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(57) ABSTRACT 

Disclosed is an open cell Stent that has adjacent Sets of 
circumferential Struts connected by means of highly flexible, 
undulating, connecting Struts. To decrease outward flaring of 
the circumferential Struts when the pre-deployed Stent is 
advanced through highly curved vessels, each unconnected 
Strut of the Sets of circumferential Struts has a decreased 
longitudinal length as compared to the longitudinal length of 
the circumferential struts that are connected by the flexible 
connecting Struts. To decrease the propensity for Outward 
flaring of the end Set of circumferential Struts, the longitu 
dinal length of the end Set of circumferential Struts is shorter 
than the longitudinal length of the interior Set of circumfer 
ential struts. Also, the attachment point of the flexible 
connecting Struts is off the center of the curved Sections of 
the circumferential Struts, thus also decreasing the tendency 
for outward flaring of the end Set of circumferential Struts. 
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ULTRAFLEXBLE OPEN CELL STENT 

FIELD OF USE 

0001. This invention is in the field of stents for implan 
tation into a vessel of a human body. 

BACKGROUND OF THE INVENTION 

0002 Stents are well known medical devices that have 
been used for maintaining the patency of a large variety of 
vessels of the human body. The most frequent use is for 
implantation into the coronary vasculature. Although Stents 
have been used for this purpose for more than ten years, 
many Stent designs still lack the required flexibility and 
radial rigidity to provide an optimum clinical result. Another 
deficiency of open cell Stents is that Some Stent Struts 
members can flare outward (fish Scaling) as the stent is 
advanced through a tight curve. 

0.003 Most current tubular stents use a multiplicity of 
circumferential Sets of Strut members connected by either 
Straight longitudinal connecting links or undulating longi 
tudinal connecting linkS. The circumferential Sets of Strut 
members are typically formed from connecting diagonal and 
curved Sections forming a closed ring that opens up as the 
Stent expands to form the Structural element in the Stent that 
pushes against the arterial wall. A Single Strut member is 
defined as adjacent connected diagonal and curved Sections 
within one of the circumferential sets of strut members. 

0004. An open cell stent is defined as a stent that has 
circumferential Sets of Strut members with Some curved 
Sections (crowns) that are not connected by a longitudinal 
connecting link to an adjacent circumferential Set of Strut 
members. In comparison, a closed cell Stent has every 
curved Section of every circumferential Set of Strut members, 
except at the distal and proximal ends of the Stent, attached 
to a longitudinal connecting link. A Strut member whose 
curved Section is not attached to a longitudinal connecting 
link is defined as an unconnected Strut member. 

0005 There are several “open cell' stents that are cur 
rently being marketed for the treatment of coronary Stenoses. 
Examples of these are the Tetra stent from Guidant Corpo 
ration and the S670 stent from Medtronics, Inc. Each of 
these Stents has a limited number of Straight longitudinal 
connecting links to join adjacent curved Sections of adjacent 
circumferential Sets of Strut members. These Straight longi 
tudinal connecting linkScan cause outward flaring of the end 
circumferential Sets of Strut members as the Stent is bent 
around a curve. The interior unconnected Strut members also 
can flare outward when the pre-deployed Stent mounted on 
a balloon is advanced through a curved vessel Such as a 
coronary artery. Any flared out Strut can engage the vessel 
wall during Stent delivery in a curved vessel thereby pre 
venting the Stent from reaching the Site that is to be Stented. 

SUMMARY OF THE INVENTION 

0006 The present invention is a stent that is designed to 
optimize many of the operating parameters that are expected 
for stents in the first decade of the 21st century. Specifically, 
an optimum design would have the following characteris 
tics: 
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0007) I. IN THE PRE-DEPLOYED STATE 
0008 1. excellent flexibility 
0009 2. low profile (i.e.; small outside diameter 
of the stent) 

0010) 3. good radiopacity 

0.011) 4. Smooth outer Surface 
0012 5. no flaring of struts when advancing 
through curved arteries 

0013 6. a high degree of stent retention onto the 
delivery catheter 

0014 II. AFTER DEPLOYMENT 
0.015 1. flexible so as to conform to a curved 
artery 

0016 2. radially rigid (i.e.; low recoil) 
0017 3. good radiopacity 
0018, 4.good coverage of the vessel wall (i.e.; no 
plaque prolapse) 

0.019 5. Side branch access without strutbreakage 
0020. 6. minimal foreshortening compared to the 
length of the Stent in its pre-deployed State 

0021 Although many desirable attributes are required of 
the catheter that is used to deliver the Stent, the Scope of the 
present invention is limited to the design of the Stent itself. 
However, it should be understood that the reduced foreshort 
ening of this Stent is a result of having undulating longitu 
dinal connecting links that easily extend in their longitudinal 
length when the balloon onto which the stent is crimped is 
inflated. 

