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(57) ABSTRACT 

A stent apparatus with at least one side opening which may 
further comprise an extendable stent portion laterally extend 
ing from the side opening and at least partly in registry with 
the wall of the side opening. Devices constructed in accor 
dance with the invention include, singularly or in combina 
tion, a main expandable stent comprising at least one substan 
tially circular side opening located between its proximal and 
distal end openings, which side opening may further com 
prise an expandable portion extending radially outward from 
the edges of the side opening; and a branch stent comprising 
proximal and distal end openings and which may further 
comprise a contacting portion at its proximal end, and which 
may optionally be constructed to form either a perpendicular 
branch or a non-perpendicular branch when inserted through 
a side opening of the main stent. 
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EXTENDIBLE STENT APPARATUS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/453,390, filed Jun. 15, 2006 which is 
a continuation Ser. No. 10/440,401, filed May 19, 2003: 
which is a continuation of U.S. patent application Ser. No. 
09/750,372, filed Dec. 27, 2000, now U.S. Pat. No. 6,599, 
316; which is a continuation-in-part of application Ser. No. 
09/007,265, filed on Jan. 14, 1998, now U.S. Pat. No. 6,210, 
429; which is a continuation-in-part of U.S. patent applica 
tion Ser. No. 08/744,002, filed on Nov. 4, 1996, now aban 
doned, the disclosures of which are hereby incorporated by 
reference herein in their entirety. 

BACKGROUND 

0002. A type of endoprosthesis device, commonly 
referred to as a stent, may be placed or implanted within a 
vein, artery or other tubular body organ for treating occlu 
sions, Stenoses, or aneurysms of a vessel by reinforcing the 
wall of the vessel or by expanding the vessel. Stents have been 
used to treat dissections in blood vessel walls caused by 
balloon angioplasty of the coronary arteries as well as periph 
eral arteries and to improve angioplasty results by preventing 
elastic recoil and remodeling of the vessel wall. Two random 
ized multicenter trials have recently shown a lower restenosis 
rate in Stent treated coronary arteries compared with balloon 
angioplasty alone (Serruys, PW et al. New England Journal 
of Medicine 331: 489-495, 1994, Fischman, D Let. al. New 
England Journal of Medicine 331: 496-501, 1994). Stents 
have been successfully implanted in the urinary tract, the bile 
duct, the esophagus and the tracheo-bronchial tree to rein 
force those body organs, as well as implanted into the neu 
rovascular, peripheral vascular, coronary, cardiac, and renal 
systems, among others. The term "stent” as used in this appli 
cation is a device which is intraluminally implanted within 
bodily vessels to reinforce collapsing, dissected, partially 
occluded, weakened, diseased or abnormally dilated or Small 
segments of a vessel wall. 
0003. One of the drawbacks of conventional stents is that 
they are generally produced in a straight tubular configura 
tion. The use of Such stents to treat diseased vessels at or near 
a bifurcation (branch point) of a vessel may create a risk of 
compromising the degree of patency of the primary vessel 
and/or its branches, or the bifurcation point and also limits the 
ability to insert a second stent into the side branch if the result 
of treatment of the primary, or main, vessel is Suboptimal. 
Suboptimal results may occur as a result of several mecha 
nisms, such as displacing diseased tissue, plaque shifting, 
vessel spasm, dissection with or without intimal flaps, throm 
bosis, and embolism. 
0004. The risk of branch compromise is increased gener 
ally in two anatomical situations. First, a side branch may be 
compromised when there is a stenosis in the origin of the side 
branch. Second, when there is an eccentric lesion at the bifur 
cation site, asymmetric expansion can cause either plaque 
shifting or dissection at the side branch origin. There are 
reports of attempts to solve this problem by inserting a bal 
loon into the side branch through the struts of a stent deployed 
in the main branch spanning the bifurcation point; however, 
this technique carries the risk of balloon entrapment and other 
major complications (Nakamura, S. et al., Catheterization 
and Cardiovascular Diagnosis 34: 353–361 (1995)). More 
over, adequate dilation of the side branch is limited by elastic 
recoil of the origin of the side branch. In addition, insertion of 
a traditional stent into a main vessel spanning a the bifurca 

