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(57) ABSTRACT 

A stent delivery system to facilitate introduction and place 
ment of a stent, including a catheter having an expandable 
distal portion constructed and arranged for expanding the 
outer diameter of the catheter from a contracted state to an 
expanded state: a stent positioned around the distal portion 
of the catheter having a contracted condition and being 
expandable to an expanded condition, and being siZed in the 
contracted condition to closely surround the catheter in the 
contracted state, the expandable distal portion of the catheter 
including a balloon Within Which there is included on the 
catheter shaft at least one body of a diameter larger than the 
catheter shaft to Which the stent and balloon are ?tted, as by 
crimping, for holding the stent in place until it is released 
therefrom by expansion of the balloon and further including 
axially slidable sleeves over the stent in the unexpanded 
condition. 
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STENT DELIVERY SYSTEM 

[0001] This is a Continuation-In-Part application based on 
US. Ser. No. 08/807,791 ?led Feb. 28, 1997, entitled 
CATHETER SUPPORT FOR STENT DELIVERY Which is 
a Continuation-In-Part based on US. Ser. No. 08/702,150 
?led Aug. 23, 1996, entitled STENT DELIVERY SYSTEM 
and US. Ser. No. 08/697,453 ?led Aug. 23, 1996, entitled 
PRE-MOUNTED STENT DELIVERY DEVICE WITH 
INFLATABLE TUBE COMPONENT. 

BACKGROUND OF THE INVENTION 

[0002] In typical PTCA procedures, a guiding catheter is 
percutaneously introduced into the cardiovascular system of 
a patient through a vessel and advanced through therein until 
the distal end thereof is at a desired location in the vascu 
lature. A guideWire and a dilatation catheter having a balloon 
on the distal end thereof are introduced through the guiding 
catheter With the guideWire sliding through the dilatation 
catheter. The guideWire is ?rst advanced out of the guiding 
catheter into the patient’s coronary vasculature and the 
dilatation catheter is advanced over the previously advanced 
guideWire until the dilatation balloon is properly positioned 
across the lesion. Once in position across the lesion, the 
?exible, expandable, preformed balloon is in?ated to a 
predetermined siZe With a liquid or gas at relatively high 
pressures, such as greater than about four atmospheres, to 
radially compress the arthrosclerotic plaque of the lesion 
against the inside of the artery Wall and thereby dilate the 
lumen of the artery. The balloon is then de?ated to a small 
pro?le so that the dilatation catheter may be WithdraWn from 
the patients vasculature and blood ?oW resumed through the 
dilated artery. 

[0003] In angioplasty procedures of the kind described 
above, there may be restenosis of the artery, Which either 
necessitates another angioplasty procedure, a surgical by 
pass operation, or some method of repairing or strengthen 
ing the area. To help prevent restenosis and strengthen the 
area, a physician can implant an intravascular prosthesis for 
maintaining vascular patency, called a stent, inside the artery 
at the lesion. The stent is expanded to a larger diameter for 
placement in the vasculature, often by the balloon portion of 
the catheter. Stents delivered to a restricted coronary artery, 
expanded to a larger diameter as by a balloon catheter, and 
left in place in the artery at the site of a dilated lesion are 
shoWn in US. Pat. No. 4,740,207 to Kreamer; US. Pat. No. 
5,007,926 to Derbyshire; US. Pat. No. 4,733,665 to PalmaZ; 
US. Pat. No. 5,026,377 to Burton et al.; US. Pat. No. 
5,158,548 to Lau et al.; US. Pat. No. 5,242,399 to Lau et al.; 
US. Pat. No. 5,344,426 to Lau et al.; US. Pat. No. 5,415, 
664 to Pinchuk; US. Pat. No. 5,453,090 to MartineZ et al.; 
US. Pat. No. 4,950,227 to Savin; US. Pat. No. 5,403,341 to 
Solar; US. Pat. No. 5,108,416 to Ryan et al. and European 
Patent Application No. 707 837 A1 to Sheiban, all of Which 
are incorporated herein by reference. A stent particularly 
preferred for use With this invention is described in PCT 
Application No. 960 3092 A1, published Feb. 8, 1996, the 
content of Which is also incorporated herein by reference. 