0022. To accomplish the goals listed in I. and II. above, 
the Stent would optimally have at least two open cells around 
the circumference of the Stent. A unique feature of the 
present invention is that each of the Strut members whose 
curved Sections are unconnected has a shorter longitudinal 
length as compared to the longitudinal length of the Strut 
members that are connected by a longitudinal connecting 
link. This shorter length (optimally on the order of 0.1 mm 
Shorter) reduces outward flaring of the unconnected Strut 
members when the Stent is advanced through highly curved 
vessels such as Some coronary arteries. Flaring (which is 
Sometimes called “fish-Scaling) can cause the stent to 
engage the vessel wall as the Stent is advanced through 
curved arteries. 

0023. Another novel feature of this stent is that the 
longitudinal connecting linkS can have an undulating shape 
So that they can easily expand or contract in their longitu 
dinal length when the Stent is advanced through a curved 
vessel. The extraordinary capability of this stent to bend 
easily is a combination of the fact that those curved Sections 
of adjacent circumferential Sets of Strut members that are 
connected are connected with flexible longitudinal connect 
ing links, and many (typically one-half) of the curved 
Sections are unconnected. Of course, the weakest possible 
connection that provides the highest degree of longitudinal 
flexibility is no connection at all. Therefore, the combination 
of no connections plus the few required connections 
between the circumferential sets of strut members being by 
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means of highly flexible undulating longitudinal connecting 
linkS imparts to this Stent an extraordinarily high degree of 
longitudinal flexibility. 

0024. It should also be understood that all the strut 
members at each end of the Stent should also have a 
Shortened longitudinal length because the outside curved 
Section of the end circumferential Sets of Strut members 
cannot be connected to any adjacent circumferential Set of 
Strut members. By shortening all the end Strut members, end 
flaring of the Stent as it is advanced through curved vessels 
can be reduced. Furthermore, the fact that the interior curved 
Sections of each Strut member at the ends of the Stent either 
has either no connection or a flexible, undulating longitu 
dinal connecting link connection to an inner Strut members, 
is also desirable in preventing flaring out of the Strut 
members at the ends of the stent. This is not the case for strut 
members that have a Straight connection to an end circum 
ferential Strut Such as shown in FIG. 5 of U.S. Pat. No. 
5,759,192. 
0.025 Good radiopacity for the stent is achieved by 
having a stainleSS Steel Stent that has a wall thickness that is 
at least 0.0045 inches. Another means would be to use a 
metal with a higher density Such as tantalum with a thickneSS 
greater than 0.002 inches. A third means for obtaining 
improved radiopacity would be to Sandwich a high density 
metal between two layers of stainless steel with each of the 
co-axial tubes having a wall thickness between 0.001 and 
0.002 inches with the total wall thickness of the stent being 
at least 0.003 inches. 

0026. Another feature of the present invention is that the 
undulating longitudinal connecting linkS readily extend in 
the longitudinal direction when the balloon is inflated. Since 
the circumferential Sets of Strut members upon deployment 
tend to decrease in their longitudinal length, the longitudinal 
lengthening of the undulating longitudinal connecting links 
has the effect of minimizing the foreshortening of the 
deployed Stent. 
0.027 Thus an object of the present invention is to have 
increased longitudinal flexibility for the Stent by having 
Some curved Sections of each circumferential Set of Strut 
members being unconnected to the curved Sections of the 
adjacent circumferential Set of Strut members with the other 
curved Sections being connected by highly flexible, undu 
lating longitudinal connecting linkS. 

0028. Another object of the present invention is to pre 
vent flaring of the unconnected Strut members by having a 
Shorter longitudinal length for the unconnected Strut mem 
bers. 