Apr. 7, 2011 

tion point may pose a limitation to blood flow and access to 
the side branch vessel. The term “stent jail' is often used to 
describe this concept. In this regard, the tubular slotted hinged 
design of the Palmaz-Schatz intracoronary stent, in particular, 
is felt to be unfavorable for lesions with a large side branch 
and is generally believed to pose a higher risk of side branch 
vessel entrapment where the Stent prevents or limits access to 
the side branch. Id. 
0005 One common procedure for intraluminally implant 
ing a stent is to first open the relevant region of the vessel with 
a balloon catheter and then place the stent in a position that 
bridges the treated portion of the vessel in order to prevent 
elastic recoil and restenosis of that segment. The angioplasty 
of the bifurcation lesion has traditionally been performed 
using the “kissing balloon technique where two guidewires 
and two balloons are inserted, one into the main branch and 
the other into the side branch Stent placement in this situation 
requires the removal of the guidewire from the side branch 
and reinsertion through the stent struts, followed by the inser 
tion of a balloon through the struts of the stent along the 
guidewire. The first removal of the guidewire poses the risk of 
occlusion of the side branch during the deployment of the 
stent in the main branch. 
0006 Prior art patents refer to the construction and design 
of both the stent as well as the apparatus for positioning the 
stent within the vessel. One representative patent to 
Chaudhury, U.S. Pat. No. 4,140,126, discloses a technique for 
positioning an elongated cylindrical stent at a region of an 
aneurysm to avoid catastrophic failure of the blood vessel 
wall. The 126 patent discloses a cylinder that expands to its 
implanted configuration after insertion with the aid of a cath 
eter. Dotter, U.S. Pat. No. 4,503,569, discloses a spring stent 
which expands to an implanted configuration with a change in 
temperature. The spring stent is implanted in a coiled orien 
tation and is then heated to cause the spring to expand. Pal 
maz, U.S. Pat. No. 4,733,665, discloses a number of stent 
configurations for implantation with the aid of a catheter. The 
catheter includes a mechanism for mounting and retaining a 
stent, preferably on an inflatable portion of the catheter. The 
stents are implanted while imaged on a monitor. Once the 
stent is properly positioned, the catheter is expanded and the 
stent separated from the catheter body. The catheter can then 
be withdrawn from the subject, leaving the stent in place 
within the blood vessel. Palmaz, U.S. Pat. No. 4,739,762, 
discloses an expandable intraluminal graft. Schjeldahl et. al., 
U.S. Pat. No. 4,413.989, discloses a variety of balloon cath 
eter constructions. Maginot, U.S. Pat. No. 5,456,712 and 
Maginot, U.S. Pat. No. 5,304.220 disclose a graft and stent 
assembly and a method of implantation where a stent is used 
to reinforce a graft that is Surgically inserted into a blood 
vessel in order to bypass an occlusion. However, none of these 
patents relate to stents which are structurally adapted for the 
treatment of bifurcation lesions, or disclose a bifurcating stent 
apparatus. 
0007 Taheri, U.S. Pat. No. 4,872,874, Piplaniet. al., U.S. 
Pat. No. 5,489,295, and Marinet al., U.S. Pat. No. 5,507,769, 
disclose bifurcating graft material which may be implanted 
using stents as anchors for the graft. However, bifurcated 
stents are not taught or disclosed, and the purpose of the stent 
as used in these inventions is simply to anchor the graft into 
the vessel wall. It does not reinforce the vessel wall, treat a 
lesion, or prevent restenosis after angioplasty. 
0008 MacGregor, U.S. Pat. No. 4,994,071, discloses a 
hinged bifurcating stent. 
0009. In the 071 patent, in contrast to the present inven 
tion, there is a main stent with two additional stents attached 
at one end of the main stent, creating a single unit with a trunk 
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attached at an end to two smaller stents. The two additional 
stents are permanently attached to the end of the trunk (and 
not the side, as in the present invention) and cannot be 
removed from the main stent. Thus, this invention may not be 
used to treat only one branch of a bifurcated vessel, is not 
appropriate for use when the branch vessel extends laterally 
from the side of a main vessel (as opposed to an end of a main 
vessel), and does not cover the origin of a bifurcated vessel or 
bifurcation lesion. In addition, studies with hinge-containing 
stents have shown that there is a high incidence of restenosis 
(tissue growth) at the hinge point that may cause narrowing or 
total occlusion of the vessel and thus compromise blood flow. 
Furthermore, this design has a relatively large size as com 
pared to the present invention, which makes insertion into 
many Smaller vessels difficult and poses a greatly increased 
risk of complications. Also, by having the two additional 
Smaller stents connected to an end of the trunk stent, tracking 
into a wide-angle lateral side branch may be difficult and may 
carry the risk of dissection of the vessel wall. Furthermore, 
once the device of the 071 patent is implanted, it is impos 
sible to exchangeabranch stent should the need for a different 
stent size or repair of a branch stentarise. 
0010 Marcade, U.S. Pat. No. 5,676,696, discloses a bifur 
cated graft assembly used for 1 repairing abdominal aortic 
aneurysms, comprising a series of interlocked tubes, one of 
which comprises a fixed angle single bifurcated graft assem 
bly. In contrast to the present invention, Marcade discloses a 
graft, not a stent, which may not be used to treat only one 
vessel of a bifurcation (leaving the untreated vessel free from 
all obstructions). In addition, and in contrast to the present 
invention, the one-piece bifurcated graft portion of Marcade 
is uniform in size and fixed in angle, and may not be used in 
a vessel bifurcation where the branch and the main vessels 
differ greatly in size. Also, the fixed angle will not provide as 
exact a fit as the variably-angled branched double-stent of the 
invention. 

