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NONCYLINDRICAL DRUG ELUTING STENT 
FOR TREATING VASCULAR BIFURCATIONS 

[0001] This is divisional of Us. application Ser. No. 
10/435,096, ?led May 9, 2003, now US Pat. No. 7,344,556, 
Which is a continuation of Us. application Ser. No. 10/292, 
385, ?led Nov. 11, 2002, Which is a continuation-in-part of 
Us. application Ser. No. 10/225,484, ?led Aug. 20, 2002, 
noW U.S. Pat. No. 7,238,197, Which is a continuation-in-part 
ofU.S. application Ser. No. 09/580,597, ?led May 30, 2000, 
noW U.S. Pat. No. 6,666,883, the disclosures ofWhich are all 
incorporated by reference herein in their entireties. 

BACKGROUND 

[0002] 1. Scope of the Invention 
[0003] The present invention relates to an apparatus per 
mitting the treatment of bodily conduits, typically blood ves 
sels, in an area of a bifurcation, eg in an area Where a 
principal conduit separates into tWo secondary conduits. It 
also relates to equipment for positioning this apparatus. 
[0004] 2. Description of the Related Art 
[0005] It is knoWn to treat narrowing of a rectilinear blood 
vessel by means of a radially expandable tubular device, 
commonly referred to as a stent. This stent is introduced in the 
unexpanded state into the internal lumen of the vessel, in 
particular by the percutaneous route, as far as the area of 
narrowing. Once in place, the stent is expanded in such a Way 
as to support the vessel Wall and thus re-establish the appro 
priate cross section of the vessel. 
[0006] Stent devices can be made of a non-elastic material, 
in Which case the stent is expanded by an in?atable balloon on 
Which it is engaged. Alternatively, the stent can be self-ex 
panding, e.g. made of an elastic material. A self-expanding 
stent typically expands spontaneously When WithdraWn from 
a sheath Which holds it in a contracted state. 

[0007] For example, U.S. Pat. Nos. 4,733,065 and 4,806, 
062 illustrate existing stent devices and corresponding posi 
tioning techniques. 
[0008] A conventional stent is not entirely suitable for the 
treatment of a narroWing situated in the area of a bifurcation, 
since its engagement both in the principal conduit and in one 
of the secondary conduits can cause immediate or delayed 
occlusion of the other secondary conduit. 
[0009] It is knoWn to reinforce a vascular bifurcation by 
means of a stent comprising ?rst and second elements, each 
formed by helical Winding of a metal ?lament. The ?rst of the 
tWo elements has a ?rst part having a diameter corresponding 
to the diameter of the principal vessel, and a second part 
having a diameter corresponding to the diameter of a ?rst one 
of the secondary vessels. The ?rst element is intended to be 
engaged in the principal vessel and the second element is 
intended to be engaged in the ?rst secondary vessel. The 
second element has a diameter corresponding to the diameter 
of the second secondary vessel. After the ?rst element has 
been put into place, the second element is then coupled to the 
?rst element by engaging one or more of its turns in the turns 
of the ?rst element. 
[0010] This equipment permits reinforcement of the bifur 
cation but appears unsuitable for treating a vascular narroW 
ing or an occlusive lesion, in vieW of its structure and of the 
loW possibility of radial expansion of its tWo constituent 
elements. 
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[0011] Moreover, the shape of the ?rst element does not 
correspond to the shape of a bifurcation, Which has a Widened 
transitional Zone betWeen the end of the principal vessel and 
the ends of the secondary vessels. Thus, this equipment does 
not make it possible to fully support this Wall or to treat a 
dissection in the area of this Wall. Additionally, the separate 
positioning of these tWo elements is quite di?icult. 

