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ABSTRACT 

A stent is provided for having variable flexibility and 
StiffneSS along its length. The Stent comprises portions of the 
Stent having different bending and durability characteristics, 
and may be fabricated, using any of a variety of methods, out 
of any of a variety of materials. 
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VARIABLE FLEXBILITY STENT 

FIELD OF THE INVENTION 

0001. This invention concerns a novel stent. More par 
ticularly, this invention concerns a Stent having variable 
flexibility and stiffness. 

BACKGROUND OF THE INVENTION 

0002. A common characteristic of many stents in the 
market is longitudinal axis Symmetry. Some of the Stents, 
Such as the Medtronic WIKTORTM Stents and the Medtronic 
InStent CARDIOCOILTM stents, have a spiral structure. 
Such spiral Structures have a cyclic helical coil element 
called “pitch.” Other stents, such as the ACS MULTI 
LINKTM stent, the Johnson & Johnson PALMAZ 
SCHATZTM stent, and the Medtronic Instent beSTENTTM, 
are designed with a cyclic mesh element. Further Stents Such 
as the Johnson & Johnson Articulated Stent and the NIR 
Stent have a double cyclic structure, that is, odd and even 
longitudinal elements where an odd element comes after an 
even element, and all the odd elements are identical and all 
the even elements are identical. 

0.003 All the above stents have in common the charac 
teristic of the uniformity of flexibility or durability for 
bending along the length of the Stent. 
0004 Tests done on long stents loaded with bending 
Stresses reveal a large bending moment in the central area of 
the stent. (See, for example, FIGS. 1a-1f) Such stresses 
may cause fatigue and even fracture at the center of the Stent. 
On the one hand, Significant Stent flexibility is required 
during deployment while, on the other hand, Significant 
rigidity is required in the expanded State of the Stent. Since 
the bending moment increases from Zero at the ends of the 
Stent to a maximum value at the center, it has been deter 
mined that there is a need for a stent having a significant 
durability for bending at the exact place where the durability 
is required, that is, at the middle of the Stent. 

OBJECTS OF THE INVENTION 

0005. It is an object of this invention to provide a novel 
Stent which does not have the disadvantages inherent in 
known Stents. 

0006. It is also an object of this invention to provide a 
stent having variable flexibility and/or durability and/or 
stiffness. 

0007. It is further object of the invention to provide a 
Stent having a large or Significant durability for bending, i.e., 
rigidity or Stiffness, at the middle portion o the Stent. 
0008. These and other objects of the invention will 
become apparent to one skilled in the art from the discussion 
below. 

SUMMARY OF THE INVENTION 

0009. The present invention provides for a novel stent 
which overcomes many of the disadvantages associated with 
various prior art Stent designs which rely upon a Stent 
construction which provides for a uniformly rigid construc 
tion or a uniform alternating rigid/leSS rigid construction. 
The invention provided for herein is directed to a stent 
having variable flexibility and moment along its length. The 
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Stent comprises portions of the Stent having different bend 
ing and durability characteristics, as designed. In one 
embodiment of the invention, the members of the stent have 
components that have been designed to impart different load 
characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIGS. 1a-1f are diagrams of loading studies of 
various Stents, 
0011 FIG. 2 is an oblique view of one embodiment of 
the invention; and 

0012 FIG.3 is a plan view of another embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0013 The invention can perhaps be better appreciated by 
making reference to the drawings. In FIG. 2, a Stent 1 is 
positioned on the outer surface of a catheter 3. Stent 1 in this 
embodiment comprises a mesh lattice construction having 
sections 5, 7, 9, 11, 13, and 15 which are of varying degrees 
of flexibility or stiffness. For example, end sections 5 and 15 
are comprised of Smaller diameter and, therefore, less rigid 
mesh, inner Sections 7 and 13, are comprised of larger 
diameter and more rigid mesh, and center Sections 9 and 11 
are comprised of even larger diameter and Still more rigid 
mesh. 

0014) Annular members 19 are shown in FIG. 2 to be 
Substantially Similar in Size, both in length and cross-section. 
However, it is within the scope of the invention that annular 
members 19 can vary in size, especially cross-section, and 
impart different rigidity to stent 1. Similar to the discussion 
above for sections 5, 7, 9, 11, 13, and 15, annular members 
19 could have larger cross-section near the middle of stent 
1 and increasingly Smaller cross-sections toward the ends of 
stent 1. 