0011 U.S. Pat. No. 5,653,743 to Martin discloses a bifur 
cated graft assembly for use in the hypogastric and iliac 
arteries. In addition to teaching grafts (which are used to 
replace diseased vessel material) and not stents (which, as 
used herein, reinforce existing vessels) Martin, in contrast to 
the present invention, discloses a side branch graft attached to 
the main graft as a single unit, requiring a larger profile than 
the Subject stent. Martin also claims and discloses much 
larger component sizes and methods for implantation (appro 
priate for the hypograstric artery, to which Martin is limited) 
than are operable in Smaller vessels, such as those of the 
cardiac, coronary, renal, peripheral vascular, gastrointestinal, 
pulmonary, urinary or neurovascular system, or brain vessels. 
In addition, Martin requires two vascular access sites (FIG.3, 
elements 16 and 18), whereas the device of the present inven 
tion requires only one access site, creating less trauma to the 
patient. 
0012 U.S. Pat. No. 5,643,340 to Nunokowa discloses a 
synthetic vascular bypass graft in which a side branch graft 
extends outward from the side of a second portion of the graft 
unit. Nunokawa, however, discloses Surgically implanted 
extraluminal grafts and not intraluminal stents deployed by 
catheterization, and is therefore unrelated to the subject of 
bifurcation lesions and stents, particularly stents used to 
intraluminally reinforce bifurcated vessels. In contrast to the 
present invention, Nunokawa is Surgically implanted outside 
of the lumen of a vessel and in fact is used to bypass damaged 
regions of a vessel entirely. The present invention is used to 
reinforce the diseased region, and is intraluminally implanted 
directly into the diseased region. Additionally, and unlike the 
present invention, the Nunokawa device is Surgically 
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implanted and after Surgical assembly of its components 
forms a single permanently attached unit, wherein the bifur 
cating stent devices of the invention are deployed intralumi 
nally by catheter and do not require Surgery or the Suturing or 
attaching of parts of the invention to each other or to the body 
vessels, allowing for adaptation to varying branch vessel 
angles. Also, unlike the present invention, Nunokawa does 
not require visualization by X-ray or ultrasound, as the 
Nunokawa device is directly seen during Surgery. Lastly, the 
Nunokawa device cannot be deployed using catheters, is not 
inserted intraluminally in a compressed State and expanded 
while inside a vessel, and has a much larger profile than the 
present invention. 
0013. In general, when treating a bifurcation lesion using 
commercially available stents, it is important to cover the 
origin of the branch because if left uncovered, this area is 
prone to restenosis. In order to cover the branch origin, con 
ventional stents inserted into the branch must protrude into 
the lumen of the main artery or vessel from the branch (which 
may cause thrombosis, again compromising blood flow). 
Another frequent complication experienced when stenting 
bifurcated vessels is the narrowing or occlusion of the origin 
of a side branch spanned by a stent placed in the main branch. 
Additionally, placement of a stent into a main vessel where 
the stent partially or completely extends across the opening of 
a branch makes future access into Such branch vessels diffi 
cult if not impossible. As a result, conventional stents are 
often placed into the branch close to the origin, but generally 
not covering the origin of the bifurcation. 
0014 Lastly, conventional stents are difficult to visualize 
during and after deployment, and in general are not readily 
imaged by using low-cost and easy methods such as X-ray or 
ultrasound imaging. While some prior art balloon catheters 
(and not stents) are “marked at the proximal and distal ends 
of the balloon with imageable patches, few stents are cur 
rently available which are marked with, or which are at least 
partly constructed of a material which is imageable by cur 
rently known imaging procedures commonly used when 
inserting the stents into a vessel. Such as ultrasound or X-ray 
imaging. The invention described in this Application would 
not work with endoscopy as currently used as an imaging 
method due to size limitations, but future advances in limiting 
the size of endoscopic imaging devices may in the future 
make endoscopic imaging compatible with the stents of the 
invention. 
0015. Accordingly, there is a need for improved stent 
apparatuses, most particularly for applications within the car 
diac, coronary, renal, peripheral vascular, gastrointestinal, 
pulmonary, urinary and neurovascular systems and the brain 
which 1) completely covers the bifurcation point of bifurca 
tion vessels; 2) may be used to treat lesions in one branch of 
a bifurcation while preserving access to the other branch for 
future treatment; 3) allows for differential sizing of the stents 
in a bifurcated Stent apparatus even after the main stent is 
implanted; 4) may be delivered intraluminally by catheter; 5) 
may be used to treat bifurcation lesions in a bifurcated vessel 
where the branch vessel extends from the side of the main 
vessel; and 6) is marked with, or at least partly constructed of 
material which is imageable by commonly used intraluminal 
catheterization visualization techniques including but not 
limited to ultrasound or X-ray. 

