
US 20030009209A1 

(19) United States 
(12) Patent Application Publication 

Hojeibane 
(10) Pub. N0.: US 2003/ 0009209 A1 
(43) Pub. Date: Jan. 9, 2003 

(54) 

(76) 

(21) 

(22) 

(63) 

(60) 

BIFURCATED AXIALLY FLEXIBLE STENT 

Inventor: Hikmat Hojeibane, Princeton, NJ (US) 

Correspondence Address: 
AUDLEY A. CIAMPORCERO JR. 
JOHNSON & JOHNSON 
ONE JOHNSON & JOHNSON PLAZA 
NEW BRUNSWICK, NJ 08933-7003 (US) 

Appl. No.: 10/180,405 

Filed: Jun. 26, 2002 

Related US. Application Data 

Continuation of application No. 09/256,580, ?led on 
Feb. 24, 1999, noW Pat. No. 6,436,104, Which is a 
continuation-in-part of application No. 09/028,383, 
?led on Feb. 24, 1998, noW Pat. No. 6,017,363, Which 
is a continuation-in-part of application No. 08/934, 
974, ?led on Sep. 22, 1997, noW Pat. No. 5,938,682. 

Provisional application No. 60/010,686, ?led on Jan. 
26, 1996. Provisional application No. 60/017,479, 

?led on Apr. 26, 1996. Provisional application No. 
60/017,415, ?led on May 8, 1996. Provisional appli 
cation No. 60/024,110, ?led on Aug. 16, 1996. 

Publication Classi?cation 

(51) Int. Cl? ...................................................... ..A61F 2/06 
(52) Us. 01. ........................................................... ..623/1.11 

(57) ABSTRACT 

There is disclosed a method of stent placement Which 
comprises ?rst guiding a guideWire through the vasculature. 
Second, a balloon catheter Which contains tWo guideWire 
lurnens is strung along the guideWire into position at the 
bifurcation. The distal opening of the second guideWire 
lurnen abuts the proximal end of the bifurcation. Thereafter, 
a second guideWire is strung through the ?rst balloon 
catheter and out the distal opening of the second guideWire 
lurnen. Thus, resident in the second bifurcation leg is the 
second guideWire. Then, a second standard stent delivery 
balloon catheter is guided along the second guideWire to a 
position Within the bifurcation. Typically, expansion of both 
stents can be done one right after the other after proper 
placement of the ?rst and second balloons. 
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BIFURCATED AXIALLY FLEXIBLE STENT 

CROSS REFERENCE 

[0001] This application is a continuation-in-part of Ser. 
No. 09/028,383, ?led Feb. 24, 1998 Which is a continuation 
in-part and claims priority from US. application Ser. No. 
08/934,974, ?led Sep. 22, 1997. Ser. No. 08/934,974 claims 
priority from US. Application Serial No. 60/010,686, ?led 
Jan. 26, 1996, noW abandoned; and US. Application Serial 
No. 60/017,479, ?led Apr. 26, 1996, noW abandoned; and 
US. Application Serial No. 60/017,415 ?led May 8, 1996; 
and US. Application Serial No. 60/024,110, ?led Aug. 16, 
1996; and US. application Ser. No. 08/770,236, ?led Dec. 
20, 1996, all such patent applications of Which are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] Generally, this invention relates to balloon cath 
eters. More speci?cally, this invention relates to balloon 
catheters used for stent delivery. Most speci?cally, this 
invention relates to balloon catheters useful for delivering 
bifurcated stents. In particular, this invention relates to 
balloon catheters, Which deliver stents to an arterial bifur 
cation. 

BACKGROUND OF THE INVENTION 

[0003] Asteno is commonly used as a tubular structure left 
inside the lumen of a duct to relieve an obstruction. Com 
monly, stents are inserted into the lumen in a non expanded 
form and are then expanded autonomously (or With the aid 
of a second device in situ. A typical method of expansion 
occurs through the use of a catheter mounted angioplasty 
balloon Which is in?ated Within the stenosed vessel or body 
passageWay in order to shear and disrupt the obstructions 
associated With the Wall components of the vessel and to 
obtain an enlarged lumen. 