SUMMARY OF THE INVENTION 

[0012] There is provided in accordance With one aspect of 
the present invention, a method of treating a vascular bifur 
cation of a main vessel into ?rst and second branch vessels. 
The method comprises the steps of providing a delivery cath 
eter having a stent thereon, the stent having a proximal end 
and a distal end and being self expandable to a con?guration 
in Which the proximal end has a smaller diameter than the 
distal end. The catheter is positioned such that the stent is at a 
treatment site Within the main vessel, With the distal end 
adjacent the bifurcation. The stent is deployed in the main 
vessel such that the distal end communicates With both the 
?rst and the second branch vessels. A drug is eluted from the 
stent at the treatment site. 
[0013] In one implementation of the invention, the eluting a 
drug step includes eluting a smooth muscle cell proliferation 
inhibitor. In one aspect, the muscle cell proliferation inhibitor 
includes rapamycin. The eluting a drug step may comprise 
eluting angiopeptin, a platelet aggregation inhibitor, an anti 
in?ammatory agent, or an antibiotic agent. In another aspect, 
the eluting a drug step includes eluting paclitaxel. The 
deploying step may comprise removing a restraint from the 
stent and permitting the stent to self expand. The method may 
additionally comprise the step of deploying a second stent in 
one of the ?rst and second branch vessels. 
[0014] In one implementation of the invention, the distal 
end of the stent expands to a diameter that is at least about 
105% of the diameter of the proximal end of the stent. In 
certain applications, the distal end of the stent expands to a 
diameter that is at least about 110% of the diameter of the 
proximal end of the stent. 
[0015] In accordance With another aspect of the present 
invention, there is provided a deployment system for treating 
a bifurcation of a main vessel into ?rst and second branch 
vessels. The deployment system comprises an elongate ?ex 
ible body, having a proximal end and a distal end. A ?rst stent 
is carried by the distal end of the body. A drug is releasably 
carried by the stent. A releasable restraint for restraining the 
stent is also carried on the body. The distal end of the stent is 
larger in diameter than the proximal end of the stent in an 
unconstrained expanded con?guration. 
[0016] The deployment system may additionally comprise 
a guideWire lumen extending axially through at least a portion 
of the ?exible body. The guideWire lumen has a proximal 
access port and a distal access port. In one implementation, 
the proximal access port is positioned along the ?exible body, 
spaced distally apart from the proximal end. In another imple 
mentation, the proximal access port is positioned at the proxi 
mal end of the body. 
[0017] The releasable restraint may comprise an axially 
moveable control element extending along the length of the 
?exible body. The releasable restraint may comprise a tubular 
sheath for restraining the stent. The releasable restraint may 
include an axially moveable pull Wire or a dissolvable media. 
In one aspect, the deployment system further includes a sec 
ond stent that is carried by the distal end of the body. The ?rst 