SUMMARY OF THE INVENTION 

0016. The present invention concerns novel stent appara 
tuses for use in treating lesions at or near the bifurcation point 
in bifurcated vessels. More particularly, the invention con 
cerns a stent apparatus with at least one side opening which 
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may further comprise an extendable stent portion inserted 
through the side opening and at least partly in registry with the 
wall of the side opening. As used herein, the term “vessel 
means tubular tissue within the cardiac, coronary, renal, 
peripheral vascular, gastrointestinal, pulmonary, urinary and 
neurovascular systems and the brain. Devices constructed in 
accordance with the invention include, singularly or in com 
bination, a main expandable stent comprising at least one 
Substantially circular side opening located between its proxi 
mal and distal end openings, which side opening may further 
comprise a radially expandable portion extending laterally 
outward from the edges of the side opening; and an expand 
able branch stent comprising proximal and distal end open 
ings and which may further comprise a contacting portion at 
its proximal end, and which may be constructed to form an 
angularly variable branched stent apparatus when inserted 
through a side opening of the main stent. The stents of the 
invention are marked with, or at least partially constructed of 
a material which is imageable during intraluminal catheter 
ization techniques, most preferably but not limited to ultra 
Sound and X-ray. 
0017. The stent apparatuses of the invention offers signifi 
cant and novel advantages over prior art stents in that the 
stents of the invention 1) can completely cover the bifurcation 
point of a branched vessel; 2) can accommodate main and 
branch stents of differing sizes, thus providing a better fit 
where the main and branch vessels are of different sizes or 
where the main and branch vessels are occluded to different 
degrees; 3) can fit branched vessels where the branch extends 
laterally from the side of the main vessel; 4) may be used to 
treat lesions in one branch of a bifurcation while preserving 
complete access to the other branch for future treatment; 5) 
may be delivered intraluminally by catheter; and 6) are 
marked with, or at least partly constructed of material which 
is imageable by commonly used intraluminal catheterization 
visualization techniques including but not limited to ultra 
Sound or X-ray, but not endoscopy. 
0018 Thus, it is an object of the present invention to 
provide both a double-stent apparatus and a single-stent appa 
ratus, each of which may be used to cover the origin of a 
bifurcation in a branched vessel. 
0019. Another object of the invention is to provide a 
single-stent apparatus which may be used to treat only one 
branch of a bifurcation lesion while leaving access to the 
second branch unobstructed. 
0020. Additionally, it is an object of the invention to pro 
vide a stent apparatus which is itself imageable by methods 
commonly used during catheterization Such as X-ray or ultra 
Sound. 
0021. Yet another object of the invention is to provide a 
bifurcating double-stent device wherein the main stent and 
the branch stent or stents may be of different sizes. 
0022 Lastly, it is an important object of the invention to 
provide a stent apparatus which may be used to treat bifur 
cated vessels where the vessel bifurcation extends laterally 
from the side of the main vessel. 
0023 These objects and other object advantages and fea 
tures of the invention will become better understood from the 
detailed description of the invention and the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 is a schematic depiction of the double-stent 
apparatus of the present invention in which both the main 
stent and the branch stent are fully dilated. 
0025 FIG. 2 is a schematic depiction of the main stent of 
the apparatus of the invention as deployed, with the side 
opening in registry with a vessel bifurcation point. 
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0026 FIG.3 is a schematic depiction of the branch stent of 
the apparatus as deployed, with the contacting portion fully 
expanded to contact the origin of the bifurcated vessel. 
0027 FIG. 4 is a schematic depiction of the main stent of 
the apparatus deployed within a subject vessel, after inflation 
of a balloon to expand the main stent to fit the walls of the 
Subject vessel. 
0028 FIG. 5 is a schematic depiction of the double-stent 
bifurcating stent apparatus, where the main stent is deployed 
and showing the placement of the branch stent apparatus prior 
to full deployment of the branch stent. 
0029 FIG. 6 is a schematic depiction of the stents of the 
invention at various points during deployment within a ves 
sel. FIG. 6a depicts initial placement of the main stent of the 
bifurcating stent apparatus into the vessel, along with the 
insertion of a guidewire and stabilizing catheter for placement 
of the branch stent into the branch vessel of the subject. 
0030 FIG. 6b is a schematic depiction showing the main 
stent of the invention expanded by balloon expansion. 
0031 FIG. 6c is a schematic depiction of the deployment 
of the branch stent over the side branch guidewire, through 
one of the side openings in the main stent and into the branch 
vessel of the subject. 
0032 FIG. 6d is a schematic depiction of the removal of 
the protective sheath of the branch stent, allowing for full 
expansion of the contacting portion prior to final placement 
and deployment. 
0033 FIG. 6e is a schematic depiction of the compressed 
branch stent positioned into the branch by the catheter with 
the contacting portion at least partly contacting the side open 
ing in the main stent, but prior to full expansion of the branch 
Stent. 