0029. Still another object of the invention is to have 
generally shorter longitudinal lengths for all the Strut mem 
bers in the circumferential sets of strut members at the stent 
ends to reduce the tendency for end flaring of the Stent. 

0030 Still another object of the invention is to decrease 
the propensity of the Stent to have end flaring by having each 
curved Section of the end Set of Strut members either being 
unconnected to the curved section of the adjacent (interior) 
set of strut members or being connected by a highly flexible 
undulating longitudinal connecting link. 

0.031) Still another object of the invention is to connect 
the flexible longitudinal connecting links to the curved 
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Section of the connected Strut members at a point at or near 
the point where the curved Section of each connected Strut 
members is joined to the diagonal Section of that connected 
Strut member, thus further reducing the propensity for end 
flaring. 

0032 Still another object of the invention is to have 
flexible longitudinal connecting links that are adapted to 
readily increase their longitudinal length when the balloon is 
inflated; thus minimizing the extent of Stent foreshortening 
upon Stent deployment. 
0033. These and other objects and advantages of this 
invention will become obvious to a person of ordinary skill 
in this art upon reading the detailed description of this 
invention including the associated drawings as presented 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034 FIG. 1 is a layout view of the stent of the present 
invention in its pre-deployed State as it would be crimped 
onto the balloon of a balloon expandable stent delivery 
System. 

0035 FIG. 2 is a layout view of a prior art stent showing 
a Straight longitudinal connecting link joining the inside of 
a curved Section of a circumferential Set of Strut members to 
the outside curved Section of the adjacent circumferential Set 
of strut members. 

0036 FIG. 3 is a layout view of a closed cell stent having 
flexible longitudinal connecting links attached at the center 
of the outside of all the curved sections of every circumfer 
ential Set of Strut members. 

0037 FIG. 4 is a layout view of the stent of FIG. 1 
shown in its deployed State. 
0038 FIG. 5 is a layout view of a stent of the present 
invention in which alternate adjacent curved Sections are 
connected by Straight longitudinal connecting linkS. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0039. Although stents are in fact thin-walled, lace-like, 
cylindrical tubes, they are best illustrated in the form of a 
flat, two-dimensional layout view as shown in FIGS. 1-5 
inclusive. 

