side view of a tubular stent in accordance with a further embodiment of 

the present invention, viewed perpendicular to the longitudinal axis of the stent, with 

the stent in a pre-crimped configuration.

Figure 8 is a side view of a tubular stent in accordance with another embodiment of 

the present invention, viewed perpendicular to the longitudinal axis of the stent, with 

the stent in a pre-crimped configuration.

Figure 9 is a side view of a tubular stent in accordance with yet another embodiment 

of the present invention, viewed perpendicular to the longitudinal axis of the stent, 

with the stent in a pre-crimped configuration.

Figure 10 is a side view of a tubular stent in accordance with a further embodiment of 

the present invention, viewed perpendicular to the longitudinal axis of the stent, with 

the stent in a pre-crimped configuration.

Detailed Description of the Invention

Referring to Figure 1, a tubular stent 1 is shown which comprises a first end 2 and a 

second end 3 and a longitudinal axis 4 therebetween. Equidistant between the first 

and second ends 2, 3 there is a longitudinal centre 5 of the stent 1 which is a plane 

perpendicular to the longitudinal axis 4. Adjacent to the longitudinal centre 5 of the 

stent 1, towards the first end 2 of the stent 1 is a first central ring 6 which extends 

circumferentially about the longitudinal axis 4 in a wave form having its amplitude 

parallel to the longitudinal axis 4 of the tubular stent 1. The wave form of the first 

central ring 6 comprises eight peaks 7 which are each proximal to the longitudinal 

centre 5 and eight troughs 8 which are each distal from the longitudinal centre 5.
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Adjacent to the troughs 8 of the first central ring is provided a second ring 9 which 

also extends circumferentially about the longitudinal axis 4 and is of wave form, 

having its amplitude parallel to the longitudinal axis 4 of the tubular stent 1. The 

wave form of the second ring 9 comprises eight peaks 10 which are each proximal to 

the longitudinal centre 5 and eight troughs 12 which are each distal from the 

longitudinal centre 5. The wave form of the second ring 9 will be described in further 

detail, below. At the present time it need merely be noted that the amplitude of the 

wave form alternates between a maximum amplitude and a minimum amplitude 

around the second ring 9. Furthermore, the maximum amplitude of the second ring 9 

is greater than the amplitude of the first central ring 6. In addition, the peaks 10 of 

maximum amplitude of the second ring 9 are aligned with alternate troughs 8 of the 

first central ring 6 and are connected by a short link 11 which is parallel to the 

longitudinal axis 4.

Adjacent to the troughs 12 of the second ring 9 is located a third ring 13 which also 

extends circumferentially about the longitudinal axis 4 and defines a wave form. The 

wave form of the third ring 13 is similar to the wave form of the second ring 9 in that 

the amplitude of successive wavelengths alternate between a maximum amplitude 

and a minimum amplitude. The wave form of the third ring 13 comprises eight peaks 

14 which are each proximal to the longitudinal centre 5 and eight troughs 29 which 

are each distal from the longitudinal centre 5. In addition, the peak-peak maximum 

amplitude of the wave form of the third ring 13 is greater than the peak-peak 

maximum amplitude of the wave form of the second ring 9. Furthermore, the peaks 

with maximum amplitude 14 of the third ring 13 are aligned with the troughs 12 of 

maximum amplitude of the second ring 9 and are connected by a short link 15 which 

is parallel to the longitudinal axis 4.

Adjacent to the troughs 29 of the third ring 13 is a fourth ring 16 and, in turn, a fifth 

ring 17. The fourth and fifth rings 16 and 17 repeat the pattern of the second and 

third rings 9,13. More specifically, each of the fourth and fifth rings 16, 17 extends 

circumferentially about the longitudinal axis 14 and is of a wave form with the 

amplitude of successive wavelengths alternating between a maximum amplitude and 

a minimum amplitude, The wave form of the fourth ring 16 comprises eight peaks 18 

which are each proximal to the longitudinal centre 5 and eight troughs 21 which are 

each distal from the longitudinal centre 5. The wave form of the fifth ring 17 

comprises eight peaks 20 which are each proximal to the longitudinal centre 5 and
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eight troughs 36 which are each distal from the longitudinal centre 5. The maximum 

peak-peak amplitude is successively greater from the second ring 9 to the third ring 

13 to the fourth ring 16 to the fifth ring 17. Moreover, the fourth and fifth rings 16, 17 

are aligned with respect to each other and with respect to the third ring 13 such that 

the peaks 18 of maximum amplitude of the fourth ring 16 are adjacent to the troughs 

29 of maximum amplitude of the third ring 13 and are connected by a link 19 and, 

likewise, the peaks 20 of maximum amplitude of the fifth ring 17 are aligned with the 

troughs 21 of maximum amplitude of the fourth ring 16 and are connected by a short 

link 22 that is parallel to the longitudinal axis 4.

The structure of the stent 1 has been described from the longitudinal centre 5 to the 

first end 2. However, the stent 1 from the longitudinal centre 5 to the second end 3 is 

a mirror image through the plane of the longitudinal centre 5 with second central ring 

6’ and second, third, fourth and fifth rings 9’, 13’ 16’, 17’, mirroring the first central 

ring 6 and the second, third, fourth, fifth rings 9, 13, 16, 17, respectively. At the 

longitudinal centre 5, the peaks 7, 7’ of the first and second central rings 6, 6’ are 

aligned and are linked to each other by links 28 that are parallel to the longitudinal 

axis of the tubular stent 1.