0034 FIG. 6f is a schematic depiction of the fully 
expanded main stent and the fully positioned and expanded 
branch stent, where the branch stent is being dilated by infla 
tion of a balloon. 
0035 FIG. 6g is a schematic depiction of the fully 
expanded bifurcating double stent of the invention, posi 
tioned into the bifurcation point in a subject vessel. 
0036 FIG. 7 is a schematic depiction of the main stent 
with optional expandable portion, prior to balloon expansion 
of the expandable portion. 
0037 FIG. 8 is a schematic depiction of balloon expansion 
of the optional expandable portion of the main stent to cover 
a vessel bifurcation point. 
0038 FIG. 9 is a schematic depiction of the main stent 
with the optional expandable portion fully expanded to 
extend laterally from the side opening of the main stent. 
0039. The rectilinear matrices shown in the drawings are 
intended to show the shapes of the Surfaces only, and do not 
illustrate the actual Surface patterns or appearances of the 
stent apparatuses of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0040. The bifurcating double-stent apparatus 10 of the 
present invention comprises a generally cylindrical main 
stent 12 and a generally cylindrical branch stent 15, which are 
shown as fully dilated in a subject main vessel 8 and a subject 
branch vessel 7, as illustrated in FIG. 1. 
0041. The main stent 12 contains at least one generally 
circular side opening 16 located between the proximal end 26 
and the distal end 28 of the main stent 12 (FIG. 2), which 
opening is positioned over and in registry with the opening 48 
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of a branch vessel in a vessel bifurcation 50, as shown in FIG. 
2. The stent 12 and the side opening are imaged during imag 
ing procedures either by constructing the stent of imageable 
materials or by placing markers 56 at appropriate locations, 
Such as around the perimeter of the side opening 16 in the 
main stent 12, and at the proximal end 26 and distal end 28 of 
the main stent, as illustrated in FIG. 4. 
0042. As shown in the embodiment of the invention illus 
trated in FIG. 4, a guidewire 20 is inserted into the vessel 8 
prior to insertion of the main stent 12, and is used to guide the 
main stent 12 into position within the vessel 8. Prior to inser 
tion and expansion, the main stent 12 is disposed around the 
distal end of a catheter 48 which may include an inflatable 
balloon 24. The mainstent/catheter apparatus is then threaded 
onto the main guidewire 20 and into the vessel 8. The main 
stent 12 is radially expanded by inflation of the balloon 24 
until it expands the walls of the vessel 8, and is thus affixed 
into place. 
0043. In a second embodiment of the invention, the branch 
stent apparatus 15 of the present invention comprises agen 
erally cylindrical stent comprising a proximal end 30 and a 
distal end 32, as shown in FIG. 3. The proximal end 30 
comprises a contacting portion, illustrated here as extended 
loops 18, which contacting portion, when expanded, is posi 
tioned within the lumen 58 of the main vessel 8 (FIG. 3) and 
at least partially contacting the perimeter of the side opening 
16 of the main stent 12. FIG. 4 illustrates the positioning of 
the main stent12 (without optional contacting portion) in the 
main vessel 8 as fully expanded by inflation of the balloon 24. 
0044 As shown in the embodiments illustrated in FIGS. 4, 
5 and 7, the ends of the main stent 12 and the expandable 
branch stent 15 and the contacting portion 18 are visible 
during insertion by placing imageable markers 56 around the 
ends of the main 12 and branch 15 stents and the contacting 
portion 18 and at the proximal end 30 and distal end 32 of the 
branch stent. Alternatively, the stent may be at least partially 
constructed of material which is imageable by methods 
including but not limited to ultrasound or X-ray imaging (but 
not endoscopic imaging). 
0045. As shown in yet another embodiment, the stents of 
the invention are combined to form a bifurcating double stent 
as illustrated in FIGS. 5 and 6. After insertion of the main 