0015. Another embodiment of the invention is repre 
sented in FIG. 3 by the partial lattice-work section 31 of a 
balloon-expandable stent where annular members 33 expand 
as a dilatation balloon is expanded within the Stent. CroSS 
members 35 will continue to “link' members as the stent 
expands. While annular member 33 can be of similar size 
and rigidity, according to the invention members 33 will 
differ in size, e.g., thickness or even length, over the length 
of Stent 31, to provide desired characteristics. It is antici 
pated that, as described before for the embodiment of FIG. 
2, cross members 35 will be more rigid toward the longi 
tudinal center of Stent 31 and less rigid toward the ends. 
0016. The actual dimensions of stents according to the 
invention will vary dependent upon intended use and the 
characteristics to be imparted. For example, for a Stent 
intended for cardiovascular use and having an expanded 
length of from about 3 to 10 cm, the annular members and/or 
croSS members may each have a cross-sectional profile of 
from about 0.01 to 0.10 cm, varying as discussed above. 
0017. The stents according to the invention can be com 
prised of a variety of materials known to be useful in 
fabricating Stents, Such as StainleSS Steel, nitinol, tantalum, 
and/or other metals or alloys. If the Stent is a mesh, the mesh 
can be formed, Stamped, or etched to vary the size and/or 
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diameter of the mesh components. Alternatively, the mesh 
could be formed from component members of different 
diameters that are Soldered or welded together. Fabrication 
is discussed more below. 

0.018. It is within the scope of the invention that a stent 
having variable Stiffness could be comprised of other than a 
mesh. For example, a Spiral coil Stent could be formed from 
wire of variable diameter where the rigidity or stiffness of 
certain portions would vary according to the diameter. 
Preferably the end portions would be of a small diameter 
with gradual or Step increases in diameter occurring toward 
the center of the stent. 

0.019 Aprimary characteristic of stents according to the 
invention is that the moment diagrams, Such as are shown in 
FIGS. 1a-1f, will be modified to avoid an unacceptable load, 
or peak, in the middle. Thus, in the Stents according to the 
present invention the load will be distributed more evenly 
acroSS the entire length of the Stent. 
0020. The manufacture of stents according to the presen 
tation invention may be accomplished via any of a variety of 
methods. 

0021. In one method of fabrication of a patterned etched 
cylinder a wire mesh is formed from a flat planar Surface and 
then its two opposite edges are fused to create a cylinder. 
This method, however, Suffers a basic disadvantage in that 
the presence of the fusing line creates a weakened area along 
the longitudinal axis of the Stent, which is potentially Subject 
to fatigue and breakage. Therefore, it is preferable for the 
stent to be formed from a more uniform piece of material to 
avoid this potential problem. 
0022. There are also two alternative methods for imaging 
the desired pattern, i.e., the location of points, undulating 
connectors, ring and connecting Segments, etc., as may be 
required by a particular Stent design onto a continuous 
cylinder, without the need of fusing into a cylinder after 
forming of the design. These methods, a film contact imag 
ing method and a laser Scanning method, are disclosed in 
co-pending U.S. patent application Ser. No. 08/543,337, 
filed Oct. 16, 1995, the teachings of which are incorporated 
herein by reference. 
0023 AS has been described in more detail in said 
co-pending application, the film contact imaging method is 
carried out using an elliptical mirror which reflects ultra 
violet light from an ultraviolet light source. The ultraviolet 
light Source is located at one focal point of the elliptical 
mirror and illuminates through a slit of narrow aperture 
(which eliminates Scattered light). The slit or aperture is 
located at the other focal point of the elliptical mirror to 
allow for high density power illumination from the ultra 
violet source. Rays of ultraviolet light are thus reflected off 
of the elliptical mirror to pass through the Slit or aperture and 
onto a moving film. The Slit extends parallel to the longi 
tudinal axis of a hollow tube or cylinder. The film carries the 
design Sought to be provided onto the Surface of the tube or 
cylinder. 

0024. The film is in contact with the hollow cylinder. The 
hollow cylinder is made of material which is to be fabricated 
into the stent of the present invention. The film serves as a 
mask or template, being transparent to ultraViolet light in 
Some areas and opaque to ultraViolet light in others in the 
predefined Stent pattern. The cylinder is coated with an 
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appropriate material (a photoresist) for a photo-etching 
process. AS ultraViolet light is transmitted onto the film 
through the slit, the film moves past the cylinder while the 
cylinder rotates. The rotation of the cylinder is correlated 
with the movement of the film to appropriately image the 
pattern on the film around and onto the cylinder. As a result, 
ultraViolet light passing through UV-transparent portions of 
the film template will strike the cylinder in the desired 
pattern to photoetch the appropriate configuration onto the 
cylinder. An acid treatment is then used to remove the areas 
which were struck by the UV light. In general, the chemical 
aspects of the System are similar to that used in the manu 
facturer of computer chips, i.e., photoresist, masking, acid, 
etc. 

0025. It should be pointed out that variations on this 
design will be understood by those of ordinary skill in the 
art. For example, in the presence of a Sufficiently high 
powered light Source, usage of an elliptical mirror is not 
essential. 

0026. The second, and preferred, method, which is also 
described in more detail in Said co-pending application, uses 
a laser Scanning System. The System consists of a cylinder or 
tube to be etched, a laser, the laser optics (containing beam 
components and modulator), and a dynamic deflector (Such 
as a rotating mirror, a polygon, or any other known Scanning 
deflector). The system is based upon a well-known flat bed 
Scanning System. The cylinder is coated with a photoresist, 
or material Suitable for photoetching. A laser is Selected of 
the appropriate power and wavelength Suitable for Stimulat 
ing the photoresist in use. For example, for an ablation 
method, the laser can be high powered IR laser diode; for a 
photoresist Sensitive to visible light, the laser can be a laser 
in the visible range or for a conventional UV photoresist, an 
Eximer laser or third (or higher) harmonic generation 
Nd:YAG/Nd:YLF laser can be used. The laser beam is 
shaped by an appropriate optical System, and modulated by 
direct modulation in the case of an IR laser diode, with AOM 
(an Acoustic Optical Modulator) in the case of a CW laser 
in the visible, or by a vibrating mirror in the case of a UV 
laser. 