US 2008/0161903 A1 

and second stents may have different expanded geometries 
from each other. In another aspect, the second stent has a 
substantially cylindrical unconstrained expanded con?gura 
tion, having a proximal end, a distal end, and a substantially 
constant radius throughout. 
[0018] In yet another aspect of the present invention, the 
expanded diameter of the ?rst stent tapers radially outWardly 
in the distal direction. In another aspect, the ?rst and second 
stents are carried by the catheter such that release of the stents 
from the catheter causes the distal end of the ?rst stent and the 
proximal end of the second stent, as implanted, to be sepa 
rated by a distance of no more than about 4 mm. 
[0019] In accordance With a further aspect of the present 
invention, there is provided a method of treating a vascular 
bifurcation of a main vessel into ?rst and second branch 
vessels. The method comprises the steps of deploying a sub 
stantially cylindrical stent in a ?rst branch vessel Which is 
distal to the bifurcation, and deploying a tapered stent in the 
main vessel, proximal to the bifurcation. The tapered stent 
tapers in a distal direction from a smaller proximal diameter 
to a larger distal diameter Which faces the bifurcation. An 
active agent is delivered from at least one of the stents. 
[0020] In one aspect, the active agent comprises paclitaxel, 
rapamycin, or a smooth muscle cell proliferation inhibitor. In 
another aspect, the active agent comprises a platelet aggrega 
tion inhibitor, an anti-in?ammatory agent, or an antibiotic 
agent. The active agent may include a calcium entry blocker, 
or an antimicrobial agent. 
[0021] All of these embodiments are intended to be Within 
the scope of the present invention herein disclosed. These and 
other embodiments of the present invention Will become 
readily apparent to those skilled in the art from the folloWing 
detailed description of the preferred embodiments having 
reference to the attached ?gures, the invention not being 
limited to any particular embodiment(s) disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Having thus summariZed the general nature of the 
invention, certain preferred embodiments and modi?cations 
thereof Will become apparent to those skilled in the art from 
the detailed description herein having reference to the 
attached ?gures, of Which: 
[0023] FIG. 1 is a side vieW ofa ?rst embodiment ofa stent 
system shoWn in an expanded state; 
[0024] FIG. 2 is a perspective, partial cutaWay vieW of the 
stent system of FIG. 1 shoWn in a state of radial contraction, 
as disposed on a delivery catheter; 
[0025] FIG. 3 is a longitudinal sectional vieW of a bifurca 
tion treatable by the stent system of FIG. 1; 
[0026] FIG. 4 is a section vieW of the bifurcation of FIG. 3 
shoWing a delivery catheter positioned therein; 
[0027] FIG. 5 is a section vieW of the bifurcation of FIG. 3 
shoWing an embodiment of a stent system shoWn in a partially 
contracted state on a portion of a delivery catheter; 
[0028] FIG. 6 is a section vieW of the bifurcation of FIG. 3 
shoWing an embodiment of a stent system shoWn in an 
expanded and fully deployed state; 
[0029] FIG. 7 is a section vieW of a bifurcation presenting 
an aneurysm and an embodiment of a stent system shoWn 
deployed therein, 
[0030] FIG. 8 is a side vieW of a stent system according to 
a second embodiment shoWn in an expanded state; 
[0031] FIG. 9 is a plan vieW of a delivery catheter usable to 
deploy a stent system having certain features and advantages; 
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[0032] FIG. 9A is an alternative embodiment of a proximal 
handpiece of the delivery catheter of FIG. 9; 
[0033] FIG. 9B is an alternative embodiment of the delivery 
catheter of FIG. 9; 
[0034] FIG. 9C is a section vieW of a portion of the delivery 
catheter of FIG. 9 taken through line 9C-9C and speci?cally 
shoWing an alternative pull Wire lumen; 
[0035] FIG. 9D is a section vieW of a portion of the delivery 
catheter of FIG. 9 taken through line 9D-9D and speci?cally 
shoWing a retaining band; 
[0036] FIG. 9E is a detail vieW of a retraction band retention 
assembly of the delivery catheter of FIG. 9; 
[0037] FIG. 10 is a partial cutaWay vieW of a distal portion 
of the catheter of FIG. 9 including a stent system disposed 
thereon; 
[0038] FIG. 10A is an alternative embodiment of a distal 
end assembly of the delivery catheter of FIG. 9B; 
[0039] FIG. 10B is a detail vieW ofa distal portion of the 
outer sheath shoWn in FIG. 10; 
[0040] FIG. 10C is a section vieW taken along the line 
10C-10C of FIG. 10; 
[0041] FIG. 11A is a plan vieW ofa transitional portion of 
the catheter of FIG. 9; 
[0042] FIG. 11B is a cross sectional vieW of the transitional 
portion taken along the line 11B-11B of FIG. 11A; 
[0043] FIG. 11C is a transverse sectional vieW of the tran 
sitional portion taken along the line 11C-11C of FIG. 11A; 
[0044] FIG. 11D is a cross sectional vieW of the proximal 
shaft taken along the line 11D-11D of FIG. 11A; 
[0045] FIG. 12 is a side section vieW of a distal portion of an 
embodiment of a delivery catheter having certain features and 
advantages; 
[0046] FIG. 13 is a section vieW ofa bifurcation shoWing an 
embodiment of a delivery catheter positioned therein; 
[0047] FIG. 14 is a section vieW of a bifurcation shoWing a 
?rst stent in a partially deployed state; 
[0048] FIG. 15 is a section vieW of a bifurcation shoWing a 
?rst stent in a fully deployed state; 
[0049] FIG. 16 is a section vieW of a bifurcation shoWing a 
second stent in a partially deployed state; 
[0050] FIG. 17 is a section vieW of a bifurcation shoWing a 
second stent in a fully deployed state; 
[0051] FIG. 18 is a section vieW ofa bifurcation as in FIG. 
17, With a second branch stent deployed in the second branch; 
[0052] FIG. 19 is a schematic elevation vieW of a single 
stent delivery system for delivering a cylindrical stent; 
[0053] FIG. 20 is a schematic elevation vieW of the single 
stent delivery system of FIG. 19 shoWing the sheath in a 
proximal detail vieW; 
[0054] FIG. 21 is a schematic elevation vieW of a single 
stent delivery system for delivering a conical stent; and 
[0055] FIG. 22 is a schematic elevation vieW of the single 
stent delivery system of FIG. 21 shoWing the sheath in a 
proximal detail vieW. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0056] As described above, the attached Figures illustrate a 
stent system and corresponding delivery system for use in 
treating vessels (e. g. conduits) Within the human body at areas 
of bifurcations. FIG. 3 shoWs a bifurcation 30 in Which a main 
conduit or vessel 32 separates into tWo secondary branch 
conduits or vessels 34. The stent system generally includes a 
pair of dissimilar stents speci?cally designed for use in an 
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area of a bifurcation 30. Such dissimilar stents are then dis 
posed on an elongate catheter for insertion into the human 
body. The dissimilar stents may be self-expanding or manu 
ally expandable such as by a balloon about Which the stents 
may be disposed as Will be described in further detail beloW. 