[0004] In the absence of a stent, restenosis may occur as 
a result of elastic recoil of the stenotic lesion. Although a 
number of stent designs have been reported, these designs 
have suffered from a number of limitations. These include 
restrictions on the dimension of the stent such as describes 
a stent Which has rigid ends (8 mm) and a ?exible median 
part of 7-21 mm. This device is formed of multiple pares and 
is not continuously ?exible along the longitudinal axis. 
Other stent designs With rigid segments and ?exible seg 
ments have also been described. 

[0005] Other stents are described as longitudinally ?exible 
but consist of a plurality of cylindrical elements connected 
by ?exible members. This design has at least one important 
disadvantage for example, according to this design, protrud 
ing edges occur When the stent is ?exed around a curve 
raising the possibility of inadvertent retention of the stent on 
plaque deposited on arterial Walls. This may cause the stent 
to emboliZe or more out of position and further cause 
damage to the interior lining of healthy vessels. (See FIG. 
1(a) beloW). 
[0006] Thus, stents knoWn in the art, Which may be 
expanded by balloon angioplasty, generally compromise 
axial ?exibility to permit expansion and provide overall 
structural integrity. 

[0007] Catheter balloons and medical devices incorporat 
ing them are Well knoWn for use in the surgical arena. For 
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instance, during angioplasty, stenoses and/or obstructions in 
blood vessels and other body passageWays are altered, in 
order to increase blood ?oW through the obstructed area of 
the blood vessel. For example, in a typical balloon angio 
plasty procedure, a partially occluded lumen is enlarged 
through the use of a balloon catheter that is passed percu 
taneously by Way of the arterial system by Way to the site of 
the vascular obstruction. The balloon is then de?ated to 
dilate the vessel lumen at the site of the obstruction. 

[0008] Furthermore, another typical procedure uses a 
“scaffolding,” or stent placed on the balloon angioplasty 
catheter for similar delivery through the arterial system to 
the site of a vascular obstruction. Thereafter, the balloon 
angioplasty catheter is in?ated, thereby expanding the stent 
placed on the catheter. When the stent expands, r similarly 
expands the lumen so that after removal of the de?ated 
catheter, the stent is retained in its expanded position and 
thereby holds open that formerly obstructed area of the body 
passageWay. 

[0009] Essentially, a balloon catheter is a thin, ?exible 
length of tubing having a small in?atable balloon at a desired 
location along its length such as at or near its tip. Balloon 
catheters are designed to be inserted into a body passageWay 
such as the lumen of a blood vessel, a passageWay in the 
heart, a urological passageWay, and the like. Typically, the 
passage of the balloon catheter into the body passageWay is 
done With guidance, such as x-ray or ?uoroscopic guidance. 

[0010] In practice, stent delivery is quite complex. That is, 
a stent is sometimes required to be placed in a rather tortuous 
area of the vasculature. In this instance, it is often necessary 
to have a catheter Which is capable of negotiating tight turns, 
and/or being placed along a bifurcated length of blood 
vessel. In some instances, While a generally occluded section 
of blood vessel can readily be stented, it is often dif?cult to 
place a second stent at the other portion of a bifurcation. In 
other Words, one can imagine the bifurcation as an inverted 
letter “Y” Within the body. (The approach of the catheter 
concerning this inverted “Y” shape is generally through one 
of the legs in the “Y”.) Therefore, the balloon passes both 
betWeen the leg and the trunk or base of the “Y” rather 
readily. HoWever, once a stent is placed along these tWo legs, 
it is rather dif?cult to place a second stent at or near the 
junction of the ?rst leg and the base of the letter “Y”. Of 
course, the same can hold true When the approach is via the 
base of the “Y” and delivery of the ?rst stent is to one of the 
legs. This is all the more true because as one advances 
through the vasculature, the arterial siZes go from quite large 
(greater than 1 cm diameter) to rather small (some time less 
than 2.5 mm diameter). 