[0004] The present invention is particularly directed to 
improved arrangements for releasably attaching the stent to 
the catheter to facilitate delivery thereof. Releasable sleeves 
are shoWn in US. Pat. No. 4,950,227 to Savin. This patent 
is incorporated herein by reference. 
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SUMMARY OF THE INVENTION 

[0005] This invention concerns apparatus suitable for 
delivery of stents to body cavities. In general, stents are 
prosthetic devices Which can be positioned Within a body 
cavity, for example, a blood vessel of the body of a living 
human or in some other dif?cultly accessible place. The 
stent prosthesis is formed of a generally tubular body, the 
diameter of Which can be decreased or increased. Stents are 
particularly useful for permanently Widening a vessel Which 
is either in a narroWed state, or internally supporting a vessel 
damaged by an aneurysm. Such stents are typically intro 
duced into the body cavity by use of a catheter. The catheter 
is usually of the balloon catheter type in Which the balloon 
is utiliZed to expand the stent, Which is positioned over the 
balloon, to place it in a selected location in the body cavity. 
The present invention is particularly directed to improved 
arrangements for releasably attaching the stent to the cath 
eter to facilitate delivery thereof. The stent is held in place 
on the catheter by means of an enlarged body carried by the 
catheter shaft Within the balloon to Which the stent and 
balloon are ?tted, as by crimping in combination With one or 
more sleeves releaseably overlying an end portion or por 
tions of a stent and balloon. 

BRIEF DESCRIPTION OF THE FIGURES 

[0006] FIG. 1 is an isometric vieW, a portion of Which is 
enlarged and in longitudinal section, of a balloon catheter 
having a stent ?xed to the catheter over the balloon; 

[0007] FIG. 2 is an even more enlarged vieW in longitu 
dinal cross-section of the distal end portion of the catheter of 
FIG. 1; 

[0008] FIG. 3 is a schematic shoWing of one form of 
retraction of the releasable sleeve upon expansion of the 
balloon; 
[0009] FIG. 4 is a schematic shoWing of another form of 
retraction of the releasable sleeve upon expansion of the 
balloon; 
[0010] FIG. 5 is yet another form of retraction of the 
releasable sleeve upon expansion of the balloon; 

[0011] FIG. 6 is a schematic shoWing of yet another form 
of retraction of the releasable sleeve upon expansion of the 
balloon; 
[0012] FIG. 7 is a schematic shoWing of a modi?ed shape 
for the releasable sleeve; 

[0013] FIG. 8 is a schematic shoWing in cross-section of 
another embodiment of the invention With a stent not yet 

mounted; 
[0014] FIG. 9 is a schematic shoWing of another embodi 
ment of the invention; and 

[0015] FIG. 10 is a schematic shoWing of yet another 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] Referring to FIGS. 1 and 2 a stent delivery system 
generally indicated at 10 includes a balloon catheter 12 
having a balloon 14 on a distal end portion generally 
indicated at 16. FIG. 1 shoWs a proximal portion of the 
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catheter at 12a and a distal portion 12b in enlarged vieW. 
FIG. 2 shows the distal end portion 16 in an even more 
enlarged vieW. The illustrative catheter 12 is of the type 
knoWn as an over the Wire catheter. HoWever, other types of 
catheters may be used, such as rapid exchange/single opera 
tor and ?xed Wire types. The balloon 14 is ?xed to the 
catheter 12 by standard means. The balloon is shoWn in its 
contracted state in FIGS. 1 and 2. A stent 18 is ?xed about 
the balloon by crimping it thereto. The stent has a larger 
expanded diameter Which is obtained When the balloon is 
expanded in the knoWn manner. That is, the stent is released 
from the catheter upon expansion of the balloon When 
placed in a vessel. When the balloon is then de?ated, 
removal of the balloon and catheter may be accomplished 
While leaving the stent in place. 

[0017] As is knoWn in the art the balloon is either bonded 
at its ends by adhesive 20 and 22, respectively to the outer 
member 24 of the catheter and to the inner member 26 of the 
catheter in the manner as shoWn, or is made one-piece With 
the outer member as is knoWn in the art. The catheter balloon 
may be in?ated by ?uid (gas or liquid) from an in?ation port 
extending from a lumen 28 contained in the catheter shaft 
and opening into the balloon as shoWn, or by other knoWn 
arrangements, depending on the design of the catheter. The 
details and mechanics of balloon in?ation and speci?c 
overall catheter construction Will vary according to the 
particular design involved in any given instance, and are 
knoWn in the art per se. All variations are acceptable for use 
With this invention. 

