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(57) ABSTRACT 

The present invention provides a catheter balloon having an 
advantageous cone design. In particular, the catheter balloon 
has at least one cone section With a volume in mm3 such that, 
When the ratio of one cone volume to the transverse cross 
sectional area in mm2 of the in?ated median section is at 
least about 2.1 mm. In certain applications, the advanta 
geous cone design can assist in the preferential expansion of 
the cone sections prior to any signi?cant expansion of the 
median section. The balloon can thus advantageously be 
utilized as a component of a balloon catheter or prosthesis 
delivery system, also provided via the present invention. 
When so utilized, the inventive balloon can assist in reduc 
ing any shifting of the balloon and/or prosthesis during 
in?ation or delivery, respectively. Methods of utiliZing the 
balloon catheters in dilation procedures, as Well as the 
prosthesis delivery systems to deliver prosthesis, are also 
provided. 
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CATHETER BALLOON WITH ADVANTAGEOUS 
CONE DESIGN 

FIELD OF THE INVENTION 

[0001] The present invention pertains generally to catheter 
balloons useful in medical dilation and stent delivery pro 
cedures. More speci?cally, the present invention relates to 
catheter balloons Wherein the cone sections have a design 
that, in some applications, can provide the cone sections 
With the ability to preferentially in?ate relative to the median 
section of the catheter balloon. 

BACKGROUND OF THE INVENTION 

[0002] Angioplasty is a Widely utiliZed therapeutic treat 
ment in Which obstructed intraluminal passages are 
reopened or dilated. In a typical procedure, a catheter 
comprising an in?atable member, such as a balloon, is 
inserted percutaneously into a luminal passage of a patient, 
such as an artery, vein, airWay, etc. Once inserted, the 
balloon is advanced to the desired treatment site, Where the 
balloon may be in?ated to dilate the luminal passage. In 
certain applications, the balloon catheter may be used to 
place an intravascular prosthesis, such as a stent, Within the 
luminal passage, Which prosthesis could then operate to 
maintain the patency of the luminal passage. 

[0003] Although vascular angioplasty and stenting are 
Widely utiliZed and largely successful procedures, improve 
ments to the same could yet be made. In dilation procedures, 
for example, it Would be desirable for the in?atable member 
to controllably in?ate, and at times preferentially in?ate, to 
better control the position of the in?atable member. In 
procedures Wherein an intravascular prosthesis is to be 
delivered, it Would be desirable to enhance the robustness of 
the delivery of the prosthetic device. 

SUMMARY OF THE INVENTION 

[0004] The invention is generally directed to catheter 
balloons including cone sections having an advantageous 
design. In particular, the cone sections have a ratio of the 
volume of one cone section to the transverse cross-sectional 
area of the fully in?ated median section that can provide for 
a more controlled in?ation of the balloon. In certain appli 
cations, such as the delivery of a prosthesis from a catheter 
comprising the balloon, this cone con?guration can assist in 
the preferential expansion of the cones prior to the median 
section of the balloon. Such a preferential expansion can 
further act to control the position of the implantable device. 
In such prosthesis delivery systems Where socks or sleeves 
are desirably employed, the utiliZation of the inventive 
balloon can be particularly advantageous. In particular, the 
preferential expansion of the cone sections of the inventive 
balloon prior to the median section can aid in the release of 
the stent from such socks or sleeves. 

[0005] In a ?rst aspect, then, the invention provides a 
catheter balloon, and a method of forming the inventive 
catheter balloon. The catheter balloon generally has expand 
able cone sections proximal and distal to a median section of 
the balloon. When the balloon is ?lly in?ated, the median 
section has a transverse cross sectional area, and each cone 

section has a volume, so that the ratio of the volume, in mm3, 
of either of the cone sections to the transverse cross sectional 
area, in mm2, of the median section is at least about 2.1 mm. 
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Although this ratio, and the measurements utiliZed in cal 
culating the ratio, is/are expressed in millimeters, the mea 
surements can be taken in any units and the ratio calculated, 
so long as the measurements or the resulting ratio are 
converted to the units of millimeters by applying the appro 
priate conversion factor. 