It is to be appreciated therefore, that the circumferential rings 6, 6’, 9, 9’, 13, 13’, 16, 

16’, 17, 17’ together define a cylindrical surface about the longitudinal axis 4. It is 

also to be noted that the circumferential rings fall into two categories: the central 

rings 6, 6’ and the other rings 9, 9’, 13, 13’, 16, 16’, 17, 17’ which will be referred to 

herein as distal rings. The central rings 6, 6’ are linked to each other at each peak 7, 

7’ of their respective waveforms by links 28. However, the distal rings adjacent to the 

central rings (i.e. the second rings 9, 9’) are linked to the central rings only via 

alternate peaks 10, 10', namely the peaks of maximum amplitude. Similarly the other 

distai rings (i.e. the third to fifth rings 13, 13’, 16, 16’, 17, 17’) are only linked to the 

adjacent distal ring closer to the axial centre 5 via alternate peaks, namely the peaks 

of maximum amplitude. In this respect, the tubular stent 1 has an open ceil design 

since not all aligned peaks and troughs between adjacent distal rings are joined.

In conjunction with the links 11, 15, 19, 22, the first to fifth rings 6, 6’, 9, 9', 13, 13’, 

16’, 16’, 17, 17’ together form a network of struts which delineate a plurality of cells 

within the network. For instance, a central cell 23 is defined by first and second 

struts 24, 25 which correspond to a section of the first central ring 6 between a peak
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third and fourth struts 26, 27 correspond to a section between a first peak 7’ of the 

second central ring 6’ which is aligned with the first peak 7 of the first central ring 7 to 

a trough 8' of the second central ring 6' and the section of the second central ring 6’ 

from the trough 8’ to a second peak 7’ of the second central ring 6’ which is aligned 

with the second peak 7 of the first central ring 6. The central cell 23 is also defined 

by first and second links 28 which are parallel to the longitudinal axis 4 and which 

connect the first peak 7, 7’ of the first and second central rings, 6, 6’ and the second 

peaks 7, 7’ of the first and second central rings 6, 6’. Thus, together, the first to 

fourth struts 24, 25, 26, 27 and the first and second links, 28 define the first 

exemplary cell.

A cell 30 in position “1” (i.e. adjacent to and in the same row as the central cell 23) is 

defined by the struts which correspond to a section of the second ring 9 between two 

consecutive maximum amplitude troughs 12 and a section of the third ring 13 

between two consecutive maximum amplitude peaks 14 and the respective links 15 

that join the troughs 12 of the second ring 9 with the peaks 14 of the third ring 13.

A cell 31 in position "2” (i.e. adjacent to and in the same row as the cell 30 in position 

two but further from the central cell 23) is defined by the struts which correspond to a 

section of the fourth ring 16 between two consecutive maximum amplitude troughs 

21 and a section of the fifth ring 17 between two consecutive maximum amplitude 

peaks 20 and the respective links 22 that join the troughs 21 of the fourth ring 16 with 

the peaks 20 of the fifth ring 17.

A cell 32 in position “-1” is also present and is the mirror image of the cell 30 in 

position “1” about the longitudinal centre.

A cell 33 in position “-2” is also present and is the mirror image of the cell 31 in 

position “2” about the longitudinal centre.

The length of each cell in the row increases progressively (i.e. adjacent cells do not 

have the same length) from the central cell 23 to the cell at position “Γ which is 

closer to the first end 2 and then to the cell at position “2” which is closest to the first 

end 2. Likewise, the length of each cell in the row increases progressively from the
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central cell 23 to the cell at position “-1" which is closer to the second end 3 and then 

to the cell at position "-2” which is closest to the second end 3.

Referring to Figure 2 a section of the stent 1 is shown, flattened out to illustrate more 

clearly the repeating structure of the stent and the mathematical relationship between 

the various elements of the stent. It is to be appreciated that Figure 2 shows only a 

section of the complete stent shown in Figure 1. The complete stent of Figure 1 is 

shown flattened out in Figure 5.

Shown on Figure 2 are the parameters that govern the design of this embodiment of 

the tubular stent 1. The following parameters are independent—

a) Tgtrut - Strut thickness in radial direction (thickness of the extruded tube)

b) Wstrut - Strut width in the circumferential direction.

c) lc - half length of the central link 28 between respective peaks 7, 7’ of the first and 

second central rings 6, 6’.

d) litnk - length of the links 11, 12, 19, 22 between respective maximum amplitude 

peaks and maximum amplitude troughs of adjacent rings.

e) W|ink - circumferential width of the links 11, 12,19, 22 (similar to Wstrut).

f) NoX - Number of cells in the axial direction (i.e. parallel to the longitudinal axis 4).

g) NoY - Number of cells in the circumferential direction.

h) Ls1ent - Total length of the stent 1.

i) Rstent - Pre crimping inner radius of the stent 1 (inner radius of the extruded tube).

j) darc- Diameter of the arc/semi-circie at the link locations.

k) w - distance parallel to the longitudinal axis 4 between peaks 7 and troughs 8 of 

the first central ring 6.

l) f - The factor by which the minimum amplitude in each ring 9, 13, 16, 17 (except 

the first central ring 6) are smaller than their respective maximum amplitude.

m) rc - radius of the arc in the centra! links 28 in the cells defined by the first and 

second central rings 6, 6'.

The following parameters have to be derived -

a) dh - quarter length of each cell in the circumferential direction.

b) e - The ratio between the lengths (i.e, the distance in the direction parallel to the 

longitudinal axis from maximum amplitude peaks to maximum amplitude troughs) of 

consecutive rings.
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c) darcd- Derived diameter of the arcs/semi-circles in each ring at the non-link 

locations.