stent as described above but prior to expansion of the main 
stent (FIG. 6a), the branch stent 15 is inserted through a side 
opening 16 of the main stent 12, a guidewire 36 and a stabi 
lizing catheter 44 are inserted through the side opening 16 in 
the main stent 12, and into a branch vessel 7 (FIG. 6a). The 
stabilizing catheter 44 is used to place the side opening 16 in 
the main stent 12 over the bifurcation point 50 in the bifur 
cated vessels 7 and 8 (FIG. 6a). In the embodiment depicted 
here, the main stent is then deployed into position by inflation 
of the balloon 24 (FIG. 6b). During insertion and prior to 
dilation of the branch stent, the branch stent 15 is disposed 
around the distal end of a branch catheter 54 which may 
optionally include an inflatable balloon 25, and the contacting 
portion 18 of the branch stent 15 is held in a collapsed position 
by a protective sheath 34, as shown in FIG. 6c. 
0046. In the bifurcating double-stent apparatus 10 of the 
invention, once the main stent 12 is dilated and the stabilizing 
catheter 44 (as shown in FIG. 6b) is removed, the branch stent 
15 is inserted over the branch guidewire 36 and through the 
opening 16 of the mainstent 12 substantially as shown in FIG. 
6c, and affixed in place by withdrawal of the protective sheath 
34 (FIG. 6d) and insertion of the branch stent 15 until it at 
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least partially contacts the perimeter of the opening 16 of the 
main stent 12 by the expansion of the contacting portions 18 
which are positioned at the proximal end 30 of the expandable 
stent, as shown in FIG. 6e. The branch stent 15, once posi 
tioned in the branch vessel 7, may be then fully expanded by 
the balloon 25, as shown in FIG. 6f. The angle at which the 
optionally expandable branch stent 15 is affixed depends 
upon the vessel structure into which the bifurcating stent 
apparatus 10 is inserted. All catheters and guidewires are then 
withdrawn from the subject vessels, leaving the main stent 12 
through which the branch stent 15 is inserted into the branch 
vessel 7, forming a bifurcated stent 10 (FIG. 6g). 
0047. In the embodiment shown in FIGS. 7-9, the main 
stent 40 with expandable portion 38 is positioned within the 
vessel 8 by the guidewires 20 (FIG. 7), and affixed in place by 
radial expansion of the main stent 40, most particularly by 
inflation of the balloon 25 (FIG. 8). The main stent is posi 
tioned so that the opening 16 is directly over the bifurcation 
point 50 in the subject vessels 7 and 8 (FIGS. 7 and 8). In order 
to aid such positioning, a side branch guidewire 36 and a 
stabilizing catheter 44 (as depicted in FIG.7) are also inserted 
through the opening 16 of the main stent 40 and through the 
expandable portion 38 and into the branch vessel 7 (FIG. 8). 
0048. The optional expandable portion 38 of the main 
stent 40 is then expanded radially and in an at least partially 
perpendicular manner to the sides of the main stent side 
opening 16 (FIG. 8). In the embodiment illustrated in FIGS. 7 
and 8, a balloon 25 is deployed along the side branch 
guidewire 36 through the expandable portion 38, and inflated 
until the expandable portion is fully expanded into the branch 
vessel 7 to cover the bifurcation point 50 of the branched 
vessel, as illustrated in FIG.8. In order to extend the expand 
able portion 38 into the branch vessel 7, a balloon 25 disposed 
around a branch catheter 54 which is threaded along the side 
branch guidewire 36, through the main stent 40, through the 
opening 16 and expandable portion 38, and into the subject 
branch vessel 7 as shown in FIG.8. The expandable portion 
38 is then extended into the branch vessel 7 by inflation of the 
balloon 25, which pushes the expandable portion 38 outward 
radially and lateral to the side opening, into the branch vessel 
7 (FIG. 8). Once all catheters and balloons are withdrawn, the 
expandable portion 38 is arrayed in lateral orientation to the 
sides of the opening 16 in the main stent 40, and Surrounding 
the opening 16 into the vessel branch (FIG. 9). The 
guidewires 20 and 36 are then withdrawn from the main and 
branch vessels. 