[0011] It Would be desirable, therefore, to create a system 
Which alloWs for delivery of a single stent or pair of stents 
at a bifurcation in the vasculature. It Would further be 
desirable for this stent or for this delivery system to be able 
to negotiate the bends of the bifurcation, and moreover, to 
provide for easy access When one stent is already placed. 
Furthermore, it Would be quite useful in order to be able to 
apply the second stent, for the ?rst stent to be reliably placed 
every time so that the user knoWs exactly Where the bifur 
cation is located, and as Well Where the stent must be 
appropriately oriented in order to readily access the second 
leg of the “Y” of the bifurcation. 

[0012] Finally, it Would be useful for a device such as a 
desired delivery system to carry a stent capable of alloWing 
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secondary access to a bifurcated portion of the vasculature. 
Thus, it Would be most desirable for the device to comprise 
a catheter capable of balloon delivery of a stent at a 
bifurcation, and also balloon delivery of a second stent at the 
bifurcation. 

SUMMARY OF THE INVENTION 

[0013] The present invention overcomes some perceived 
shortcomings of prior art stents by providing a stent With 
axial ?exibility. In a preferred embodiment, the stent has a 
?rst end and a second end With an intermediate section 
betWeen the tWo ends. The stent further has a longitudinal 
axis and comprises a plurality of longitudinally disposed 
bands, Wherein each band de?nes a generally continuous 
Wave along a line segment parallel to the longitudinal axis. 
A plurality of links maintains the bands in a tubular struc 
ture. In a further embodiment of the invention, each longi 
tudinally disposed band of the stent is connected, at a 
plurality of periodic locations, by a short circumferential 
link to an adjacent band. The Wave associated With each of 
the bands has approximately the same fundamental spatial 
frequency in the intermediate section, and the bands are so 
disposed that the Waves associated With them are spatially 
aligned so as to be generally in phase With one another. The 
spatially aligned bands are connected, at a plurality of 
periodic locations, by a short circumferential link to an 
adjacent band. 

[0014] In particular, at each one of a ?rst group of com 
mon axial positions, there is a circumferential link betWeen 
each of a ?rst set of adjacent pairs of bands. 

[0015] At each one of a second group of common axial 
positions, there is a circumferential link betWeen each of a 
second set of adjacent roWs of bands, Wherein, along the 
longitudinal axis, a common axial position occurs alter 
nately in the ?rst group and in the second group, and the ?rst 
and second sets are selected so that a given band is linked to 
a neighboring band at only one of the ?rst and second groups 
of common axial positions. 

[0016] In a preferred embodiment of the invention, the 
spatial frequency of the Wave associated With each of the 
bands is decreased in a ?rst end region lying proximate to 
the ?rst end and in a second end region lying proximate to 
the second end, in comparison to the spatial frequency of the 
Wave in the intermediate section. In a further embodiment of 
the invention, the spatial frequency of the bands in the ?rst 
and second end regions is decreased by 20% compared With 
the spatial frequency of the bands in the intermediate 
section. The ?rst end region may be located betWeen the ?rst 
end and a set of circumferential links lying closest to the ?rst 
end and the second end region lies betWeen the second end 
and a set of circumferential links lying closest to the second 
end. The Widths of corresponding sections of the bands in 
these end regions, measured in a circumferential direction, 
are greater in the ?rst and second end regions than in the 
intermediate section. Each band includes a terminus at each 
of the ?rst and second ends and the adjacent pairs of bands 
are joined at their termini to form a closed loop. 

[0017] In a further embodiment of the invention, a stent is 
provided that has ?rst and second ends With an intermediate 
section therebetWeen, the stent further having a longitudinal 
axis and providing axial ?exibility. This stent includes a 
plurality of longitudinally disposed bands, Wherein each 
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band de?nes a generally continuous Wave having a spatial 
frequency along a line segment parallel to the longitudinal 
axis, the spatial frequency of the Wave associated With each 
of the bands being decreased in a ?rst end region lying 
proximate to the ?rst end and in a second end region lying 
proximate to the second end, in comparison to the spatial 
frequency of the Wave in the intermediate section; and a 
plurality of links for maintaining the bands in a tubular 
structure. The ?rst and second regions have been further 
de?ned as the region that lies betWeen the ?rst and second 
ends and a set of circumferential links lying closest to the 
?rst end and second end. 