The parameter dh is calculated according to equation [1] -
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dh =
2itR■stent
4NoY

[1]

The parameter ‘e’ is calculated by first considering the equality of equation [2] in the 

axial direction:
IVoX-l T _

, , ! b; . I i F stent tVstrut r_,
lc + (Νθλ - ■ l)kink + W + 5, GW — ------------- --------- [2]

i=l

The last two terms in the left hand side of equation [2] can we written as equation [3]
NoX—1

+ Σ
r=l

e'w
w(eNoX — 1) 

(e- 1) [3]

Substituting equation [3] in equation (2) gives equation [4] 

w(eNoX - 1) _ LstRnt - W,;,
lc + (NoX - T)kink + f strut

(e- 1) [4]

w e > 1

This is an implicit equation in ‘e’ as e cannot be explicitly expressed in terms of other 

parameters. Newton’s iterative method is used to solve this equation. Let f(e) be

defined as equation [5]

/(e) -/c + (NoX - l)llink +
T stent Wstrut

[5]

The solution of f(e)-0 gives the appropriate value of e. The method is started by 

guessing a value for e, say e=i.7, to initiate the Newton’s method. Note that the 

derivative of f(e) can be calculated analytically. To calculate the new value of e, the 

formula of equation [6] is used

This process is repeated until the difference between enew and eprw is less than 10 ®, 

thereby yielding the value of e that satisfies the equality constraint in the axial 

direction.
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Next the value of is calculated. If the axial length of the ith ring (i=0,1,2,3, and 4 

for the central, first, second, third and fourth rings 6/6’, 9/9', 13/13', 16/16’, and 

17/17’, respectively) is wf, then for that ring, is given by equation [7]

^arcd
2 (dh(wj - f.Wj) + 0.5dare(/.Wt + xx))

Wi + xx [7]

where xx rVidarc 
2(dh <Urc)

5
Geometrical Constraints

The following geometrical constraints, set forth in equations [8], [9] and [10], arise 

while using the above described embodiment of the tubular stent 1.

lc > Wstrut [8]

tlink L ^^strut [9]

dh ITsiriti [10]

10 Determination of numerical bounds on w
In order to determine the numerical bounds on w equation [2] is considered. 

Rearranging equation [2] yields the following:

FoX 1 r _ [. ., V ' T -Ls stent Wstrut j -iz- -\\iw+ y j e'w =--------- ------------- lc- (XoX - Ijltink
i=l

Latent lUir-wi 
2

- le - (NoX - l)hink
W = NoX-1

Σ ■
2-1

[11]

e>1 is desired since this provides increasing cell length from the longitudinal centre 5 

15 of the tubular stent 1 to the respective first and second ends 2,3. For the limiting case

of e=1, the inequality of equation [12] can be obtained

w <

■^stent " - ITU,.,,.1 . .
--- ----- 2------------ '' NoA — I '/(,·„,·.· [12]

NoX

This relation of equation [12] gives the upper bound on w.
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The lower bound on w is governed by the geometrical constraint that the length of the 

central ring in the circumferential plane should be greater than the circumference of 

the final stent diameter desired after expansion. Let Rf be the final expansion 

diameter. Although, an exact expression for the length of the central ring is possible, 

it yields a mathematically unwieldy equation and so the foilowing simplification is 

made to simplify the expression. In particular, the central ring is approximated with 

linear segments without the semi-circuiar joints. Using this approximation, illustrated 

in Figure 4, the length of the central ring in the circumferential plane can be written as 

equation [13]

lring = 4-ZVoy f dh2 + w2 [13]

Geometrical constraint, as discussed above, dictates the requirements of equation 

[14]
Iring y 'nsafe^'M Rf ; nBafe Ω 1 [14]

where nsafe is a safety factor to be specified.

Using equations [13], [14], and [1], the relation of equation [15] can be shown

[151

This relation of equation [15] gives the lower bound on w.

The maximum value of w constrains the NoX values, in particular, for a given Lstent 

the maximum value of w limits the NoX values for which e>1 can be obtained. Using 

equation [12] one can deduce the formuia of equation [16]

r LsteTit lYsii'Ut ; | j

— ic 4"

NoX — floor
llink “F

[16]
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Determination of numerical bounds on darc

The lower bound in daro is zero. For the upper bound, the inequality of equation [17] 

can be deduced from Figure 2

dorC(!<i//i [17]
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Equation [17] can be used with equation [7] to deduce the upper bound in darc.

Determination of numerical bounds on Wstrut

Theoretically, the lower and upper bounds for lVsM are zero and dh respectively.

The first central ring 6 and the second to fifth rings 9, 13, 16, 17 are shown in Figure

2. As can be seen, the first central ring 6 is of repeating wave form configuration with 

a peak-peak amplitude of w.

The second ring 9 is of a wave form where the wave form alternates between a 

maximum peak-to-peak amplitude of ew between a peak of maximum amplitude 8 

and a trough of maximum amplitude 12 and a minimum peak-to-peak amplitude of 

few between a minimum amplitude peak 34 and a minimum amplitude trough 35.

The third to fifth rings 13, 16, 17 have similar wave forms which alternate between 

maximum and minimum amplitudes and whose maximum and minimum amplitudes 

progressively increase from ring to ring from the longitudinal centre 5 of the stent 1 to 

the first end 2. The relative dimensions of the maximum peak-peak amplitude and 

the minimum peak-peak amplitude of each ring is summarised in Table 1.