0049. In the double stent apparatus of FIG. 5 and in the 
main stent with expandable portion illustrated in FIGS. 7 and 
9, the main stent as well as the expandable portions may be 
constructed at least partially of imageable material or marked 
with imageable markers 56 at Suitable locations, including 
around the perimeter of the side openings of the main stent 
and at the ends of the expandable portions. 
0050. When reinforcing a bifurcated vessel where both 
branches of the vessel require reinforcing, either 1) the single 
main stent with the expandable portion is used whereby the 
expandable portion extends into the vessel branch at least 
partly covering the origin of the bifurcation, which may be 
used alone or in combination with any conventional stent; or 
2) the main stent without the expandable portion and at least 
one branch stent with contacting portion are used, the branch 
stent placed to extend through at least one side opening of the 
main stent into at least one branch vessel, wherein the branch 
stent is at least partially in registry and contacting the edge of 
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the side opening through which it extends. The branch stent 
extends laterally at varying angles to the side opening of the 
main stent. When treating a bifurcated vessel where the area 
to be treated spans the bifurcation and unobstructed access to 
the unstented vessel is required, the main stent may be used 
either with or without the expandable portion, wherein at least 
one side opening is placed over the bifurcation point. 
0051. The stent apparatus of the invention may be con 
structed from any non-immunoreactive material, including 
but not limited to any of the materials disclosed in the prior art 
stents which are incorporated herein by reference. It is 
intended that the stent apparatuses of the invention may fur 
ther be at least partially constructed of, or marked at certain 
points with, a material which may be imaged, most particu 
larly but not limited to by X-ray and ultrasound. 
0052. The stents of the invention may be deployed accord 
ing to known methods utilizing guidewires and catheters, 
which are then withdrawn from the subject following deploy 
ment of the stents. The Subject stents may be self-expanding 
to conform to the shape of the vessel in which they are 
deployed, or they may be expanded utilizing balloon cath 
eters, or by any other method currently known or developed in 
the future which is effective for expanding the stents of the 
invention. It is contemplated that prior to deployment the 
stents will be in a collapsed state, and will require either 
mechanical expansion (such as, for example, by balloon 
expansion) upon deployment or, for self-expanding stents, 
will require that the stent be confined to the catheter until 
deployment by, for instance, a retractable sheath, in which the 
sheath is removed during deployment and the stent self-di 
lated. The stents of the invention and the optional expandable 
portion of the main stent of the invention expand radially from 
their longitudinal axis, lateral to the side opening of the main 
stent. Other methods of dilation of the stents of the invention 
may exist, or may become available in the future, and Such 
methods are contemplated as being within the scope of this 
invention. 
0053. It is intended that the invention include all modifi 
cations and alterations from the disclosed embodiments that 
fall within the scope of the claims of the invention. 
We claim: 
1. A generally cylindrical reinforcing stent apparatus for 

