
US 20040243217A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0243217 A1 
(19) United States 

Andersen et al. (43) Pub. Date: Dec. 2, 2004 

(54) EXPANDABLE STENT 

(76) Inventors: Erik Andersen, Roskilde (DK); Ning 
Wen, Chantilly (FR) 

Correspondence Address: 
BIRCH STEWART KOLASCH & BIRCH 
PO BOX 747 
FALLS CHURCH, VA 22040-0747 (US) 

(21) Appl. No.: 10/489,181 

(22) PCT Filed: Sep. 5, 2002 

(86) PCT No.: PCT/EP02/09931 

(30) Foreign Application Priority Data 

Sep. 11, 2001 (GB) ....................................... .. 01219807 

Publication Classi?cation 

(51) Int. Cl? ...................................................... ..A61F 2/06 
(52) Us. 01. .......................................................... ..623/1.15 

(57) ABSTRACT 

An expandable stent comprising a tubular body made up of 
a plurality of separated tubular elements (1) arranged along 
a common longitudinal axis. Each tubular element (1) com 
prises a plurality of rhombic-shaped closed cell elements (2) 

joined by circumferentially extending linking members The closed cell elements (2) are expandable to alloW the 

tubular elements, and hence the stent itself, to expand. In the 
direction of the longitudinal axis of the stent, the extremities 
of each of the closed cell elements has an enlarged loop (30) 
With Waisted portions (33) Which alloW the tubular elements 
to interlock to create a stable structure, at least When in the 
unexpanded condition. 
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Fig.2. 
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Fig.8. ‘ 



Patent Application Publication Dec. 2, 2004 Sheet 7 0f 17 US 2004/0243217 A1 







Patent Application Publication Dec. 2, 2004 Sheet 10 0f 17 

Fig.:12A. 
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Fig.18A. 
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EXPANDABLE STENT 

[0001] This invention relates to an expandable tubular 
stent for implantation in the lumen of a body duct in order 
to ensure a passage therein. 

[0002] Such stents are used mainly in the treatment of 
blood vessels exhibiting stenoses, and more generally in the 
treatment of diseases of various anatomical ducts of the 
human or animal body, such as, for example, the urinary 
ducts, especially the urethra, or the digestive ducts, espe 
cially the oesophagus. 

[0003] The percutaneous implantation of an expandable 
tubular stent in a stenotic blood vessel is generally recom 
mended, for example after a conventional angioplasty pro 
cedure, for preventing the dilated vessel from closing up 
again spontaneously or for preventing its occlusion by the 
formation of a neW atheromatous plaque and the possible 
recurrence of stenosis. 

[0004] A knoWn type of expandable tubular stent consists 
of an assembly of radially expandable, tubular elements 
aligned along a common longitudinal axis and successively 
joined together in pairs by respective sets of linking mem 
bers. Such a stent is disclosed, for example, in international 
patent application WO 98/58600 in Which each of the 
tubular elements consists of a strip forming a ZigZag corru 
gation de?ning bent extreme portions Which are succes 
sively connected together in pairs in opposite directions by 
rectilinear intermediate portions. By virtue of this ZigZag 
corrugation, the stent is expandable betWeen a ?rst, unex 
panded state, enabling it to be implanted percutaneously by 
means of an insertion device of reduced diameter, and a 
second, expanded state, in Which the stent makes it possible 
to ensure a passage in the lumen of the body duct. Stents of 
this type are also disclosed in international patent applica 
tions WO 96/26689 and WO 98/20810. 

[0005] To install the stent, it is placed in the unexpanded 
state on an angioplasty balloon catheter. Once in place, the 
balloon is in?ated in order to cause the stent to expand. 
Alternatively, the stent may be made from a material Which 
has a recovery capacity, so that the stent may automatically 
expand, once in place. 

[0006] According to the invention there is provided a stent 
comprising a tubular body made up of a plurality of separate, 
radially expandable, tubular elements aligned along a com 
mon longitudinal axis, Wherein at least some of the tubular 
elements each comprise a plurality of closed cell elements, 
each joined to the next by a circumferentially-extending 
linking member. 

[0007] It Will thus be seen that each tubular element 
comprises a closed loop consisting of a series of alternating 
closed cell elements and circumferential linking members. 

[0008] In most knoWn stents, the tubular elements are 
physically linked to one another by longitudinally extending 
linking members. One or more of such longitudinally 
extending linking members may link each pair of adjacent 
tubular elements. HoWever, there are a number of advan 
tages to be obtained by not using longitudinally-extending 
linking members, so that the stent consists simply of a 
collection of separate tubular members Whose alignment 
along a common axis to form the stent is achieved by other 

Dec. 2, 2004 

means. Preferably the tubular elements, as Well as being 
expandable, are also compressible. 