Table 1

Ring Maximum Peak-Peak Amplitude Minimum Peak-Peak Amplitude

Central w w

Second ew f. ew

Third e2w f. e2w

Fourth eJw f. e3w

Fifth e4w f. e4w

It is also to be noted that each cell extends in the axial direction (i.e, parallel to the 

longitudinal axis 4) from a maximum amplitude peak of one ring (or a peak of the
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centra! ring) to the maximum amplitude trough of the adjacent ring in the axial 

direction. Furthermore, each cell extends in the circumferential direction from the link 

connecting a maximum amplitude trough of the one ring (or a trough of the central 

ring) and the abutting maximum amplitude peak of the adjacent ring to the adjacent

5 link in the circumferential direction connecting a maximum amplitude trough of the 

one ring (or a trough of the central ring) and the abutting maximum amplitude peak of 

the adjacent ring.

It is also to be understood that that the maximum length of the cells in the axial

10 direction (i.e. the distance from the maximum amplitude peak of one ring (or a peak 

of the central ring) to the maximum amplitude trough of the adjacent ring in the axial 

direction) are based on the centre construction lines (see Figure 2) and are as shown 

in Table 2.

15 Table 2

Cell Position Item in Figures 1 and 2 Maximum Length

-2 33 e3w + e4w + llink

-1 32 ew + e2w + fink

central 23 2(w + lc)

1 30 ew + e2w + iljnk

2 31 e3w + e4w + lnnh

Thus the maximum length of each cell comprises a variable component based on the 

20 value of e, if it is assumed that the other components (/c or /«) are constant.

Furthermore, the variable component increases geometrically from cell to cell from 

the central cell towards either end of the tubular stent. More specifically, the ratio of 

the variable component of the adjacent cells is shown in Table 3.
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Table 3

Cells Ratio of Variable Component of Maximum Lengths

Cell 1 to Central Cell e(I + e)
2

Cell 2 to Cell 1 e2
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25

30

For a stent suitable for implantation at a focal lesion, a preferred value for e would be 

in the range 1.08 - 1.14. For a stent suitable for implantation at a diffused lesion, a 

preferred value for e would be in the range 1.00 - 1.08. A value of fin the range 0.80 

- 0.95 is preferred as this balances the strength and flexibility of the stent and other 

factors such as the performance of the stent in delivering a drug associated with the 

stent {further details of which are provided below) which militates against large cell 

sizes.

However, it is to be appreciated that in other embodiments the ratio of maximum 

axial lengths of adjacent cells may increase according to a different geometric 

formula or may increase arithmetically, only, and not have a geometric component.

In the above described embodiment, the length of each cell increases progressively 

from the central cell 23 to the cells at the first and second ends 2, 3 of the tubular 

stent 1. However, in alternative embodiments, the length of each cell increases 

progressively by a different rate (e.g. by a different geometric value) from the central 

cell 23 to the first end 2 than to the second end 3. For example, the value of e may 

be greater from the central cell 23 to the first end 2 than from the central cell 23 io 

the second end 3. In alternative embodiments, the cell size does not increase 

progressively from the central cell 23 to the first and second ends 2, 3, but increases 

only part of the way from the central cel! 23 to the first and second ends 2, 3. In 

further embodiments, the cell size does not increase from central cell 23 to the cells 

at the first and second ends 2, 3, but, instead, there may be any combination of 

increase and decrease in cell size from central cell 23 to the first and second ends 2,

3. Such embodiments are particularly suitable for implantation in blood vessels which 

have multiple lesions in which the stent is such that the regions of small cell size are 

the same distance apart as the lesions and thus, on implantation, the stent is 

positioned to align the regions of small cell size with the respective lesions. An 

example of such a stent will be described in further detail below.
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in the above described embodiment, the tubular stent 1 comprises five cells 33, 32, 

23, 30, 31 arranged consecutively, parallel to the longitudinal axis 4 of the tubular 

stent 1. However, in other embodiments, the tubular stent 1 comprises more than five 

cells. In these alternative embodiments, each row of the tubular stent 1 has a central 

cell 23 as described in the embodiment shown in Figure 1 but additional cells are 

added at the first and second ends 2, 3 by the addition of the further rings. In other 

embodiments, the tubular stent 1 comprises fewer than five cells in which case cells 

are omitted from the first and/or second ends 2, 3 but it is to be appreciated that 

there is a minimum of three cells in a row. In still further embodiments, more than one 

central cell is provided. For example, in one embodiment, the tubular stent is 

provided with four central circumferential rings which define two central cells of equal 

size and which are located on either side of the longitudinal centre 5 of the stent. 

Each central cell is of the same length in the direction parallel to the longitudinal axis

4.

In further embodiments of the invention, the or each central cell 23 is not located at 

or near the longitudinal centre 5 of the tubular stent 1. Instead, the or each central 

cell 23 is located closer to the first or second ends 2, 3 of the tubular stent and one of 

the cells at position “1”, “2", “-Γ or “-2” (or another position if more than five cells are 

present in each row) is closest to the longitudinal centre 5 of the tubular stent 1. For 

this reason, the term “nodal cell” is used as a more generic descriptor of a “central 

cell” in this specification. In these embodiments the progressive increase in cell size 

from the central cell 23 to the cell at the first end 2 may be the same as or different 

from the progressive increase in cell size from the central cel! 23 to the cell at the 

second end 3 of the tubular stent 1. Furthermore, there may be the same or a 

different number of cells (and thus circumferential rings) from the central cell 23 to 

the ceil at the first end 2 than the number of cells from the central cell 23 to the cell at 

the second end 3.

In use, a patient is selected for implantation of a stent of the present invention based 

on criteria such as the presence of a plaque or lesion in a blood vessel such as a 

coronary artery. The tubular stent 1 is inserted in crimped configuration into a blood 

vessel such as a coronary artery in an angioplasty procedure as is known in the art. 