placement in at least one bifurcated cardiac, coronary, renal, 
peripheral vascular, gastrointestinal, pulmonary, urinary or 
neurovascular system vessel or a vessel in the brain, compris 
ing a main stent having sides extending between first and 
second opposing ends and at least one opening being defined 
in a stent side. 

2. The stent apparatus of claim 1 wherein the stent com 
prises a self-expanding material. 

3. The stent apparatus of claim 1 wherein the stent com 
prises a balloon-expandable material. 

4. The stent apparatus of claim 1 wherein at least a portion 
of the stent is constructed of a material which is imageable. 

5. The stent apparatus of claim 1 wherein at least one 
opening further comprises an expandable portion which 
expands radially from the perimeter of the opening. 

6. The stent apparatus of claim 1 wherein the length of the 
stent in its compressed State is Smaller than 4 centimeters and 
the diameter of the stent in its compressed State is Smaller than 
2 centimeters. 
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7. The stent apparatus of claim 5 wherein the stent com 
prises an expandable material. 

8. The stent apparatus of claim 5 wherein the length of the 
stent in its compressed State is Smaller than 4 centimeters and 
the diameter of the stent in its compressed State is Smaller than 
2 centimeters. 

9. The stent apparatus of claim 5 wherein at least a portion 
of the stent is constructed of a material which is imageable by 
X-ray or ultrasound. 

10. The stent apparatus of claim 1 further comprising a 
second stent disposed at least partly within the main stent and 
having sides extending between proximal and distal opposing 
ends, wherein the second sent is a branch stent and the second 
branch stent being moveable and adapted to be extended in an 
angularly flexible fashion through at least one of said side 
openings of said main stent and at least partially contacting 
the perimeter of said side opening. 

11. The stent apparatus of claim 10 wherein the second 
stent additionally comprises a contacting portion located at its 
proximal end, which contacting portion at least partially con 
tacts the edges of said main stent side opening. 

12. The stent apparatus of claim 10 wherein the stents 
comprise an expandable material. 

13. The stent apparatus of claim 10 wherein the stents 
comprise a balloon-expandable material. 

14. The stent apparatus of claim 10 wherein at least a 
portion of the stents are constructed of a material which is 
imageable. 

15. The stent apparatus of claim 10 wherein the length of 
the stent apparatus in its compressed state is smaller than 4 
centimeters and the diameter of the stent apparatus in its 
compressed state is Smaller than 2 centimeters. 

16. A bifurcating double-stent reinforcing apparatus for 
intraluminal placement by catheter within a bifurcated vessel 
comprising first and second generally cylindrical stents, 
wherein the second stent is a branch stent and is located at 
least partly within the first stent, and having sides in each stent 
extending between first and second opposing ends, and at 
least one opening being defined in a side of the first stent and 
the second branch stent being moveable and adapted to be 
extended through at least one of said side openings of said 
first stent and at least partially contacting the perimeter of said 
side opening and extending into a vessel branch, said first and 
second stents each being constructed from a material which 
allows said stents to expand to conform to the shape of the 
Subject vessel. 

17. The stent apparatus of claim 16 wherein the second 
branch Stent additionally comprises a proximal end and an 
opposing distal end, wherein the proximal end additionally 
comprises a contacting portion, which contacting portion is at 
least partially in contact with the perimeter of said first stent 
side opening. 

18. The stent apparatus of claim 16 wherein the first stent 
further comprises an expandable portion which expands in a 
variably angled lateral manner from the perimeter of the first 
stent side opening. 

19. The stent apparatus of claim 16 wherein the first and 
second stents comprise a self-expanding material. 

20. The stent apparatus of claim 16 wherein the stents 
comprise a balloon-expandable material. 
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