[0018] In a further embodiment the Widths of the section 
als of the bands, measured in a circumferential direction, are 
greater in the ?rst and second end regions than in the 
intermediate section. 

[0019] In yet an additional embodiment, the stent is 
divided into a group of segments, and each of the segments 
are connected by a ?exible connector. In addition, the stent 
segments are provided With enhanced ?exibility at the 
?exible connectors, due to the geometrical con?guration of 
the ?exible connectors. 

[0020] Furthermore, the current stent can be modi?ed to 
provide for bifurcated access, Whereas the stent itself is 
uniform throughout. If the manufacturer designs such a stent 
to have an essential opening, then it is possible to place the 
stent such that a pair of stents can be placed one through The 
other. In this fashion, the stents are capable of being placed 
at a bifurcation, Without any Welding or any special attach 
ments. The interlocking mechanism can be incorporated into 
the stent design to cause the scent to interlock at the desired 
position during assembly of the device. 

[0021] In practice, therefore, the current catheter device 
consists of a balloon catheter Which comprises a shaft 
portion having a proximal and a distal end. The shaft portion 
has a guideWire lumen therethrough. The lumen has a 
proximal opening and a distal opening. The distal opening of 
the shaft portion is located at the distal end of the shaft. A 
balloon is connected to the shaft at the shaft distal end. The 
balloon has proximal and distal ends and a ?rst guideWire 
lumen through it. The balloon guideWire is in ?uid commu 
nication With the guideWire lumen of the shaft and the ?rst 
balloon guideWire lumen also has proximal and distal ends. 
The balloon has a second guideWire lumen, the second 
guideWire lumen containing a distal opening located proxi 
mal to the distal opening of the ?rst guideWire lumen. 

[0022] Further, there is disclosed a method of stent place 
ment Which comprises ?rst guiding a guideWire through the 
vasculature. Second, a balloon catheter Which contains tWo 
guideWire lumens is strung along the guideWire into position 
at the bifurcation. The distal opening of the second 
guideWire lumen abuts the proximal end of the bifurcation. 
Thereafter, a second guideWire is strung through the ?rst 
balloon catheter and out the distal opening of the second 
guideWire lumen. Thus, resident in the second bifurcation 
leg is the second guideWire. Then, a second standard stent 
delivery balloon catheter is guided along the second 
guideWire to a position Within the bifurcation. Typically, 
expansion of both stents can be done one right after the other 
after proper placement of the ?rst and second balloons. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The foregoing aspects of the invention Will be more 
readily understood by reference to the following detailed 
description, taken With the accompanying draWings, in 
Which: 

[0024] FIGS. 1(a) and 1(b) are side vieWs of a stent having 
circumferentially disposed bands Wherein the stent is in 
axially unbent and bent positions respectively, the latter 
shoWing protruding edges; 

[0025] FIGS. 1(c) and 1(a) are side vieWs of an axially 
?exible stent in accordance With the present invention 
Wherein the stent Is in unbent and bent positions respec 
tively, the latter displaying an absence of protruding edges; 

[0026] FIG. 2 is a side vieW of a portion of the stent of 
FIGS. 1(c) and 1(d) shoWing the longitudinal bands, spaces, 
and inner radial measurements of bends in the bands being 
measured in inches; 

[0027] FIGS. 3(a) and 3(b) shoW a portion of the stent of 
FIG. 2 With tWo bands betWeen tWo circumferential links (a) 
before expansion in the unexpanded state; and (b) after 
expansion, in the deformed state; 

[0028] FIG. 4 is a vieW along the length of a piece of 
cylindrical stent (ends not shoWn) prior to expansion shoW 
ing the exterior surface of the cylinder of the stent and the 
characteristic banding pattern; 

[0029] FIG. 5 is an isometric vieW of a de?ection plot 
Where the stent of FIG. 2 is expanded to a larger diameter 
of 5 mm; 

[0030] FIG. 6 shoWs a tWo-dimensional layout of the stent 
of FIG. 4 to form a cylinder such that edge “A” meets edge 
“B”, and illustrating the spring-like action provided in 
circumferential and longitudinal directions; 