0027. The laser beam from the laser hits a deflector 
device which can be a rotating mirror, a polygon mirror, or 
other known Scanning device. The beam emerges from the 
deflector, passing through a Scan lens and is focused on the 
cylinder. The cylinder, which is coated with a photoresist, 
rotates about its longitudinal axis at a constant angular 
velocity, while the beam scans back and forth. The modu 
lation of the laser beam allows writing a computer imaging 
file directly on the cylinder without the need of intermediate 
media (e.g. film). The laser Scanning Velocity is correlated to 
the cylinder angular Velocity, and is determined by the 
energy required for exposure of the photoresist. 
0028. It is contemplated that the stents according to the 
present invention may also be fabricated by any of a variety 
of other methods and techniques available to the art without 
departing from the Spirit or Scope of the invention. 
0029. It is also contemplated that the stents of the present 
invention may be constructed in any of a number of con 
figurations and arrangements known in the art So long as the 
primary requirement of the invention is met, that being that 
the Stent be constructed in Such a manner that the end 
product Stent is provided with a varying degree of flexibility 
and Stiffness along the length of the Stent. 



US 2001/004 1930 A1 

0030. It will thus be seen that the objects set forth above, 
among those made apparent from the preceding description, 
are efficiently attained and, Since certain changes may be 
made in the constructions Set forth without departing from 
the Spirit and Scope of the invention, it is intended that all 
matter contained in the above description and shown in the 
accompanying drawings shall be interpreted as illustrative 
and not in a limiting Sense. 
0031. It is also to be understood that the following claims 
are intended to cover all of the generic and Specific features 
of the invention herein described and all statements of the 
Scope of the invention which, as a matter of language, might 
be said to fall therebetween. 

What is claimed is: 
1. A Stent having variable bending flexibility acroSS its 

length. 
2. The stent of claim 1, wherein the stent is comprised of 

component members having variable dimensions to vary the 
Stiffness of the Stent in the longitudinal direction. 

3. The stent of claim 1, wherein the stent is comprised of 
component members having variable composition to vary 
the Stiffness of the Stent in the longitudinal direction. 

4. The stent of claim 1, wherein the stent is relatively less 
rigid for bending at its ends and relatively more rigid for 
bending in its center. 

5. The stent of claim 1, which is comprised of a mesh. 
6. The Stent of claim 1, which is comprised of a spiral coil. 
7. The stent of claim 1, which is fabricated out of a 

material Selected from the group comprising StainleSS Steel, 
nitinol, titanium, tantalum, and other metals and metal 
alloys. 

8. The stent of claim 1, which has been fabricated by a 
method Selected from the group comprising forming, Stamp 
ing and etching. 

9. The stent of claim 1, which has been fabricated using 
a film contact imaging method. 

10. The stent of claim 1, which has been fabricated using 
a laser cutting method. 

11. A Stent having variable flexibility acroSS its length, 
which comprises a tubular member consisting essentially of 
annular members intended to expand and croSS member 
having ends, the end of each croSS member being attached 
to an annular member, 
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wherein the croSS members have differing rigidity for 
bending Such that the Stent has variable flexibility along 
its length. 

12. A Stent comprising a plurality of expandable annular 
members, and a plurality of croSS members having ends, the 
ends of each croSS member being attached to an expandable 
annular member at a point in common with a longitudinally 
adjacent croSS member; the expandable annular members 
differing in their relative rigidity and positioned So as to vary 
the bending flexibility of the Stent along its length. 

13. The stent of claim 12 comprising a plurality of 
dimensionally variable members. 

14. The Stent of claim 12 comprising a plurality of 
compositionally variable members. 

15. The stent of claim 12, wherein the expandable annular 
members positioned at the ends of the Stent are less rigid 
than the expandable annular members positioned at the 
center of the stent, such that the bending flexibility of the 
Stent is greater at the ends of the Stent than in the middle of 
the Stent. 

16. The stent of claim 12 fabricated from at least one 
material Selected from the group consisting of StainleSS Steel, 
nitinol, titanium, tantalum, and other metals and metal 
alloys. 

17. The stent of claim 12, which has been fabricated using 
a method Selected from the group consisting of forming, 
Stamping, and etching. 

18. The stent of claim 12, which has been fabricated using 
a film contact imaging method. 

19. The stent of claim 12, which has been fabricated using 
a laser cutting method. 

20. The stent of claim 12, wherein both the expandable 
annular members and the cross members differ in their 
relative rigidities. 

21. The Stent of claim 12 comprising a plurality of distal 
ends and a middle portion, wherein the bending flexibility of 
the Stent is greater at the distal ends than at the middle 
portion. 