[0009] By “separate” is meant that the tubular elements 
are not directly connected together by longitudinally-ex 
tending linking members. The Word “separate” does not 
imply that the elements may not touch and, as Will be 
explained beloW, in certain conditions of the stent, the 
linking members Will touch and Will indeed link together. In 
the absence of longitudinally-extending linking members, 
the structural integrity of the stent is realised by alternative 
means, such as: 

[0010] 1) A tubular member or frameWork Which is not 
directly joined to the adjacent tubular elements but over 
Which or Within Which the tubular elements are positioned in 
the desired alignment. For example, the balloon Which is 
used to expand the stent can be used to maintain the position 
of the tubular members With respect to one another. 

[0011] 2) Interlock means Which mechanically holds the 
tubular members together even though they are not directly 
joined. An example of this Would be to provide co-operating 
interlock means on the tubular elements themselves. 

[0012] In an embodiment of the invention, both these 
techniques are employed: the tubular elements are placed 
over the balloon and interlocked together so that the stent 
remains structurally stable during its often tortuous passage 
to the treatment site. Upon expansion, the interlocking is 
released, and the balloon alone then maintains the positional 
stability of the stent components. After the balloon has been 
de?ated, the expanded stent, Which has undergone plastic 
deformation, maintains its expanded shape and thus keeps 
the vessel being treated at its desired diameter. The 
expanded vessel applies a reaction force, due to its elastic 
nature, against the stent and thus maintains the position of 
the individual tubular elements making up the stent With 
respect to one another. 

[0013] In order to alloW the stent to expand it is necessary 
that the tubular elements be radially expandable. For this 
purpose, each tubular element is constructed in such a Way 
that it is expandable in the circumferential direction. This 
may be achieved by the closed cell construction of the 
invention in Which the expansion capabilities of the tubular 
elements are contained Wholly or primarily in the closed cell 
elements. To avoid out of balance forces during expansion, 
it is preferred that the closed cell elements be positioned 
symmetrically With respect to the circumferential linking 
members, but asymmetric arrangements are also possible. 

[0014] The tubular elements making up the stent may be 
all identical, or they may be different—for example, a stent 
could be made up of a combination of tubular elements 
comprising closed cell elements, and tubular elements con 
structed in some other Way, arranged to create particular 
desired properties of the stent as a Whole. 

[0015] The circumferential linking members may simply 
consist of rectilinear members extending in the circumfer 
ential direction. Alternatively the circumferential linking 
members may be angled to the circumferential direction, so 
long as they have a component in the circumferential 
direction so that the adjacent closed cell elements are spaced 
apart in the circumferential direction. In a further alternative, 
the circumferential linking members are not rectilinear, but 
are some other shape to create particular desired character 
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istics—for example, the circumferential linking members 
could be such as to provide a degree of ?exibility in the 
circumferential direction, although the expansion capabili 
ties of the tubular element Will still be primarily due to the 
closed cell elements. Preferably, all of the circumferential 
linking members are the same length in the circumferential 
direction so that the closed cell elements are evenly distrib 
uted about the circumference of the tubular element. 

[0016] The circumferential linking members attach to the 
closed cell elements at respective spaced attachment points, 
and each closed cell element is constructed in such a Way 
that it is capable of expanding from a ?rst position in Which 
the attachment points are relatively close together to a 
second position in Which the attachment points are relatively 
further apart. In this Way, the circumferential length of the 
tubular element can be increased from a relatively loW value, 
corresponding to the unexpanded condition of the stent, to a 
relatively higher value, corresponding to the expanded con 
dition of the stent. In one possible construction, each closed 
cell element comprises tWo individual members extending 
betWeen said attachment points, said members being spaced 
apart in the direction of the longitudinal axis of the stent. 
Thus, one of said members may be said to be the proximal 
member, the other the distal member. The proximal and 
distal members are preferably symmetrically arranged about 
a straight line joining the tWo attachment points, this line 
being coaxial around the circumference With the general 
direction of the circumferential linking members. 