[0057] FIG. 1 shoWs one embodiment of an expandable 
stent system 10 permitting the treatment of bodily conduits in 
the area of a bifurcation such as that shoWn. The stent system 
10, shoWn in an expanded state in FIG. 1, generally comprises 
?rst 12 and second 14 stent portions Which may each be 
divided into tWo segments, thus creating four successive seg 
ments 22, 24, 26, 28, of meshWork structure. The ?rst stent 12 
is generally adapted to be disposed in a branch conduit or 
vessel 34 of a bifurcation, While the second stent 14 is gen 
erally adapted to be disposed in a main vessel 32. If desired, 
the segments may be connected to one another via one or 
more bridges of material 18. The stents 12, 14 are generally 
movable betWeen a contracted position and an expanded posi 
tion. As Will be clear to those skilled in the art, the stents may 
be self-expanding or balloon-expandable. 
[0058] According to the illustrated embodiment, the stents 
12, 14 generally comprise an expandable mesh structure 
Which includes a plurality of mesh cells 36. The mesh cells 36 
of these segments are in one embodiment elongated in the 
longitudinal direction of the stents 12, 14 and have in each 
case a substantially hexagonal shape in the embodiment 
shoWn. Those skilled in the art Will recogniZe that the mesh 
used to form the stent segments 22, 24, 26, and 28 may 
comprise a variety of other shapes known to be suitable for 
use in stents. For example a suitable stent may comprise mesh 
With repeating quadrilateral shapes, octagonal shapes, a 
series of curvatures, or any variety of shapes such that the 
stent is expandable to substantially hold a vessel or conduit at 
an enlarged inner diameter. 

[0059] The ?rst stent 12 may be divided into tWo segments 
22 and 24 Which may be identical to each other and typically 
have a tubular shape With a diameter Which is substantially 
greater than the diameter of one of the secondary branch 
conduits 34. Those skilled in the art Will recogniZe that the 
?rst stent may comprise a variety of shapes such that it func 
tions as described herein. The ?rst stent 12 may be expand 
able to a substantially cylindrical shape having a constant 
diameter along its length. The ?rst stent 12 may comprise a 
range of lengths depending on the speci?c desired location of 
placement. For example, the length of the ?rst stent 12 Will 
typically be betWeen about 1 and about 4 centimeters as 
desired. 