[0018] Any balloon expandable stent may be used With 
this invention. Many are knoWn in the art including plastic 
and metal stents. Some are more Well knoWn such as the 
stainless steel stent shoWn in US. Pat. No. 4,735,665; the 
Wire stent shoWn in US. Pat. No. 4,950,227; another metal 
stent shoWn in European Patent Application No. EPO 707 
837 A1 and that shoWn in US. Pat. No. 5,445,646. All of 
these patents are incorporated herein by reference. Also, 
shape memory metal stents may be used. As already indi 
cated the stent of PCT Application No. 960 3092 A1 is 
particularly preferred. 
[0019] The stent is typically about 16 mm long, While the 
balloon may be 20 mm long. These dimensions, hoWever, 
are merely representative for illustrative purposes only and 
are not meant to be limiting. The stent is positioned over the 
balloon portion of the dilatation catheter and gently crimped 
onto the balloon either by hand or With a tool such as a pliers 
or the like to be mounted for delivery as shoWn in FIGS. 1 
and 2. The crimping may be accomplished by either the 
manufacturer or the physician. 

[0020] In accordance With one embodiment of this inven 
tion, a mounting bodies 30, seen in FIGS. 1 and 2 are 
included inside balloon 14 to provide a cushion and/or 
substrate of enlarged diameter relative to the shaft to support 
and hold the stent and secure it during crimping and the 
delivery procedure. The mounting bodies are preferably 
located in the body portion of the balloon. 

[0021] In the embodiment shoWn, mounting bodies 30 are 
ring-like in form and inner lumen 26, providing an enlarged 
area or portion for receiving the balloon and stent When the 
latter is crimped. Marker bands 32 and 34 may also be 
included on inner 26 as shoWn. Any radiopaque material 
such as gold is useful for this purpose. Although, the 
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material of the mounting bodies may be hard, it is preferably 
of any thermoplastic elastomer having elastic or deformable 
properties, more preferably of a relatively resilient elastomer 
material, e.g., silicone, preferably a loWer durometer sili 
cone or polyurethane, such as Tecothane 1055D. A deform 
able thermoplastic material such as high density polyethyl 
ene (HDPE) may be used. Any deformation of resilient 
material of the mounting body When the stent/balloon is 
crimped to it causes a radial outWard force on the stent/ 
balloon increasing the friction therebetWeen despite a recoil 
of the stent. 

[0022] The stent is also ?xed in position by tWo overlying 
retaining sleeves 36 and 38. Sleeves 36 and 38 are formed 
of polyurethane, preferably Tecothane 1055D, and are axi 
ally ?xed on catheter 12 by adhesive plugs 40 and 42 of 
urethane adhesive. The plugs of adhesive may be tapered to 
the catheter as shoWn to facilitate movement of the catheter 
in a vessel. The sleeves overlap the marginal end portions of 
stent 18 as shoWn. 

[0023] A lubricating solution such as silicone ?uid may be 
used betWeen balloon 14 and sleeves 36 and 38 and thereon 
to facilitate release of stent 18 from the sleeves. 

[0024] During delivery, the balloon catheter is advanced 
through and positioned in a patient’s vasculature so that the 
stent is adjacent to the portion of the vessel Where treatment 
is to take place. The balloon is in?ated to expand the stent 
to an enlarged diameter. At this time, expansion of the 
balloon causes the end margin of the sleeves to slide axially 
from over the stent thereby releasing the ends of the stent 
from the catheter. Various forms of retraction of sleeves 36 
and 38 are shoWn in FIGS. 3-6. These ?gures illustrate the 
con?guration of the sleeves 36 and 38 in their retracted state 
after the balloon 14 has been fully expanded. Only the distal 
sleeve 38 is shoWn. FIG. 3 illustrates the preferably retrac 
tion con?guration. To promote easier retraction sleeves are 
coated With silicone. The sleeves are preferably adhered to 
the outer shaft 24 and the inner shaft 26 at point 40, 42, but 
may be adhered further up the Waste 41 of the balloon. The 
retraction con?gurations may be controlled by either pre 
creasing the sleeves or adhering the sleeve to a point further 
up on the Waist of the balloon. The sleeves have a tendency 
of folding at a pre-fold crease or at the point of adherence. 
A preferred cone angle of 45° for the balloon is shoWn in 
FIG. 6, Which shoWs an expanded balloon 14 and retracted 
sleeves 36,38. When the stent has reached the desired 
diameter, the balloon is de?ated so that the catheter may be 
removed leaving the stent in place. 

[0025] A modi?ed sleeve 39 con?guration is shoWn in 
FIG. 7 in stepped form 43 having a large diameter at 44 in 
one section 46 and a small diameter 45 in a second section 
50. 