[0006] It has noW been discovered that one Way of pro 
viding a cone section With a suf?cient volume to provide the 
aforementioned advantageous ratio is to provide the cone 
section With a stepped con?guration having a plurality of 
sections, Wherein at least one of the sections de?nes an 
internal angle relative to the median section of greater than 
180 degrees. Thus, in an additional aspect, the invention 
provides a catheter balloon having cone sections proximal 
and distal to a median section of the balloon. At least one of 
the cone sections has a stepped con?guration comprising a 
plurality of sections, Wherein at least one of the sections 
de?nes an internal angle relative to the median section of 
greater than about 180 degrees. 

[0007] In a further aspect, the invention provides a balloon 
catheter and method of manufacturing the same. The balloon 
catheter generally comprises a catheter having an elongated 
shaft With an in?atable catheter balloon on a distal section of 
the catheter shaft. The catheter balloon generally has 
expandable cone sections proximal and distal to a median 
section of the balloon. When the balloon is fully in?ated, the 
median section has a transverse cross sectional area in mm2, 
and each cone section has a volume, in mm3, so that the ratio 
of the volume of either of the cone sections to the transverse 
cross sectional area of the median section is at least about 2.1 
mm. 

[0008] A further aspect of the invention provides a stent 
delivery system, the stent delivery system generally com 
prising a balloon catheter Wherein the balloon catheter has 
an elongated shaft With an in?atable balloon on a distal 
section of the catheter shaft. The catheter balloon generally 
has expandable cone sections proximal and distal to a 
median section of the balloon. When the balloon is fully 
in?ated, the median section has a transverse cross sectional 
area in mm2, and each cone section has a volume in mm3, 
so that the ratio of the volume of either of the cone sections 
to the transverse cross sectional area of the median section 
is at least about 2.1 mm. An expandable stent is operatively 
disposed about at least a portion of the median section of the 
catheter balloon. 

[0009] Advantageously, the catheter balloon of the present 
invention can aid in the retraction of sleeves or socks in stent 
delivery systems including such sleeves or socks. Option 
ally, then, the stent delivery system may further comprise at 
least one such sleeve or sock. The sleeve can be provided 
having a ?rst end mounted on the distal shaft section distal 
to the catheter balloon and a second end de?ning a margin 
betWeen the stent and the sleeve, Wherein the sleeve overlies 
the margin betWeen the stent and the median section When 
the catheter balloon is substantially unin?ated. 

[0010] The inventive catheter balloon, When utiliZed as a 
component of an angioplasty catheter or a stent delivery 
system can provide for the improved performance thereof. 
When used in combination With a stent delivery system, for 
example, the inventive cone design can assist in the prefer 
ential expansion of the cone sections. This preferential 
expansion can reduce any shifting of the stent during deliv 
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ery that may otherwise occur. As a result, the present 
invention additionally provides methods of dilating a bodily 
lumen, or for delivering a stent. The methods comprise the 
steps of providing a balloon catheter or stent delivery system 
embodying features of the present invention, inserting the 
balloon catheter, or stent delivery system, as the case may 
be, into a bodily lumen and in?ating the balloon so that the 
median section expands to dilate the bodily lumen and/or to 
deliver the stent. 

[0011] These and other advantages of the invention Will 
become more apparent from the folloWing detailed descrip 
tion of the invention and the accompanying exemplary 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this application, illustrate 
several aspects of the invention and together With descrip 
tions of the illustrated embodiments serve to explain the 
principles of the invention. Abrief description of the draW 
ings is as folloWs: 

[0013] FIG. 1 is a longitudinal cross-sectional vieW of a 
catheter balloon embodying features of the present inven 
tion; 
[0014] FIG. 2 is a schematic, perspective vieW of a further 
catheter balloon embodying features of the present inven 
tion; 
[0015] FIG. 2A is a longitudinal, partial cross-sectional 
vieW of the catheter balloon of FIG. 2, Wherein the vieW 
provided is as betWeen lines 1-1 and 2-2 of the balloon at 
FIG. 2, and the cross section is taken at line A-A; 

[0016] FIG. 3 is an elevational vieW, partially in section, 
of a balloon catheter embodying features of the present 
invention, Wherein the balloon is in an unexpanded state; 

[0017] FIG. 4 is a cross-sectional vieW of the balloon 
catheter shoWn in FIG. 3, depicting the balloon partially 
expanded; 
[0018] FIG. 5 is a cross-sectional vieW of the balloon 
catheter shoWn in FIG. 3, depicting the balloon fully 
expanded; 
[0019] FIG. 6 is a cross-sectional vieW of a stent delivery 
system utiliZing a balloon and embodying features of the 
present invention, Wherein the balloon is in an unexpanded 
state; 