0040 FIG. 1 is a flat, layout view of a cylindrical stent 
10 wherein each of the stents top ends would be joined to 
each of the stent's bottom ends to form the cylindrical stent 
10 in its pre-deployed, lace-like, cylindrical form. 
0041. The pre-deployed stent 10 of the present invention 
is shown in FIG. 1 as having a multiplicity of interior 
circumferential sets of strut members 20 and two end 
circumferential sets of Strut members 30, each indicated 
within a dashed rectangle. For the stent 10, the connected 
curved sections 11 and 11E and the unconnected curved 
Sections 12 and 12E are shown in crosshatch in FIG.1. Also 
shown in crosshatch in FIG. 1 is the long diagonal Section 
19L, medium length diagonal section 19M and short diago 
nal section 19S. Each of the interior sets of strut members 20 
consists of at least one long connected Strut member 24L, at 
least one medium length connected Strut member 24MC, at 
least one medium length unconnected strut member 24MU 
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and at least one unconnected Strut member 24S. Each of the 
long connected Strut members 24L consists of a long diago 
nal Section 19L joined along the line 22 to a connected 
curved section 11. Each medium strut member 24MC or 
24MU consists of one medium diagonal section 19M con 
nected along a line 22 to a curved Section 11. Each short 
unconnected Strut member 24S consists of a short diagonal 
section 19S joined to an unconnected curved section 12. As 
shown in FIG. 1, the longitudinal length of the long diagonal 
section 19L is L1 and the longitudinal length of the short 
diagonal section 19S is L2. As clearly seen in FIG. 1, the 
longitudinal length L1 is longer than the longitudinal length 
L2, i.e., L12L2. For an effective Stent design, L1 should be 
at least 0.1 mm longer than L2. 
0.042 Each of the connected curved sections 11 is joined 
to an adjacent curved Section 11 or 11E in the adjacent Set 
of Strut members by means of a longitudinally extending, 
flexible longitudinal connecting link 18 that consists of a 
central Segment 13, a bottom curved Segment 14 and a top 
curved segment 15. The bottom curved segment 14 is fixedly 
joined to a connected curved Section 11 along the junction 
line 16. The top curved Segment is joined to a connected 
curved section 11 along the junction line 17. The optimal 
placement of the junction lines 16 and 17 is at or near the 
connecting line 22 that joins a curved section 11 (or 11E) to 
a diagonal section 19L, 19M or 19E. Although an “S” type 
flexible strut 18 is shown in FIG. 1, it should be understood 
that any flexible longitudinal connecting link shape that can 
readily lengthen or shorten in its longitudinal extent as the 
pre-deployed Stent is advanced through a curved vessel 
could be used. Such flexible links are, for example, 
described in U.S. patent application Serial No. 09/192,101. 
Thus it is anticipated that the flexible link 18 could be in the 
form of an “N", an inverted “N", an “M” or a “W” or any 
other shape (Such as a “U”) that can easily change its length 
in the longitudinal direction as the pre-deployed Stent is 
advanced through or placed into a curved artery. 
0.043 AS previously stated, the unconnected diagonal 
sections 19S and 19M have a decreased longitudinal extent 
as compared to the longitudinal extent of the connected 
diagonal Sections 19L. This design provides an open area So 
that the bottom curved segments 14 of the flexible longitu 
dinal connecting links 18 do not interfere with the top curved 
segments 15 when the stent 10 is crimped onto a balloon of 
a stent delivery System. Thus a decreased profile (i.e., 
Smaller outer diameter) can be achieved for the pre-deployed 
stent 10 without causing the bottom curved segment 14 to be 
placed over (or beneath) the top curved segment 15. 
0044) Connected curved sections 11 do not have a ten 
dency to flare outward when the pre-deployed stent 10 is 
advanced through a curved vessel because the longitudinal 
connecting Struts 18 exert an inward radial force that tends 
to prevent Such flaring. Therefore, one can have connected 
Strut members 24L that are comparatively long and still they 
will not flare out to engage the vessel wall when the stent 10 
is advanced through a curved vessel. However, without 
longitudinal connecting links, an unconnected curved Sec 
tion (Such as the unconnected curved section 12) will tend to 
flare outward as the stent 10 is advanced around a bend in 
a curved vessel. To minimize Such, tendency to flare, the 
unconnected Strut members 24S have a short diagonal 
section 19S with a reduced longitudinal length L2 as com 
pared to the longitudinal length L1 of the diagonal Section 
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19L of the connected Strut members 24L. The unconnected 
medium strut member 24MU has a diagonal section 19M 
that has a reduced length as compared to the diagonal 19L 
of the long strut member 24L. A reduced length is defined 
herein as being at least 0.1 mm shorter than the length L1 of 
the long diagonal 19L. By this design, the pre-deployed Stent 
10 will have little or no flaring or fish-scaling for all interior 
curved sections of the stent 10. However, there will always 
be Some tendency to have end flaring for each of the end 
curved sections 12EE of the end set of strut members 30. 
Reduced flaring of the end curved Sections 12EE is accom 
plished by having comparatively short diagonal Sections 19E 
and also by the location of the attachment line 22 where the 
links 18 are joined to the curved sections 11E of the end set 
of strut members 30. The advantageous design of the stent 
10 of FIG. 1 in reducing the propensity for end flaring is best 
explained by first referring to FIGS. 2 and 3 that illustrate 
prior art Stent designs that tend to have a significant pro 
pensity for end flaring. 

004.5 FIG. 2 illustrates a prior art stent design which is 
the Multi-Link RX Ultra marketed by Guidant Corporation. 
In this design, the stent 40 has an end curved section 42E 
that has an inside connection of a Straight longitudinal 
connecting link 48 that connects to the outside of the interior 
connecting curved Section 41. Because the connecting Strut 
48 is formed out of the wall of a straight tube, it is straight, 
comparatively long and it tends to remain Straight as the 
stent 40 mounted on a balloon is advanced through a curved 
vessel. Thus the longitudinal connecting link 48 can actually 
force the end curved Section 42E to flare outward in a highly 
curved vessel. 

