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(57) ABSTRACT 

A stent and a method of making a stent from a tubular 
member. The stent includes a pattern and an opening cut into 
the Wall of the stent and extending from the ?rst end to the 
second end. One or more connectors may be cut in the 
tubular Wall and extend into the opening cut in the tubular 
member. The connectors may aid in subsequent expansion 
and/or forming of the stent. 
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figure 1]? 

figure 1% 
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figure 2'5 
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figure 22) 
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figure 7 

figure 6 
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TUBULAR STENT AND METHODS OF MAKING 
THE SAME 

TECHNICAL FIELD 

[0001] This invention generally relates to stents and meth 
ods of making a stent from a tubular member for placement 
Within a body lumen or interior space of a body during a 
medical procedure. 

BACKGROUND 

[0002] Stents are expandable endoprosthetic devices 
adapted to be placed in a body lumen in order to maintain the 
patency of a body lumen by providing a How pathWay and/or 
structural support, for example. Stents are typically used in 
the treatment of atherosclerotic stenosis in blood vessels and 
the like to reinforce body vessels and to prevent restenosis 
folloWing angioplasty in the vascular system. Additionally, 
stents may be used in the treatment of aortic aneurysms, by 
providing strength to a Weakened vascular Wall. They have 
also been implanted in other body lumens, such as urinary 
tracts and bile ducts. Stents are generally tubular structures 
that may be radially expandable betWeen an unexpanded 
siZe and an expanded siZe greater than the unexpanded siZe. 
Therefore, a stent may be inserted through a body lumen in 
an unexpanded state and then expanded at a speci?c location 
Within the lumen to an expanded state. 

[0003] As the use of stents in a variety of medical proce 
dures is gaining Widespread acceptance, it is desirable to 
provide improved methods of manufacturing stents in order 
to increase ef?ciency, reduce costs, and/or minimiZe mate 
rial Waste. The disclosed stents and accompanying methods 
of manufacturing a stent may be deemed advantageous in 
vieW of the increased usage of stents during medical pro 
cedures. 

SUMMARY 

[0004] The invention is directed to a stent manufactured 
from a tubular member. The stent may be cut from a tubular 
member such that a pattern and an opening extending from 
the ?rst end to the second end of the tubular member are cut 
therein. The opening may de?ne a ?rst edge and a second 
edge through the Wall of the tubular member. One or more 
connectors may be cut along either the ?rst or second edge 
and may extend into the opening. 

[0005] Accordingly, a process of making a stent from a 
tubular member is disclosed. A tubular structure having a 
pattern con?gured to provide expansion and an opening 
de?ning a ?rst edge and a second edge may be cut from a 
tubular member. The opening may be cut such that one or 
more connectors may be cut along either the ?rst or second 
edge and extend into the opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The invention may be more completely understood 
in consideration of the folloWing detailed description of 
various embodiments in connection With the accompanying 
draWings, in Which: 

[0007] FIG. 1A is a perspective vieW of an exemplary 
stent Within the scope of the invention; 

[0008] FIG. 1B is a perspective vieW of an exemplary 
embodiment of a pattern cut in a tubular member to form a 
stent Within the scope of the invention; 
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[0009] FIG. 1C is a cut aWay vieW of the tubular member 
of FIG. 1B, more easily shoWing an opening cut along the 
tubular member including exemplary connectors Within the 
scope of the invention; 

[0010] FIG. 1D is a perspective vieW of the tubular 
structure formed after expansion of the tubular member of 
FIG. 1B; 

[0011] FIGS. 1E-1F are enlarged vieWs of exemplary 
embodiments of connectors Within the scope of the inven 
tion; 
[0012] FIG. 2A is a perspective vieW of another exem 
plary stent Within the scope of the invention including a 
plurality of connectors extending across an opening; 

[0013] FIG. 2B is a perspective vieW of an exemplary 
embodiment of a pattern cut in a tubular member to form a 
stent Within the scope of the invention; 

[0014] FIG. 2C is a cut aWay vieW of the tubular member 
of FIG. 2B, more easily shoWing an opening cut along the 
tubular member including exemplary connectors Within the 
scope of the invention; 

[0015] FIG. 2D is an enlarged vieW of an exemplary 
connector extending across an opening cut in a tubular 
member Within the scope of the invention; 