[0020] FIG. 7 is a cross-sectional vieW of the stent deliv 
ery system shoWn in FIG. 6, depicting the balloon partially 
expanded; 
[0021] FIG. 8 is a cross-sectional vieW of the stent deliv 
ery system shoWn in FIG. 6, depicting the balloon and stent 
expanded; 
[0022] FIG. 9 is a cross-sectional vieW of another stent 
delivery system utiliZing a balloon and embodying features 
of the present invention, Wherein the balloon is in an 
unexpanded state and the stent delivery system comprises 
sleeves; 
[0023] FIG. 10 is a cross-sectional vieW of the stent 
delivery system shoWn in FIG. 9, depicting the balloon 
partially expanded; and 
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[0024] FIG. 11 is a cross-sectional vieW of the stent 
delivery system shoWn in FIG. 9, depicting the balloon and 
stent expanded. 

DETAILED DESCRIPTION 

[0025] The embodiments of the present invention 
described beloW are not intended to be exhaustive or to limit 
the invention to the particular embodiments disclosed in the 
folloWing detailed description. Rather, the embodiments are 
described so that others skilled in the art can understand the 
principles and practices of the present invention. 

[0026] The present invention provides balloons suitable 
for use in catheters comprising cone sections having an 
advantageous design. In particular, the inventive catheter 
balloon has cone sections having a volume so that the ratio 
of the volume of one cone (in mm3) to the transverse cross 
sectional area of the fully in?ated median section (in mm2) 
is at least about 2.1 mm. Although this ratio, and the 
measurements utiliZed in calculating the ratio, is/are 
expressed in millimeters, the measurements can be taken in 
any units and the ratio calculated, so long as the measure 
ments or the resulting ratio are converted to the units of 
millimeters by applying the appropriate conversion factor. 

[0027] It has noW been discovered that catheter balloons 
having such cone sections can be more controllably in?ated, 
and in certain applications, can provide preferential expan 
sion of the cone sections prior to any signi?cant expansion 
of the median section of the balloon. Balloons having such 
a cone design can be utiliZed in balloon catheters or pros 
thesis delivery systems Where this capability can act to 
reduce any shifting of the prosthesis during expansion and 
delivery thereof that may otherWise occur. 

[0028] One exemplary catheter balloon embodying fea 
tures of the invention is shoWn in FIG. 1. Speci?cally, FIG. 
1 illustrates, in cross-sectional side vieW, an expanded 
in?atable balloon 10. In?atable balloon 10 is described, for 
purposes of illustrating the design features of the invention, 
as having at least three regions. 

[0029] A ?rst region is the centermost section, or the 
median section 12 of balloon 10, and is indicated by ‘B’ in 
FIG. 1. Median section 12, When in?ated, runs generally 
parallel With, and engages, a patient’s luminal passage, such 
as a vessel Wall, or inner diameter of a stent. Median section 
12 can comprise the majority of the length of in?atable 
balloon 10, and typically has the greatest diameter of the 
three regions When balloon 10 is fully in?ated. 

[0030] Second regions of balloon 10 are comprised of the 
Waists 16 on the ?rst and second ends of balloon 10. Waists 
16 are used to adhere balloon 10 to one or a more catheter 

shafts (not shoWn). Waists 16 are indicated by ‘C’ in FIG. 
1. 

[0031] Third regions, indicated by ‘A’ in FIG. 1, are 
comprised of the cone sections 14 of balloon 10 provided 
betWeen the median section 12 and the Waists 16. As 
illustrated in FIG. 1, in?atable balloon 10 includes a single 
median section 12, proximal and distal cone sections 14 and 
proximal and distal Waists 16. HoWever, other con?gura 
tions are possible and are Within the scope of the present 
invention. As examples, other regions can be provided 
betWeen the described sections 12, 14 and 16 to perform 
other functions. 
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[0032] Cone sections 14 include a ?rst section 20, de?ned 
by lines 3-3 and 4-4, a second section 22, de?ned by lines 
2-2 and 3-3, and a third section 24, de?ned by lines 1-1 and 
2-2. First section 20 is proximal to median section 12, and 
forms a ?rst angle 0t relative to median section 12. First 
angle 0t is desirably betWeen about 90° and about 180°. 
Second section 22 is proximal to ?rst section 20 and forms 
an angle [3 relative to ?rst section 20 as shoWn. Angle [3 is 
desirably betWeen about 180° and 360°, typically betWeen 
about 180° and 270°. Third section 24 is proximal to second 
section 22 and forms an angle 6 relative to second section 22 
that is desirably betWeen about 30° and 180°. 