Once the tubular stent is located at the section of blood vessel that is blocked or 

partially blocked due to the lesion or plaque, the tubular stent is expanded, in situ, for
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example by inflation of an angioplasty balloon within the tubular stent. Upon 

expansion, the tubular stent 1 enlarges to an expanded configuration as is shown in 

Figure 3. As is shown in Figure 3, in the expanded configuration, the wave form of 

the rings 6, 6’, 9, 9’, 13, 13’, 16, 16’, 17, 17’ becomes straighter thus enlarging each 

of the cells in the circumferential direction. The overall axial length of the tubular stent 

1 is foreshortened but only by a relatively small amount.

In the process of expansion of the tubular stent, the lesion or plaque is compacted 

and the lumen of the blood vessel is expanded thus reducing or removing any blood 

flow constriction. The tubular stent is made from a rigid material that is capable of 

plastic deformation such as a stainless steel alloy or a biodegradable polymer. Thus 

the tubular stent 1 substantially retains the expanded configuration after the 

angioplasty balloon is deflated and removed and the surgical procedure is concluded. 

In practice, the tubular stent 1 is compressed slightly by the radial pressure of the 

blood vessel after deflation of the balloon but the tubular stent 1 nevertheless 

remains close to the expanded configuration shown in Figure 3. Moreover, the 

plaque or lesion is maintained compacted by the expanded tubular stent after the 

procedure and the blood vessel patency is likewise maintained by the expanded 

tubular stent. Thus the tubular stent 1 is of sufficient radial strength to hold open an 

artery with a lesion. Of particular note is that the central cell of the tubular stent 1 is 

relatively small and thus has considerable radial strength which resists axial 

compression by the blood vessel which would otherwise result in blocking, or partial 

blocking, of the blood vessel. However, while the progressively greater cell size of 

ceils from the central cell to either end 2, 3 of the tubular stent 1 progressively 

reduces radial strength, it also progressively reduces damage to the vessel wall and 

progressively increases the axial flexibility of tubular stent 1. This allows the portions 

of the tubular stent 1 that are further from the plaque or lesion and which are 

therefore required to have less radial strength to flex and adopt the shape and 

configuration of the blood vessel in which they are located.

While the above described embodiment relates to a procedure carried out on a blood 

vessel that is already blocked or partially blocked it is to be understood that in other 

embodiments the stent is inserted as a precautionary measure, prior to any blocking 

of the blood vessel.
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The above described embodiments are an open cell design of tubular stent. That is 

to say, aligned peaks and troughs of adjacent distal circumferential rings are not all 

joined (although the central cell is a closed cell). However, it is to be appreciated that 

the present invention is not limited to open cell designs and in alternative 

embodiments a tubular stent may have closed cells other than the central ceil. In 

further embodiments a tubular stent is provided having a closed cell design, that is to 

say, a stent in which all cells are closed cells.

Referring to Figure 6, a tubular stent 37 which is of a closed cell design is shown. 

The tubular stent 37 has first and second ends 38, 39 and a longitudinal axis 40 

therebetween. Equidistant between the first and second ends 38, 39 there is a 

longitudinal centre 41 of the stent 37 which is a plane perpendicular to the 

longitudinal axis 40. Adjacent to the longitudinal centre 41 is a first centra! 

circumferential ring 42 which extends circumferentially about the longitudinal axis 40 

in a wave form having its amplitude parallel to the longitudinal axis 40 of the tubular 

stent 37. Adjacent to the first circumferential ring 42 are first, second, third and fourth 

distal circumferential rings 43, 44, 45, 46 arranged sequentially and parallel thereto. 

Each of the distal circumferential rings are also of wave form and also have their 

amplitudes parallel to the longitudinal axis 40 of the tubular stent 37.

The amplitude of each circumferential ring increases progressively from the first 

central ring 42 to the first distal circumferential ring 43 and then through each of the 

other distal circumferential rings 44, 45, 46 to the first end 40. The wave form of each 

of the first central circumferential ring 42 and the distal circumferential rings 43, 44, 

45, 46 comprises eight peaks which are each proximal to the longitudinal centre 41 

and eight troughs which are each distal from the longitudinal centre 41. The first 

central circumferential ring 42 and the distal circumferential rings 43, 44, 45, 46 are 

aligned with each other so each and every peak of each of the second to fourth distal 

circumferential rings is aligned with and joined to a trough of its respective adjacent 

ring closer to the longitudinal centre 41 and each and every peak of the first distal 

circumferential ring is aligned with and joined to a trough of the first central 

circumferential ring 42. The peaks and troughs join in an “X” formation without any 

additional component linking them parallel to the longitudinal axis 40.

The structure of the stent 37 has been described from the longitudinal centre 41 to 

the first end 38. However, the stent 37 from the longitudinal centre 41 to the second
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end 39 is a mirror image through the plane of the longitudinal centre 41 with a 

second central ring 42’ and first, second, third, and fourth distal rings 43', 44’, 45’, 

46’, mirroring the first central ring 42 and the first, second, third, and fourth distal 

rings 43, 44, 45, 46, respectively. At the longitudinal centre 41, the peaks of the first 

and second central rings 42, 42’ are aligned and are joined to each other. The peaks 

join in an “X” formation without any additional component linking them parallel to the 

longitudinal axis 40.