[0016] FIG. 3A is a perspective vieW of another exem 
plary stent Within the scope of the invention; 

[0017] FIG. 3B is a perspective vieW of an exemplary 
embodiment of a pattern cut in a tubular member to form a 
stent Within the scope of the invention; 

[0018] FIG. 3C is a cut aWay vieW of the tubular member 
of FIG. 3B, more easily shoWing an opening cut along the 
tubular member including exemplary connectors Within the 
scope of the invention; 

[0019] FIGS. 3D-3G are enlarged vieWs of exemplary 
embodiments of connectors comprising tooling nodes Within 
the scope of the invention; 

[0020] FIG. 4A is a perspective vieW of an exemplary 
embodiment of another tubular member to form a stent 
Within the scope of the invention; 

[0021] FIG. 4B is a cut aWay vieW of the tubular member 
of FIG. 4A, more easily shoWing an opening cut along the 
tubular member including a spine extending along the 
opening Within the scope of the invention; 

[0022] FIG. 5 is a plan vieW illustrating an exemplary 
device for elongating and/ or forming the tubular member of 
FIG. 3B; 

[0023] FIG. 6 is a plan vieW illustrating forming an 
exemplary stent having overlapping edges Within the scope 
of the invention; and 

[0024] FIG. 7 is a plan vieW illustrating forming an 
exemplary stent having a C-shape Within the scope of the 
invention. 

DETAILED DESCRIPTION 

[0025] As used in this speci?cation and the appended 
claims, the singular forms a , an”, and “the” include plural 
referents unless the content clearly dictates otherWise. As 
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used in this speci?cation and the appended claims, the term 
“or” is generally employed in its sense including “and/or” 
unless the content clearly dictates otherWise. 

[0026] The following detailed description should be read 
With reference to the draWings in Which similar elements in 
different draWings are numbered the same. The detailed 
description and the draWings, Which are not necessarily to 
scale, depict illustrative embodiments and are not intended 
to limit the scope of the invention. The illustrative embodi 
ments depicted are intended only as exemplary. Selected 
features of any illustrative embodiment may be incorporated 
into an additional embodiment unless clearly stated to the 
contrary. 

[0027] Referring noW to the draWings, and particularly 
FIG. 1A, illustrates an exemplary stent 10 Within the scope 
of the invention. As discussed herein, stent 10 may be 
formed from a tubular member. Stent 10 may be manufac 
tured from a variety of materials. For example, stent 10 may 
include a nickel-titanium alloy, such as a shape memory 
material commonly referred to as nitinol, Which may pro 
vide the stent 10 With superelastic properties, psuedoeleastic 
properties, or linear elastic properties. Other suitable mate 
rials for the stent include, but are not limited to, stainless 
steels and their alloys, composites, platinum enhanced stain 
less steel, layered materials, niobium (Nb), Zirconium (Zr), 
NbiZr alloys, tantalum (Ta), platinum (Pt), titanium (Ti), 
gold (Au), silver (Ag), magnesium (Mg), and alloys and 
compositions comprising the same. Polymers, polymer com 
posites, and combinations and mixtures thereof, may also be 
used. Stent 10 may be treated or coated With an anti 
thrombogenic agent, an anti-proliferative agent, an anti 
in?ammatory agent, or an anti-coagulant. Additionally or 
alternatively, stent 10 may be treated or coated With a 
medication, such as a time-release drug. Stent 10 may also 
desirably have radiopaque characteristics for visualiZation 
on a ?uoroscopy device, Which may aid in proper placement 
of the stent 10 during a medical procedure. For example, 
stent 10 may be doped With, plated With, or otherWise 
include a radiopaque material. Radiopaque materials are 
understood to be materials capable of producing a relatively 
bright image on a ?uoroscopy screen or another imaging 
technique during a medical procedure. Some examples of 
radiopaque materials include, but are not limited to, gold 
(Au), platinum (Pt), palladium (Pd), tantalum (Ta), tungsten 
(W), plastic material loaded With radiopaque ?ller, and the 
like. Stent 10 may, alternatively or additionally, include MRI 
compatible materials and/or be coated With one or more 
MRI compatible coatings. 