[0033] It has noW been discovered that, by providing a 
preselected ratio of the volume of one cone section 14 to the 
transverse cross sectional area of fully in?ated median 
section 12, a catheter balloon 10 can be produced that can 
provide a more controllable in?ation that balloons not 
having the preselected ratio. More particularly, it has noW 
been discovered that When the ratio of the volume of one 
cone section 14 (in mm3) to the transverse cross-sectional 
area of the fully in?ated median section 12 (in mm2) is at 
least about 2.1 mm, preferably at least about 2.25 mm, more 
preferably, at least about 2.5 mm, the advantages of the 
present invention can be seen. Of course, and as mentioned 
above, the volume and transverse cross-sectional area mea 
surements can be taken, and the ratio of the same calculated, 
in any units, so long as the units of either both of the 
measurements, or the calculated ratio, are mathematically 
converted to millimeters via application of the appropriate 
conversion factor. 

[0034] It is believed that there is no maximum to this ratio, 
since, in general, a greater ratio suggests a more controllable 
in?ation of the cone sections 14. The ratio can be, for 
example, 3.0 mm, 3.5 mm, 4.0 mm, 4.5 mm, 5.0 mm, etc. 
HoWever, and for purposes of illustration only, it is believed 
that the inventive relationship is particularly advantageous 
When the ratio of the volume of one cone section 14 (in 
mm3) to the transverse cross sectional area of fully in?ated 
median section 12 (in mm2) is from about 2.1 mm to about 
4.0 mm, more preferably from about 2.1 mm to about 2.5 
mm. 

[0035] The volume and/or shape of cone sections 14 on 
either side of median section 12 need not be identical, so 
long as the speci?ed ratio can be achieved utiliZing the 
volume of at least one cone section. That is, although the 
embodiment illustrated in FIG. 1 of balloon 10 is symmetri 
cal and median section 12 is at a central location on the 
balloon, alternative balloon designs may be used for par 
ticular applications and anatomies. Additionally, the inven 
tive concept can be applied to any siZe catheter balloon 10, 
so long as the advantageous ratio of the volume of one cone 
section 14 to the transverse cross sectional area of the 
median section 12 is provided. 

[0036] Finally, shape or geometry of cone sections 14 is 
not critical, and although a stepped cone con?guration is 
illustrated in FIG. 1, cone sections 14 need not exhibit this 
con?guration. Rather, cone sections 14 can be stepped, 
tapered or any other suitable con?guration, as long as the 
ratio of the volume of one cone section 14 (in mm3) to the 
transverse cross sectional area of fully in?ated median 
section 12 (in mm2) is at least about 2.1 mm. 

[0037] In this regard, an additional suitable balloon con 
?guration embodying features of the present invention is 
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shoWn in FIGS. 2 and 2A. In particular, FIG. 2 shoWs a 
balloon catheter Wherein the balloon includes ‘bulged’ cone 
sections 14 in addition to Waists 16 and median section 12. 
In particular, Waists 16 are indicated by ‘C’ in FIG. 2A. 
Cone sections 14 are indicated by ‘A’ in FIG. 2A and are 
provided betWeen median section 12 and Waists 16. 

[0038] Cone volume and cross sectional area can be easily 
calculated for all cone and balloon geometries based on 
knoWn mathematical formulas and are calculated based 
upon the balloon 10 When median section 12, or median 
section 12 and one or both of cone sections 14, is/are fully 
in?ated. As used and discussed herein, all measurements and 
calculations Were made and carried out in dimensions of 
millimeters. For example, if cone sections 14 are tapered, 
cone volume of cone sections Would be calculated based on 
the cumulative volume of the de?ned geometric 3D shapes. 
Generally, tapering cone sections 14 provides cone sections 
With right circular cone geometry, for Which volume can be 
calculated by applying the formula V=(1/3)J'cr2h. If cone 
sections are stepped, as is shoWn in FIG. 1, cone volume 
Would be calculated using the same formula as above, 
applied to tWo areas de?ned by the intervening angle(s). 
That is, the cone volume of the cone de?ned by lines 1-1 and 
2-2, by lines 2-2 and 3-3 and by lines 3-3 and 4-4 Would be 
calculated and added together to obtain the volume of one 
cone section 14 of balloon 10. The volume of cone sections 
14 can be further easily determined by ?lling cone sections 
14 With Water, and Weighing the Water. 