[0017] The proximal and distal members are capable of 
bending in order to enable the expansion of the closed cell 
element from the ?rst position to the second position. This 
may be achieved in various Ways. For example, each of the 
proximal and distal members may be fabricated from a 
?exible member Which is thus able to bend to accommodate 
the required movement. Alternatively, each of the proximal 
and distal members is fabricated by a plurality of relatively 
rigid side members joined by hinge members. In the pre 
ferred embodiment, each of the proximal and distal mem 
bers comprises tWo such side members joined together by a 
hinge. Preferably the tWo side members are of equal length, 
but they do not need to be; hoWever, for a symmetric 
construction the corresponding side members in each of the 
proximal and distal members should be of equal length. 

[0018] In an embodiment, each closed cell element has a 
generally rhombic or diamond shape, comprising four side 
members of relatively stiff construction, joined by four hinge 
members corresponding to the corners of the rhombus. The 
circumferential linking members attach to the closed cell 
element at the location of opposite hinge members. Thus, 
each circumferential linking member has, at one end, one of 
the hinge members of one closed cell element and, at the 
opposite end, the opposite hinge member of the adjacent 
closed cell element. 

[0019] It is not essential that all the closed cell elements in 
each tubular element are the same shape. In an alternative 
embodiment every other closed cell element is of rhombic 
shape, as described above, Whilst the closed cell elements in 
betWeen comprise “double rhombic” elements, each com 
prising tWo rhombic shapes, as described above, aligned in 
the circumferential direction, but joined by a narroW, but not 
closed, neck portion. 
[0020] Other arrangements of closed cell elements are 
possible, according to the circumstances. 
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[0021] The aforesaid interlock means can conveniently be 
provided by providing an enlarged portion at each of the 
hinge members to Which the link members are not attached. 
The narroWing side members as they approach each hinge 
member, together With the respective enlarged portion, form 
a narroW or Waist portion Which can overlap With an 
enlarged portion from the next adjacent tubular element. 
TWo such Waist portions acting together can thus retain an 
enlarged portion from the next adjacent tubular element. 

[0022] The interlock means do not have to be provided on 
every closed cell element. It may be adequate to provide 
them on just a feW closed cell elements, but evenly spaced 
about the circumference, so as to give a balanced attachment 
betWeen adjacent tubular elements. For this purpose some of 
the closed cell elements may extend further in the axial 
direction of the stent than the remaining closed cell ele 
ments, so that these extended portions may interlink With the 
adjacent tubular element. 

[0023] This enlarged portion can be formed as a ?exible 
open cell With a narroWed neck, or can be formed as a 

relatively rigid block, from Which, for example, the tWo side 
members may emerge via a respective narroWed portion to 
act as a hinge—in this latter case, the hinge member actually 
consists of tWo separate hinges. 

[0024] In current medical practice, it is often the case that, 
in addition to its role in providing ongoing support for the 
vessel Wall, the stent is required to act as a means Whereby 
therapeutic agents may conveniently be applied. Indeed the 
trauma caused during the angioplasty procedure may call for 
localised drug treatment. In addition, drugs may be used to 
counteract restenosis, and for other purposes. Convention 
ally, such therapeutic agents are contained Within some form 
of coating Which is applied to the stent so that the drug Will 
be released over a period of time. One problem With such an 
arrangement, hoWever, is that, Whereas the drug needs 
primarily to be applied through the Wall of the vessel being 
treated, in practice as much of the drug is released into the 
?uid, e.g. blood, ?oWing Within the vessel as passes through 
the vessel Wall. Not only is the drug Which is Washed aWay 
effectively Wasted, it can also do positive harm elseWhere if, 
for example, it enters a sensitive organ such as the heart. 

[0025] Thus, in an embodiment of the invention the stent 
is equipped With Wells opening into its exterior surface— 
that surface Which, When the stent is in place, Will face the 
Wall of the vessel being treated—said Wells being suitable to 
contain therapeutic agent. 

[0026] The Wells may comprise holes or grooves opening 
into the exterior surface of the stent, and may or may not 
pass right through the material of the stent to the interior of 
the stent. HoWever, if the Wells pass through to the interior 
of the stent there is clearly a danger of at least some of the 
drug being released into the ?uid ?oWing Within the vessel. 
Therefore it is preferred that, in such a case, that end of the 
Well Which opens into the interior of the stent is constructed, 
for example by being made narroWer, and/or being plugged 
by a material Which prevents or considerably reduces the 
tendency of the therapeutic agent to ?oW therethrough. 

[0027] Thus it is preferred that the Well is Wholly or 
primarily open to the exterior surface of the stent so that the 
therapeutic agent may act directly on the Wall of the vessel 
and does not get Washed aWay by the ?uid ?oWing along the 
vessel being treated. 