0046 FIG. 3 illustrates a stent design that has an “S”- 
shaped connecting link 58 connected at the centered, lon 
gitudinal end point 59 to an end connected curved Section 
51E. Thus there is some tendency for the short, straight 
section of the link 58 where it joins the curved section 51E 
to cause the end struts of the stent 50 to flare outward. It 
should be understood however, that the design of FIG.3 has 
a much decreased tendency for end flaring as compared to 
the design of FIG. 2. 

0047 Returning now to a discussion of FIG. 1, because 
the connection lines 16 and 17 are not at the centered, 
longitudinal end point of the connecting curved end Section 
11E, the flexible longitudinal connecting links 18 cannot 
exert a Substantial force onto the interior end curved Sections 
11 E to cause end flaring. In fact, because of the shape of 
curved sections 14 and 15, and because of their off-center 
attachment to the connected curved end Section 11E, the 
longitudinal connecting Strut 18 can only exert an insignifi 
cant torque onto the curved end Sections 11E. Thus, the 
connecting linkS 18 do not cause any Significant tendency to 
have any of the strut members of the end set of strut 
members 30 flare outward in curved vessels. Put another 
way, the undulating longitudinal connecting link 18 will tend 
to follow the curve within a curved vessel and will not have 
a tendency to remain Straight in the longitudinal direction as 
is the case for the Straight longitudinal connecting link 48 
shown in FIG. 2. Thus the flexible longitudinal connecting 
link 18 has a dramatically reduced propensity to cause end 
flaring of the stent 10. 

0048 Another factor in decreasing end flaring (as seen in 
FIG. 1) is that the longitudinal length L3 of the interior sets 
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of strut members 20 is greater by at least 0.05 mm as 
compared to the longitudinal length L4 of the end Sets of 
strut members 30. Also, the attachment point for the flexible 
longitudinal 15 connecting links 18 along the line 16 or 17 
is Such that the effective longitudinal length that can cause 
end flaring is even less than the length L4. For a connecting 
link such as the connecting link 58 of FIG. 3 that is 
connected at the center of an end curved Section, there would 
be an increased tendency for end flaring as compared to the 
design of FIG. 1. 

0049 FIG. 4 is a flat, layout view of the deployed stent 
10' showing the deployed curved sections 11" and 12" and the 
shape of the deployed flexible longitudinal connecting link 
18" having a deployed bottom curved segment 14' and a top 
curved Segment 15'. Because the longitudinal length 
decreases for all circumferential sets of strut members 20 or 
30 when the balloon on which the stent 10 is mounted is 
inflated, there is a tendency for the stent 10' to be foreshort 
ened in its longitudinal length as compared to the longitu 
dinal length of the pre-deployed stent 10. However, because 
the strut members 20 and 30 are firmly crimped onto the 
balloon, as the balloon is inflated, they have a longitudinal 
retention force from friction with the balloon Surface that is 
great enough to cause the comparatively weak longitudinal 
connecting links 18' to lengthen in the longitudinal direction. 
Therefore, as the balloon is expanded, the longitudinal 
connecting links 18' will actually be stretched in the longi 
tudinal direction, thus increasing their longitudinal length 
during balloon inflation. The effect of lengthening the lon 
gitudinal extent of the longitudinal connecting links 18' is to 
decrease the foreshortening of the deployed stent 10'. 

0050 Although the greatest longitudinal flexibility for 
the Stent 10 is obtained by connecting Some of adjacent Sets 
of Strut members with flexible longitudinal connecting links 
(like the link 18), it should be understood that short, straight 
linkS could be used to connect adjacent curved Sections Such 
as 12 and 12E of FIG. 1. This design concept is shown in 
FIG. 5 that is a layout view of a stent 60 that has connected 
curved sections 61 and 61E that are connected by straight 
connecting links 68. Of course it should be understood that 
any combination of Straight and flexible longitudinal con 
necting links could be used. Furthermore, for any one Stent, 
different sets of adjacent strut members could be joined by 
a different number and/or different type of connecting linkS. 
The number of connecting links connecting any pair of 
adjacent Sets of Strut members could be as few as one or as 
many as eight. The design of FIG. 5 has several advantages 
over the design of FIG. 2 although both use straight longi 
tudinal connecting links to connect the circumferential Sets 
of strut members. -The stent of FIG. 5 only connects to the 
outsides of the curved sections 61 or 61E. For the same 
width of the circumferential sets of strut members this will 
reduce the minimum crimpable diameter of the stent 60 as 
compared to the stent 40 of FIG. 2 because the straight 
longitudinal connecting links 48 of the stent 40 separate the 
curved sections of Some of the strut members when the stent 
40 is crimped down on a balloon. 