[0060] The second stent 14 is preferably adapted to be 
deployed in close proximity to the ?rst stent 12, and may also 
be divided into upper 26 and loWer 28 segments. The loWer 
segment 28 of the second stent 14 typically has a tubular 
cross-sectional shape and has an expanded diameter Which is 
substantially greater than the diameter of the principal con 
duit 32 (FIG. 3). The upper segment 26 of the second stent 14 
preferably comprises a larger diameter at its distal (upper) end 
38 than at its proximal (loWer) end 40. In one embodiment the 
upper segment of the second stent portion comprises a sub 
stantially conical shape. In an alternative embodiment, the 
second stent 14 may be tapered radially outWard along its 
entire length in the distal direction. In either embodiment 
hoWever, the expanded diameter of the distal end 38 of the 
second stent 14 is preferably substantially larger than the 
expanded diameter of the proximal end 42 of the ?rst stent 12. 
For example, the distal end 38 of the second stent 14 may 
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expand to a diameter that is at least about 105%, and prefer 
ably at least about 110%, and in some embodiments as much 
as 120% or more, of the diameter of the proximal end 42 of the 
?rst stent 12. The second stent 14 may comprise a range of 
lengths depending on the speci?c desired location of place 
ment. For example, the second stent 14 Will typically be 
betWeen 1 and 4 centimeters as desired. 

[0061] In its expanded state, as shoWn in FIG. 1, the upper 
segment 26 of the second stent 14 typically has mesh cells 36 
Whose Width increases progressively, compared to that of the 
meshes of the loWer segment 28, on the one hand in the 
longitudinal sense of the dual stent device 10, in the direction 
of the distal end 38 of the second stent 14, and, on the other 
hand, in the transverse sense of the second stent 14, in the 
direction of a generatrix diametrically opposite that located in 
the continuation of the bridge 18. Alternatively stated, the 
upper segment 26 of the second stent 14 preferably comprises 
a mesh With multiple cellular shapes 36 Which may have 
larger dimensions at a distal end 38 of the stent 14 than those 
at the proximal end 40 such that the second stent 14 expands 
to a substantially funnel shape. 
[0062] In the embodiment shoWn, this increase in the Width 
of the mesh cells 36 results from an increase in the length of 
the edges 48 of the mesh cells 36 disposed longitudinally, as 
Well as an increase in the angle formed betWeen tWo facing 
edges 48. 
[0063] This segment 26 thus may have a truncated shape 
With an axis Which is oblique in relation to the longitudinal 
axis of the ?rst stent 12 When expanded. This shape, for 
example, corresponds to the shape of the bifurcation shoWn in 
the area of the Widened transitional Zone 46 (FIG. 3) Which 
separates the end of the principal conduit 32 from the ends of 
the secondary conduits 34. In a preferred embodiment, the 
second stent 14 is placed in close proximity to the ?rst stent 
12. For example, the distal end 38 of the second stent 14 is 
preferably placed Within a distance of about 4 mm of the distal 
end 42 of the ?rst stent 12, more preferably this distance is 
less than about 2 mm, and most preferably the stents are 
placed Within 1 mm of one another. 

[0064] In the embodiment shoWn in FIG. 1, the distance 
betWeen ?rst and second stents 12, 14 is held substantially 
?xed by the provision of a bridge 18 betWeen them. Bridges 
18 may be provided to join the ?rst and second stents 12, 14 
to one another and/ or to join the upper and loWer segments 22, 
24 and 26, 28 of each stent 12 and 14 together. If present, the 
bridges 18 may connect the adjacent ends of the segments 22, 
24 and 26, 28 and typically have a small Width, so that they 
can undergo a certain ?exion, making it possible to orient 
these segments in relation to one another, in particular the 
loWer segment 24 of the ?rst stent 12 in relation to the upper 
segment 26 of the second stent 14. 

[0065] In addition, in other embodiments, the bridges 18 
could be integral With one of the connected segments and 
separately connected, such as by Welding, to the other con 
nected segment. For example, the bridge 18 Which connects 
the ?rst and second stents 12, 14 could be integral With the 
upper segment 26 of the second stent 14 and connected to 
loWer segment 24 of the ?rst segment 26. Alternatively, the 
bridge 18 could be integral With the loWer segment 24 of the 
?rst stent 12 and connected to the upper segment 26 of the 
second stent 14. 

[0066] In yet other embodiments, bridges 18 could be sepa 
rate pieces of materials Which are separately connected to 
segments 22, 24, 26, 28 such as by Welding, adhesion, or other 






