Thus the central and distal circumferential rings 42, 42’, 43, 43', 44, 44’, 45, 45’, 46, 

46’ define rows of celis parallel to the longitudinal axis 40 of the tubuiar stent 37. For 

example, one row of cells 47 comprises a central cell 48 at the longitudinal centre 41, 

a cell 49 at position Ί" closer to the first end 38 and a cel! 50 at position “2” adjacent 

to the first end 38. Likewise, a cell 49’ is at position “-Γ adjacent to the central cell 

but closer to the second end 47 of the tubular stent 37 and a cell 50' is a position “-2” 

adjacent to the second end 39.

The maximum length of each cell in the direction parallel to the longitudinal axis 40 

increases progressively from the central cell 48 to the cell 49 at position “1” and then 

to the cell 50 at position ”2”. Similariy the length of each cell increases in the other 

direction from the central cell 48 to the cell 49’ at position “-1” and then to the cell 50’ 

at position “-2”. In alternative embodiments, there may be any combination of 

increase and decrease in the cell size from central cell 48 to first and second ends 

38, 39.

In the embodiment shown in Figure 6, the tubular stent 37 is of closed cell design 

since aligned peaks and troughs of adjacent distal circumferential rings are all joined. 

In alternative embodiments, there may be any combination of closed and open cells 

along the length of the stent.

Referring to Figure 7, a tubular stent 51 is shown in accordance with another 

embodiment of the present invention. The tubular stent 51 of Figure 7 is similar to the 

tubular stent 37 shown in Figure 6 and like components are shown with the same 

reference numerals. However the tubular stent 51 of Figure 7 is different from the 

tubular stent 37 shown in Figure 6 because at each junction 52 between the first 

central ring 42 and the first distal ring 43 and between the second distal ring 44 and 

the third distal ring 45, the respective peaks and troughs are connected by an “S”-
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shaped linker leading from the first end 38 to the longitudinal centre 41, rather than in 

an “X" formation. The same applies to the second central ring 42’, and the first, 

second and third distal rings 43’, 44’, 45' towards the second end 39 of the tubular 

stent 51. The “S”-shaped linker provides flexibility and limits foreshortening of the 

tubular stent 51.

Referring to Figure 8, a tubular stent 53 is shown in accordance with another 

embodiment of the present invention. The tubular stent 53 of Figure 8 is similar to the 

tubular stent 51 shown in Figure 7 and like components are shown with the same 

reference numerals. However the tubular stent 53 of Figure 8 is different from the 

tubular stent 51 shown in Figure 7 because every junction 52 between peaks and 

troughs of adjacent distal circumferential rings 43, 43’, 44, 44’, 45, 45’, 46, 46’ and at 

the junctions between the first distal circumferential rings 43, 43’ and the first and 

second central circumferential rings 42, 42’ is connected by an “S”-shaped linker 

leading from the first or second end 38, 39 to the longitudinal centre 41, rather than in 

an “X” formation. This increases the flexibility of the tubular stent 53.

Referring to Figure 9, a tubular stent 54 is shown in accordance with another 

embodiment of the present invention. The tubular stent 54 of Figure 9 is similar to the 

tubular stent 53 shown in Figure 8 and like components are shown with the same 

reference numerals. However the tubular stent 54 of Figure 9 is different from the 

tubular stent 53 shown in Figure 8 because the respective peaks of the first and 

second central circumferential rings 42, 42’ do not meet. Instead, each peak of the 

first central circumferential ring 42 is joined to the aligned peak of the second central 

circumferential ring 42’ via a bridge 55 that runs parallel to the longitudinal axis 40. 

Thus the central cell 48 is hexagonal. The tubular stent 54 of this embodiment has 

extended support away form the centre of the stent.

In particular, in some embodiments, there is a plurality of nodal cells, separated 

along the length of the stent. In such embodiments, the cell size increases, 

decreases or increases and decreases between nodal cells. Such embodiments 

result in patient and/or disease-specific stents. Such stents can be used to treat 

complex, eccentric or diffuse and/or focal diseases within the blood vessels. An 

example of such a stent is shown in Figure 10.
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Referring to Figure 10, a tubular stent 56 is shown in accordance with another 

embodiment of the present invention. The tubular stent 56 has first and second ends 

38, 39 and a longitudinal axis 40 therebetween. Equidistant between the first and the 

second ends 38, 39 there is a longitudinal centre 41 of the stent 56 which is a plane 

perpendicular to the longitudinal axis 40. Between the longitudinal centre 41 and the 

first end 38 is a first nodal circumferential ring 57 which extends circumferentially 

around the longitudinal axis 40 in a wave form having its amplitude parallel to the 

longitudinal axis 40 of the tubular stent 56. Adjacent to the first nodal circumferential 

ring 57, distal to the longitudinal centre 41, are first, second, third and fourth distal 

circumferential rings 59, 60, 61, 62 arranged sequentially and paralie! thereto. Each 

of the distal circumferential rings is also of wave form and also has its amplitude 

parallel to the longitudinal axis 40 of the tubular stent 56.

The amplitude of each circumferential ring increases from the first nodal 

circumferential ring 57 to the first distal circumferential ring 59 and then through to 

each of the other distal circumferential rings 60, 61, 62 to the first end 38. The wave 

form of each of the first nodal circumferential rings 57 and the distal circumferential 

rings 59, 60, 61, 62 comprises eight peaks which are each proximal to the 

longitudinal centre 41 and eight troughs which are each distal from the longitudinal 

centre 41. The first nodal circumferential ring 57 and the distal circumferential rings 

59, 60, 61, 62 are aligned with each other so each and every peak of the second to 

fourth distal circumferential rings is aligned with and joined to a trough of its 

respective adjacent ring closer to the longitudina! centre 41 and each and every peak 

of the first distal circumferential ring is aligned with and joined to a trough of the first 

nodal circumferential ring 57. At each junction between the first nodal circumferential 

ring 57 and the first distal ring 59 and between the second distal ring 60 and the third 

distal ring 61, the respective peaks and troughs are connected by an "S”-shaped 

linker leading from the first end 38 to the longitudinal centre 41. At each junction 

between the first distal ring 59 and the second distal ring 60 and between the third 

distal ring 61 and the fourth distal ring 62, the respective peaks and troughs are 

joined in an “X” formation without any additional component linking them parallel to 

the longitudinal axis 41.