0051 Various other modifications, adaptations and alter 
native designs are of course possible in light of the teachings 
as presented herein. Therefore it should be understood that, 
while Still remaining within the Scope and meaning of the 
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appended claims, this invention could be practiced in a 
manner other than that which is Specifically described 
herein. 

What is claimed is: 
1. A Stent in the form of a thin-walled, lace-like, cylin 

drical tube with a longitudinal axis, the Stent comprising: 
a multiplicity of interior circumferential Sets of Strut 
members and one end circumferential Set of Strut 
members at each of the two longitudinal ends of the 
Stent, 

each interior circumferential Set of Strut members includ 
ing at least one connected Strut member consisting of a 
long diagonal Section having a longitudinal length L1 
fixedly attached along a connecting line to a connected 
curved Section, each connected curved Section being 
joined by means of a longitudinal connecting link to 
one curved Section of an adjacent circumferential Set of 
Strut members, 

each interior Set of Strut members also including at least 
one unconnected Strut member consisting of a short 
diagonal Section having a longitudinal length L2 fix 
edly joined to an unconnected curved Section; and 

the Stent being further characterized by having the length 
L1 of the long diagonal Section being longer than the 
length L2 of the short diagonal Section, i.e., L12L2, So 
that the unconnected Strut members have a decreased 
tendency for flaring outward as the Stent is advanced 
though a curved vessel. 

2. The Stent of claim 1 wherein the longitudinal connect 
ing link is Straight. 

3. The stent of claim 1 wherein the longitudinal connect 
ing link is an undulating, flexible, longitudinal connecting 
link that is adapted to change its length in the longitudinal 
direction as the Stent is advanced through a curved vessel. 

4. The stent of claim 3 wherein the place where each 
flexible longitudinal connecting link is joined to the interior 
Set of Strut members is near the connecting line where a 
connected curved Section is joined to a diagonal Section. 

5. The stent of claim 3 wherein the flexible connecting 
link is in the general form of an “S”. 

6. The stent of claim 1 wherein there are at most three 
longitudinal connecting links that join each adjacent pair of 
circumferential Sets of Strut members. 

7. The stent of claim 1 wherein there are at most five 
longitudinal connecting links that join each adjacent pair of. 
circumferential Sets of Strut members. 

8. The stent of claim 1 wherein there are at most eight 
longitudinal connecting links that join each adjacent pair of 
circumferential Sets of Strut members. 

9. The stent of claim 3 wherein upon deployment to its 
deployed State, the flexible longitudinal connecting links 
extend in their longitudinal length thereby reducing the 
foreshortening of the Stent. 

10. The stent of claim 1 wherein the total length L4 in the 
longitudinal direction of each end circumferential Set of Strut 
members is shorter than the length L3 of each interior 
circumferential Set of Strut members, thus decreasing the 
propensity for flaring outward of the end circumferential Set 
of Strut members when the pre-deployed Stent is advanced 
through a curved vessel. 

11. The stent of claim 1 wherein the metal from which the 
Stent is formed is StainleSS Steel and the wall thickness of the 
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pre-deployed Stent is greater than 0.0045 inches So as to 
obtain acceptable radiopacity for the Stent when it is being 
implanted into a human Subject. 

12. The stent of claim 1 wherein the metal from which the 
stent is formed is tantalum and the wall thickness of the 
pre-deployed Stent is greater than 0.002 inches So as to 
obtain acceptable radiopacity for the Stent when it is being 
implanted into a human Subject. 
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13. The stent of claim 1 wherein the metals from which 
the Stent is formed is a Sandwich of three coaxial tubes 
having Stainless Steel as interior and exterior tubes and a 
central tube formed from a high density metal, the total wall 
thickness of the pre-deployed stent being greater than 0.003 
inches So as to obtain acceptable radiopacity for the Stent 
when it is being implanted into a human Subject. 

k k k k k 