[0028] NoW referring to FIG. 1B, stent 10 may be formed 
from a tubular member 50. Tubular member 50 may be a 
thin-Walled tube having appropriate dimensions. A pattern 
60 may be cut into tubular member 50. Although a relatively 
simple pattern of interconnected segments is shoWn in FIG. 
1B, numerous patterns of varying design and complexity are 
possible. A selected pattern 60 may dictate the degree of 
expansion and/or ?exibility of stent 10. Pattern 60 may be 
cut into tubular member 50 by a laser cutting device con 
trolled by a computer automated system, for example a 
computer numerically controlled (CNC) machine. Such a 
laser cutting device may be able to replicate a very intricate 
and precise pattern 60. A laser beam, for example, or a laser 
beam traveling through a ?uid jet may be directed at the 
tubular member 50. The tubular member 50 may be trans 
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lated and/or rotated relative to the position of the laser, or 
vise versa, in order to cut the desired pattern 60. The lumen 
20 of the tubular member 50 may be subjected to a ?uid 
column to ?ush dross from the tubular member, provide 
cooling to the cutting Zone, and/or de?ect the laser beam 
from the opposing Wall of the tubular member 50 during the 
cutting process. The ?uid column may be a gas and/or a 
liquid, and a single or multiple ?uid columns may be 
provided through the lumen 20. For example, tWo ?uid 
columns may be separated by a tubular mandrel disposed 
Within the lumen 20 of the tubular member 50, such that a 
?rst column of ?uid is positioned in the annular space 
betWeen the tubular member 50 and the mandrel and a 
second ?uid column is positioned in the lumen of the tubular 
mandrel. Such a laser cutting process is disclosed in US. 
Pat. No. 6,696,666 entitled Tubular Cutting Process and 
System, Which is herein incorporated by reference in its 
entirety. Other cutting techniques may include optical etch 
ing, chemical etching, electron beam ablation, material 
deposition, as Well as other laser ablation techniques. 

[0029] FIG. 1C shoWs a cut aWay vieW of tubular member 
50. An opening 30 may be cut through tubular member 50 
during the cutting process or during an additional cutting 
process. Opening 30 may extend from the ?rst end 22 of the 
tubular member 50 to the second end 24 of the tubular 
member 50. Opening 30 de?nes a ?rst edge 32 and an 
opposing second edge 34 of the Wall of the tubular member 
50 and may extend from the ?rst end 22 to the second end 
24. Edges 32, 34 may extend from the outer surface to the 
inner surface of the Wall of the tubular member 50. Opening 
30 may extend substantially longitudinally along tubular 
member 50. HoWever, opening 30 may extend helically 
around the tubular member 50, providing a helical con?gu 
ration of opening 30 along the length of tubular member 50, 
undulate along at least a portion of the length of tubular 
member 50, or otherWise extend along tubular member 50 in 
a regular or irregular manner. 

[0030] One or more connectors 40 may be cut along the 
?rst edge 32 and extend into the opening 30. Additionally or 
alternatively, one or more connectors 40 may be cut along 
the second edge 34 and extend into the opening 30. Con 
nectors 40 may be positioned adjacent one another and 
extend from opposing edges 32, 34 of the tubular member 
50, or connectors 40 may be alternated along at least a 
portion of the length of the opening 30. A connector 40 may 
extend from the ?rst edge 32 toWard the second edge 34 and 
be attached to a connector 40 extending from the second 
edge 34 toWard the ?rst edge 32, thus creating one continu 
ous connector 40 spanning the opening 30 betWeen the ?rst 
edge 32 to the second edge 34. Alternatively, opposing 
connectors 40 may not be attached to one another, thus a 
space may remain betWeen opposing connectors 40. 

[0031] FIGS. 1E and IF shoW tWo possible embodiments 
of connector 40. As shoWn in FIG. 1E, connector 40 may be 
a serpentine or Zig-Zag shaped strut extending from the ?rst 
edge 32 to the second edge 34. The shape and siZe of 
connector 40 may be dimensioned such that the connector 
40 may be elongated a predetermined amount during a 
subsequent expansion process. FIG. 1F shoWs another 
embodiment of a connector 40 similar to that shoWn in FIG. 
1E. Connector 40 may have a serpentine or Zig-Zag shape 
having a grasping portion, such as an eyelet 42. The eyelet 
42 may be substantially located in the central portion of the 