[0039] The transverse cross sectional area of median sec 
tion 12 is calculated based upon median section 12 When 
fully in?ated and can be calculated using the knoWn math 
ematical formula A=Jtr2. 

[0040] Also, as performed in connection With the present 
application, transverse cross sectional area and cone volume 
are calculated as indicated above, regardless of any other 
parts and/or substances that may be introduced into the cone 
sections 14 or median section 12 once the balloon has been 
formed. That is, if catheter balloon 10 is to be included on 
a balloon catheter, as shoWn in FIG. 2, the volume of cone 
sections 14, or transverse cross-sectional area of median 
section 12, Would be calculated Without reducing the calcu 
lated volume or cross sectional area by that volume or cross 
sectional area that is taken up by, e.g., an inner tubular 
member and an outer tubular member, not shoWn in FIG. 2 
once the balloon catheter has been assembled. Further, the 
Wall thickness of the balloon is assumed to be negligible, 
i.e., the calculations of cross-sectional area and volume that 
Were performed Were based upon the outer diameter of the 
respective balloon sections. 

[0041] The catheter balloon of the present invention can 
be produced by any suitable technique, including conven 
tional techniques for producing catheter balloons. For 
example, a catheter balloon embodying features of the 
present invention can be formed by molding. In order to 
mold the balloon illustrated in FIG. 1, or any other balloon 
Within the scope of the invention, an extruded polymeric 
tube can be radially expanded and axially expanded Within 
a mold generally having the desired shape of the balloon at 
elevated temperatures. The resulting balloon may be heat 
treated one or more times as is conventionally knoWn, e.g., 
to reduce shrinkage of the balloon. Non-limiting examples 
of methods for manufacturing balloons are disclosed in US. 
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Pat. Nos. 4,950,239, 4,490,421, 5,195,969; 5,556,383; 
6,210,364; 5,270,086; and 6,168,748. 

[0042] Catheter balloon 10 may be formed from any 
material, or combination of materials, typically used to form 
catheter balloons. The particular material(s) chosen Will 
depend upon the intended use of the catheter balloon. In 
those uses in Which a compliant material is desired, loW 
pressure, relatively soft or ?exible polymeric materials such 
a thermoplastic polymers, thermoplastic elastomers, poly 
ethylene (high density, loW density, intermediate density, 
linear loW density), various co-polymers and blends of 
polyethylene, ionomers, polyesters, polyurethanes and poly 
urethane copolymers (such as, e.g., Pellethane®), polycar 
bonates, polyamides (such as, e.g., Nylon 12), poly-vinyl 
chloride, acrylonitrile-butadiene-styrene copolymers, poly 
ether-polyester copolymers (such as, e. g., Hytrel® and Arni 
tel®), and polyether-polyamide copolymers (such as, e.g., 
Pebax®) are useful. When a non-compliant balloon material 
is desired, materials having relatively rigid properties such 
as poly(ethylene terphthalate), polyimide, thermoplastic 
polyimide, polyamides, polyesters, polycarbonates, 
polyphenylene sul?des, polypropylene and rigid polyure 
thanes are useful. 

[0043] As mentioned above, catheter balloon 10 may be 
comprised of a combination of materials, and may be 
coextruded, single layered or multilayered. Catheter balloon 
10 may further be coated With any knoWn suitable coating, 
if desired. Such coatings may be desirable, for example, in 
those applications Where a lubricious balloon surface is 
desired. 

[0044] The balloon material may further be crosslinked or 
uncrosslinked, depending upon the nature of the material 
and the characteristics desired for a particular application. 
Generally speaking, crosslinking a balloon material can 
result in greater control over the ?nal in?ated balloon siZe. 
That is, after crosslinking, initial pressuriZation, expansion, 
and preshrinking, a balloon so treated may thereafter expand 
in a more controlled manner to a reproducible diameter in 

response to a given in?ation pressure, relative to an 
uncrosslinked balloon comprising similar material. If 
desired, crosslinking can be performed by any conventional 
crosslinking process, such as, for example, thermal treat 
ment and/or E-beam exposure. 