Adjacent to the first nodal circumferential ring 57, relatively proximal to the 

longitudinal centre 41, is a second nodal circumferential ring 57’ and counterpart first, 

second, third and fourth distal circumferential rings 59', 60’, 61' and 62’ mirroring the
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first nodai circumferential ring 57 and first, second, third and fourth distal 

circumferential rings 59, 60, 61, 62, respectively. The peaks of the first and second 

nodai circumferential rings 57, 57' are aligned and are joined to each other. The 

peaks join in an “X” formation without any additional component linking them parallel 

to the longitudinal axis 40.

The structure of the stent 56 has been defined from the longitudinal centre 41 to the 

first end 38. However, the stent 56 from the longitudinal centre to the second end is 

the mirror image through the plane of the longitudinal axis 41 with third and fourth 

nodal circumferential rings 58, 58' and fifth, sixth, seventh and eighth distal 

circumferential rings and their counterparts 63, 63’, 64, 64', 65, 65’, 66, 66’ mirroring 

the first and second nodal circumferential rings 57, 57’ and the first, second, third and 

fourth distal circumferential rings and their counterparts 59, 59’, 60, 60’, 61, 6T, 62, 

62’ respectively. At the longitudinal centre 41, the peaks of the fourth and eighth 

counterpart distal circumferential rings 62’, 66’ are aligned and joined to each other. 

The peaks join in an “X” formation without any additional component linking them 

parallel to the longitudinal axis 40,

Thus, the nodal and distal circumferential rings 57, 57’, 58, 58’, 59, 59’, 60, 60', 61, 

6T, 62, 62’, 63, 63’, 64, 64’, 65, 65', 66, 66’ define rows of cells parallel to the 

longitudinal axis 40 of the tubular stent 56. For example, one row of cells 67 

comprises a first nodal cell 68, defined by the first and second nodal circumferential 

rings 57, 57’, and a second nodal cell 69, defined by third and fourth nodal 

circumferential rings 58, 58’. Adjacent to the first nodal cell 68 is a first distal cell 70 

relatively closer to the first end 38, and a second distal cell 71 adjacent to first end 

38. Adjacent to the first nodal cell 68 is a third distal cell 72 relatively further from the 

first end 38 and a fourth distal cell 73 adjacent to the longitudinal centre 41. Adjacent 

to the second nodal cell 69 is a fifth distal cell 74 relatively closer to the second end 

39 and a sixth distal cell 75 adjacent to the second end 39. Adjacent to the second 

nodal cell 69 and relatively further from the second end 39 is a seventh distal cell 76, 

and an eighth distal cell 77 adjacent to the longitudinal centre 41.

The maximum length of each cell in the direction parallel to the longitudinal axis 40 

increases from the first nodal cell 68 to the first distal cell 70 and then to the second 

distal cel! 71. Similarly the length of each cell increases in the other direction from the 

first nodal cell 68 to the third distal cell 72 and then to the fourth distal ceil 73. As the
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4 tubular stent 56 is a mirror image through the plane of the longitudinal centre 41 , the 
maximum ceil length parallel to the longitudinal axis 40 increases from the second 

nodal cell 69 to the fifth distal celt 74 and then to the sixth distal cell 75. Similarly the 

length of each eel! increases in the other direction from the second nodal cell 69 to 
5 the seventh distal cell 76 and then to the eighth distal cell 77. Thus, working from the 

first nodal cell 68 to the second nodal cell 69, the maximum cell length increases to 

the longitudinal centre 41 and then decreases to the second nodal cell 69.

In use of this embodiment, the stent 56 is implanted into a blood vessel as described
) in the previous embodiments. However, the stent 56 of this embodiment is 

specifically adapted for implantation in blood vessels at sites where there are two 
lesions. The stent 56 is such that the first nodal cell 68 and the second nodal cell 69 

are the same distance apart as the centres of the two lesions. On implantation, the 
stent 56 is located in the blood vessel so that the first and second nodal cells 68, 69 

i are aligned with each lesion, respectively. Thus the stent 56 has greatest radial 

strength at the locations corresponding to the positions of the two lesions and there 

is gradually increasing flexibility of the stent along the sections away from and
between the first and second nodal cells 68, 69.

) It is to be understood that in further embodiments of the present invention, stents are 

provided with more than two nodal cells. In these embodiments, the stents are 

adapted for implantation in blood vessels having more than two lesions.

In the above described embodiments, drugs or other pharmaceutically active agents 

25 may be releasably associated with the tubular stent 1, the drugs being released after 

implantation of the stent 1 into a blood vessel. Typically, the drugs are anti­

inflammatory or anti-proliferative or anti-thrombotic drugs which control the 

inflammation response or restenosis or thrombosis of the blood vessel upon

implantation of the stent 1.
30

In this specification, the term ‘comprises’ and its variants are not intended to exclude

the presence of other integers, components or steps.