[0031] FIG. 7 shoWs a tWo dimensional layout of the 
stent. The ends are modi?ed such that the length (LA) is 
about 20% shorter than length (LB) and the Width of the band 
A is greater than the Width of band B; 

[0032] FIG. 8 shoWs a perspective vieW of a stent con 
taining ?exible connectors as described in the present inven 
tion; 
[0033] FIG. 9 shoWs a stent in Which the ?exible connec 
tors are attached to stent segments, in layout form. These 
?exible connectors are attached in an every-other-segment 
pattern; 

[0034] FIG. 10 shoWs a layout vieW Where the stent 
segments are connected With a ?exible connector in every 
stent segment pattern; 

[0035] FIG. 11 shoWs a schematic of the unexpanded 
stents When loaded on the stent delivery system; 

[0036] 
[0037] FIG. 13 shoWs the stents as expanded Without the 
delivery system; 

FIG. 12 shoWs the stents placed alone; 

[0038] FIG. 14 shoWs a modi?cation of the stent in a 
layout vieW; 

[0039] FIG. 15 is a plan vieW of the balloon of the present 
system; 
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[0040] 
[0041] 
[0042] FIG. 18 is a assembly vieW of another stent Which 
may be used on the balloons of FIGS. 15-17; and 

[0043] 
?gure. 

FIG. 16 is an assembly vieW of the same balloon; 

FIG. 17 is a vieW of the balloon When in use; 

FIG. 19 is a plan vieW of the stent of the previous 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0044] Improvements afforded by embodiments of the 
present invention include (a) increased ?exibility in tWo 
planes of the non-expanded stent While maintaining radial 
strength and a high percentage open area after expansion; (b) 
even pressure on the expanding stent that ensures the 
consistent and continuous contact of expanded stent against 
artery Wall; (c) avoidance of protruding parts during bend 
ing; (d) removal of existing restrictions on maximum of 
stent; and reduction of any shortening effect during expan 
sion of the stent. 

[0045] In a preferred embodiment of the invention, an 
expandable cylindrical stent 10 is provided having a fenes 
trated structure for placement in a blood vessel, duct or 
lumen to hold the vessel, duct or lumen open, more particu 
larly for protecting a segment of artery from restenosis after 
angioplasty. The stent 10 may be expanded circumferentially 
and maintained in an expanded con?guration, that is cir 
cumferentially rigid. The stent 10 is axially ?exible and 
When ?exed at a band, the stent 10 avoids any externally 
protruding component parts. 

[0046] FIG. 1 shoWs What happens to a stent 10, of a 
similar design to a preferred embodiment herein but utiliZing 
instead a series of circumferentially disposed bands, When 
caused to bend in a manner that is likely encountered Within 
a lumen of the body. A stent 10 With a circumferential 
arrangement of bands (1) experiences an effect analogous to 
a series of railroad cars on a track. As the roW of railroad cars 

proceeds around the bend, the corner of each car proceeding 
around the bend after the coupling is caused to protrude from 
the contour of the track. Similarly, the serpentine circum 
ferential bands have protrusions (2) above the surface of the 
stent 10 as the stent 10 bends. 

[0047] The embodiment shoWn in FIGS. 1(c) and 1(a) and 
FIG. 7 has bands (3) Which are axially ?exible and are 
arranged along the longitudinal axis. This alloWs the stent to 
bend so that the bent bands (4) do not protrude from the 
pro?le of the curve of the stent 10. Furthermore, any ?aring 
at the ends of the stent 10 that might occur With a stent 10 
having a uniform structure is substantially eliminated by 
introducing a modi?cation at the ends of the stent 10. This 
modi?cation comprises decreasing the spatial frequency and 
increasing the Width of the corresponding bands in a cir 
cumferential direction (L A and A) compared to that of the 
intermediate section. (1B and B). 

[0048] In an embodiment of the invention, the spatial 
frequency LA may be decreased 0-50% With respect to LB, 
and the Width A may be increased in the range of 0-150% 
With respect to B. Other modi?cations at the ends of the stent 
10 may include increasing the thickness of the Wall of the 
stent 10 and selective electropolishing. These modi?cations 
protect the artery and any plaque from abrasion that may be 