[0045] Once formed, the thickness of any portion of 
balloon Wall 18, shoWn in FIG. 1, may be varied if desired. 
Varied balloon thickness can be useful, for example, in order 
to facilitate folding of balloon 10 around a catheter shaft to 
achieve a desired loW pro?le, or to achieve various balloon 
pressure ratings. Material may be added, removed or com 
binations thereof to achieve the desired result. Typically, 
varying the thickness of balloon Wall 18 is desired in median 
section 12 and/or cone sections 14 of balloon 10. Exemplary 
means of modifying the thickness of the cone sections of a 
balloon are disclosed in commonly assigned US. Pat. No. 
5,733,301, the entirety of Which is hereby incorporated by 
reference herein for all purposes. 

[0046] FIG. 3 illustrates a balloon catheter embodying 
features and advantages of the invention. Balloon catheter 
300 generally includes an elongated catheter shaft 301 
having proximal section 302 and distal section 303, an 
in?atable balloon 30 disposed on the distal section 303 of 
catheter shaft 301, and manifold 304 mounted on proximal 
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section 302 of shaft 301 to permit controllable sliding over 
guideWire 311 and for ?uid introduction Within shaft 301. 
Radiopaque markers 314 may be provided on catheter shaft 
301, as for example, on inner tubular member 307 near the 
proximal and distal ends of median section 32 of balloon 30. 
In FIG. 3, balloon catheter 300 is illustrated Within a 
patient’s body lumen 305 prior to expansion of balloon 30, 
i.e., With balloon 30 in a loW pro?le, unexpanded state for 
advancement Within the patient. 

[0047] In the embodiment illustrated, catheter shaft 301 
has an outer tubular member 306 and an inner tubular 
member 307 disposed Within outer tubular member 306, and 
de?ning along With outer tubular member 306, in?ation 
lumen 308. In?ation lumen 308 is in ?uid communication 
With the interior chamber 309 of in?atable balloon 30. Inner 
tubular member 307 has an inner lumen 310 extending 
therethrough to slidably receive a guideWire 311 suitable for 
advancement through a patient’s body lumen 305. The distal 
extremity of in?atable balloon 30 is sealingly secured to the 
distal extremity of inner tubular member 307 and the proxi 
mal extremity of the balloon 30 is sealingly secured to the 
distal extremity of the outer tubular member 306. Balloon 30 
can be in?ated by any ?uid, e.g., radiopaque, injected 
through in?ation port 312, or otherWise provided through 
in?ation lumen 308, or by other means, such as from a 
passageWay formed betWeen the outside of the catheter shaft 
and the member forming balloon 30, depending on the 
particular design of the catheter. The details and mechanics 
of ?uid transfer and introduction Within balloons vary 
according to the speci?c design of the catheter, and are Well 
knoW in the art. 

[0048] Various designs for balloon catheters are Well 
knoWn in the art, and all of these and other developed 
balloon catheters may incorporate the balloon features of the 
present invention. Examples include over-the-Wire cath 
eters, single operator or rapid exchange catheters, and ?xed 
Wire catheters, to name a feW. Further, catheter shaft 301, 
and the outer tubular member 306 and inner tubular member 
307 incorporated therein, can have the dimensions of any 
conventional dilatation or stent delivery catheters, and inner 
and outer tubular members incorporated into the same. Shaft 
diameters of conventional catheter shafts generally range 
e.g., from about 4 to about 15 French. 

[0049] FIGS. 4 and 5 illustrate the advantages that can be 
seen incorporating the inventive balloon 30 into balloon 
catheter 300 and then utiliZing balloon catheter 300 in a 
treatment procedure. In particular, FIG. 4 shoWs in?atable 
balloon 30 placed Within lesion 38 located Within a bodily 
lumen 305 and partially in?ated. FIG. 5 shoWs in?atable 
balloon 30 fully in?ated so as to be dilating lesion 38 Within 
bodily lumen 305. 

[0050] Referring in particular to FIG. 4, balloon 30 
includes median section 32 centrally located on balloon 30 
and cone sections 34 adjacent to the proximal and distal ends 
of median section 32. As shoWn, cone sections 34 taper or 
curve to join Waists 36, but may be of any other geometry. 
Waist 36 of balloon 30 distal to median section 32 is 
sealingly secured to inner tubular member 307 While Waist 
36 of balloon 30 proximal to median section 32 is sealingly 
secured to outer tubular member 306, using any suitable 
means, such as adhesive and/or fusion bonding. 