In this specification, references to prior art are not intended to acknowledge or
suggest that such prior art is part of the common general knowledge in Australia or

that a person skilled in the relevant art could be reasonably expected to have

ascertained, understood and regarded it as relevant.
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CLAIMS

1. A tubular stent having first and second ends and a longitudinal axis 

therebetween, the tubular stent being formed from a network of struts which defines

5 a cylindrical surface about the longitudinal axis, the struts delineating a plurality of 

cells within the network, there being rows of cells parallel to the longitudinal axis, at 

least one cell in each row being a nodal cell, there being an increase in the maximum 
length parallel to the longitudinal axis of cells from the at least one nodal cell to a first 

distal cell in the row that is closer to the first or second end of the tubular stent and

10 there being a second distal cell in the row which has a different maximum length 

parallel to the longitudinal axis from the nodal cell and the first distal cell and wherein 

the network of struts comprises a plurality of circumferential rings, each ring 
extending perpendicularly to the longitudinal axis and the rings being located 

adjacent to each other parallel to the longitudinal axis to define the cylindrical

15 surface, the circumferential rings being of a wave form, each circumferential ring 

having an amplitude parallel to the longitudinal axis, such that each wave form 

comprises a plurality of peaks which extend towards the axial centre of the tubular 
stent and a plurality of troughs which extend away from the axial centre of the tubular 

stent, characterised in that:

20 the circumferential rings comprise nodal circumferential rings and distal
circumferential rings, wherein the nodal circumferential rings define the at least one 

nodal cell of the tubular stent, adjacent nodal circumferential rings being aligned so 

that the respective peaks and/or troughs of the nodal circumferential rings are 
aligned with each other and linked to each other, the nodal circumferential rings thus

25 defining the at least one nodal cell of each row of cells;

the nodal circumferential rings and the distal circumferential rings are aligned

such that where a first distal circumferential ring is adjacent to a second distal 

circumferential ring or a nodal circumferential ring, at least some of the peaks of the 

wave form of the first distal circumferential ring are aligned with at least some of the

30 troughs of the wave form of the second distal circumferential ring or the nodal

circumferential ring and are linked to each other such that adjacent circumferential

rings define cells within the network; and
each distal circumferential ring has a wave form that alternates between a

maximum amplitude peak and trough and a minimum amplitude peak and trough,



30

20
12

24
60

86
 

28
 F

eb
 2

01
4

wherein the peak-peak amplitude of the maximum amplitude peaks and 

troughs of the distal circumferential rings increases progressively from a distal 
circumferential ring relatively closer to a nodal circumferential ring to a distal 

circumferential ring relatively further from the nodal circumferential ring,

5 wherein the peak-peak amplitude of the maximum amplitude peaks and

troughs increases geometrically.

2. A tubular stent according to claim 1 wherein the stent is crimpable.

10 3. A tubular stent according to claim 1 or 2 wherein the increase in maximum

length parallel to the longitudinal axis of cells from the nodal cell of the tubular stent 

to the first distal cell comprises a component with a geometric increase.

4. A tubular stent according to any one of claims 1 to 3, wherein adjacent distal

15 circumferential rings are linked to each other only by the maximum amplitude peaks

and troughs.

5. A tubular stent according to any one of claims 1 to 3, wherein at least some of 

the adjacent distal circumferential rings are linked to each other by the maximum

20 amplitude peaks and troughs, and by the minimum amplitude peaks and troughs.

6. A tubular stent according to any one of claims 1 to 5, wherein there is an increase 

in the peak-peak amplitude of the minimum amplitude peaks and troughs of the distal 

circumferential rings from a distal circumferential ring relatively closer to a nodal

25 circumferential ring to a distal circumferential ring relatively further from a nodal 

circumferential ring.

7. A tubular stent according to claim 6, wherein the peak-peak amplitude of the 

minimum amplitude peaks and troughs of the distal circumferential rings increases

30 progressively from a distal circumferential ring relatively closer to a nodal 
circumferential ring to a distal circumferential ring relatively further from the nodal 

circumferential ring.

8. A tubular stent according to claim 6 or 7, wherein the peak-peak amplitude of

35 the minimum amplitude peaks and troughs increases geometrically.
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9. A tubular stent according to any one of the preceding claims, wherein the at 

least one nodal cell is a closed cell.

5 10. A tubular stent according to any one of the preceding claims, wherein the

maximum length parallel to the longitudinal axis of cells from the at least one nodal 

cell to a distal cell relatively closer to the first end of the tubular stent increases at a 

different rate from that at which the maximum length parallel to the longitudinal axis 

of cells increases from the at least one nodal cell to a distal cell relatively closer to

10 the second end of the tubular stent.

11. A tubular stent according to any one of the preceding claims, wherein there is a 
second nodal cell closer to one of the ends of the tubular stent than the first nodal 

cell, wherein there is a distal cell between the first and second nodal cells, and

15 wherein the maximum length parallel to the longitudinal axis of cells increases from 

each nodal cell to the distal cell between the nodal cells.

12. A tubular stent according to any one of the preceding claims, wherein there is a 

third nodal cell between the first and second nodal cells, wherein there is a first

20 intermediate distal cell between the first and the third nodal cells and a second 
intermediate distal cell between the second and the third nodal cells, and wherein the 

maximum length parallel to the longitudinal axis of cells increases from each of the 

first and third nodal cells to the first intermediate distal cell and from each of the 

second and third nodal cells to the second intermediate distal cell.

25

13. A tubular stent according to any one of the preceding claims, wherein the at 

least one nodal cell is the cell or cells closest to the axial centre of the tubular stent.

14. A tubular stent according to any one of the preceding claims, wherein a

30 pharmaceutically active agent is releasably associated with the tubular stent.
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