[0026] FIGS. 8-10 shoW alternative embodiments of the 
invention. Speci?cally, alternative positioning and number 
of mounting bodies 30. These ?gures shoW an unexpanded 
balloon having the mounted bodies 30 Within the balloon. 
They are meant to illustrate essentially the same structure as 
shoWn in FIG. 2 differing only in the number and position 
ing of the mounted bodies 30. In the embodiment shoWn in 
FIG. 8, the ring-like mounting body 30 is singular. Another 
similar version is shoWn in FIG. 9 Which includes three 
ring-like mounting bodies 30. The embodiment shoWn in 
FIG. 10 includes four ring-like mounting bodies 30. 
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[0027] The above Examples and disclosure are intended to 
be illustrative and not exhaustive. These examples and 
description Will suggest many variations and alternatives to 
one of ordinary skill in this art. All these alternatives and 
variations are intended to be included Within the scope of the 
attached claims. Those familiar With the art may recognize 
other equivalents to the speci?c embodiments described 
herein Which equivalents are also intended to be encom 
passed by the claims attached hereto. 

What is claimed is as folloWs: 
1. A stent delivery system comprising in combination: 

a radially expandable stent of generally cylindrical con 
?guration, and 

a catheter having a shaft and expandable means associated 
thereWith at a distal part of the shaft and including 
mounting and retaining means for receiving the stent on 
the expandable means for radial expansion of the stent 
upon expansion of the expandable means, the mounting 
and retaining means including at least one mounting 
body carried on and surrounding the shaft inside the 
in?atable means Whereby the diameter of the shaft and 
expandable means are increased at the distal part for 
facilitating the mounting and retaining of the stent, and 
further including 

a sleeve at the distal portion of the catheter, having a ?rst 
end ?xed to the catheter and a second end overlying an 
end portion of the stent, the sleeve sliding axially to 
release the stent upon expansion of the expandable 
means. 

2. The stent delivery system of claim 1 Wherein the 
mounting body is of a material Which resiliently deforms 
under radial pressure. 

3. The stent delivery system of claim 2 Wherein the 
material is elastomeric. 

4. The stent delivery system of claim 2 Wherein the 
material comprises polyurethane. 

5. The stent delivery system of claim 1 Wherein the stent 
is crimped to the mounting and retaining means for delivery. 

6. The stent delivery system of claim 1 including marker 
bands positioned on the shaft proximally and distally of the 
stent. 

7. The stent delivery system of claim 1 Wherein the 
expandable means comprises a balloon. 

8. A stent delivery system comprising: 

a catheter having a shaft and expandable means associated 
thereWith at a distal part of the shaft and including 
mounting and retaining means for receiving a stent to 
be delivered upon expansion of the in?atable means, 
the mounting and retaining means including at least one 
ring-like body inside the expandable means and carried 
by the shaft, and 
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a stent crimped to the expandable means and the mount 
ing body such that the stent is carried on the shaft and 
mounting body until expansion of the stent and expand 
able means, and 

a ?rst and second sleeve in the distal part of the catheter 
positioned around the catheter, each having a ?rst end 
?xed to the catheter and a second end overlying ?rst 
and second end portions of the stent respectively, the 
?rst and second sleeves separately ?xing the stent 
before expansion thereof and upon expansion of the 
expandable means and stent releasing the stent by 
sliding axially from over the stent. 

9. The stent delivery system of claim 8 Wherein the stent 
is generally tubular in shape and the mounting body is 
generally ring-like in shape. 

10. The stent delivery system of claim 8 Wherein at least 
tWo spaced mounting bodies are included. 

11. The stent delivery system of claim 8 Wherein at least 
three spaced mounting bodies are included. 

12. The stent delivery system of claim 8 Wherein at least 
four spaced mounting bodies are included. 

13. Aballoon catheter for intraluminal delivery of a stent, 
the catheter comprising a shaft, a balloon associated With a 
distal portion of the shaft for receiving a stent, and means for 
in?ating the balloon, the shaft including at least one ring-like 
mounting body carried on the shaft inside the balloon 
Whereby the diameter of the shaft is increased inside the 
balloon to facilitate mounting of a stent to the catheter over 
the balloon and further including, 

a ?rst and second sleeve in the distal part of the catheter 
positioned around the catheter, each having a ?rst end 
?xed to the catheter and a second end overlying ?rst 
and second end portions of the stent respectively, the 
?rst and second sleeves separately ?xing the stent 
before expansion thereof and upon expansion of the 
expandable means and stent releasing the stent by 
sliding axially from over the stent. 

14. The catheter of claim 13 Wherein the mounting body 
is elastomeric. 

15. The catheter of claim 13 Wherein the material is 
polyurethane. 

16. The catheter of claim 13 including spaced marker 
bands. 

17. The catheter of claim 13 Wherein at least tWo spaced 
mounting bodies are included. 

18. The catheter of claim 13 Wherein at least three spaced 
mounting bodies are included. 

19. The catheter of claim 13 Wherein at least four spaced 
mounting bodies are included. 

* * * * * 