[0051] Turning noW to FIGS. 6-8, there is illustrated a 
stent delivery system 600 embodying features of the inven 



US 2005/0203563 A9 

tion. The stent delivery system illustrated can be largely 
identical to the balloon catheter discussed above in connec 
tion With FIG. 2, and like features and the relationships 
betWeen features Will not be discussed further, as a descrip 
tion thereof can be found hereinabove. 

[0052] Referring in particular to FIG. 6, balloon 60 has 
stent 613 mounted thereon in order to form stent delivery 
system 600. Stent delivery system 600 is illustrated Within 
a patient’s body lumen 605, prior to expansion of balloon 60, 
With balloon 60 and stent 613 in a loW pro?le, unexpanded 
state for advancement Within the patient. 

[0053] FIG. 7 shoWs balloon 60 partially in?ated at a ?rst, 
loW pressure. Partial in?ation of balloon 60 causes the 
in?ation of cone sections 64, Without causing signi?cant 
expansion of median section 62, or stent 613 mounted on 
median section 62. When so partially in?ated, median sec 
tion 62 remains in a de?ated, loW pro?le con?guration, 
While cone sections 64 have expanded to an in?ated outer 
diameter greater than that of the outer diameter of median 
section 62 and stent 613. 

[0054] As is best illustrated by FIG. 8, When the in?ation 
pressure is increased, median section 62 expands against the 
vessel Wall 605, thereby expanding stent 613 mounted 
thereon. In this position, stent 613 is fully deployed and 
capable of maintaining the patency of lumen 605. Advan 
tageously, and due at least in part to the preferential expan 
sion of cone sections 64, any potential shifting of stent 613 
Within lumen 605 that may have otherWise occurred can be 
reduced, and as a result, a more robust stent delivery can be 
obtained. 

[0055] Stent 613 may be mounted onto balloon 60 by any 
knoWn method, e.g., by causing stent 613 to contract, by 
folding or Wrapping stent 613 around and onto balloon 60, 
by crimping stent 613 onto balloon 60, either by hand or 
With a crimping tool, or by any other knoWn method. Stent 
613 may also be formed of non-knitted material so that the 
axial length of stent 613 decreases as stent 613 expands, thus 
enhancing the release of stent 613 from stent delivery 
system 600. Further, stent 613 may be any kind of stent, 
including plastically deformable or elastically deformable 
stents, or may be a superelastic stent. Finally, stent 613 may 
be formed With different knitting parameters, Wall thick 
nesses, loop siZe or may be formed from of any of a variety 
of stent materials. For example, stent 613 may be comprised 
of stainless steel, titanium, niobium, tantalum, a nickel 
titanium alloy, any other suitable metallic alloy, a plastic 
material, or various other materials. Stent 613 may addi 
tionally be coated With a ?lm or membrane if desired. 

[0056] FIGS. 9-11 illustrate a further stent delivery sys 
tem embodying features of the invention. The balloon cath 
eter upon Which stent 913 is mounted to form stent delivery 
system 900 can be largely identical to that described in 
connection With FIG. 3 hereinabove, and Will not be sub 
stantially described further in connection With FIGS. 9-11. 

[0057] Referring to FIG. 9, stent delivery system 900 
includes a balloon catheter, including balloon 90, Which may 
be attached to the catheter by any knoWn procedure. Balloon 
90 is shoWn in its contracted state in FIG. 9. Stent 913 is 
held in position about median section 92 of balloon 90 by 
tWo sleeves, 915. As discussed above, stent 913 may be 
formed of any suitable material and of a length and circum 

Sep. 15, 2005 

ference suitable for the intended use. Stent 913 is radially 
compressed against median section 92 of balloon 90 to 
provide a compressed diameter, suitable for insertion and 
advancement Within a patient. Sleeves 915 are axially ?xed 
on the catheter at one end, e.g., as by adhesive, thermal 
bonding, etc., and at the other end, overlap stent 913 at each 
end or margin, of stent 913. Although shoWn With tWo 
sleeves 915, stent delivery system 900 may be provided With 
only one sleeve 915. 

[0058] FIG. 10 shoWs balloon 90 partially in?ated at a 
?rst, loW pressure. The ?rst pressure causes the in?ation of 
cone sections 94, Without causing signi?cant expansion of 
median section 92 or stent 913 mounted on median section 
92. The in?ation of cone sections 94, in turn, drives sleeves 
915 aWay from the median section 92 and to release the 
margins of stent 913 from under sleeves 915. When so 
partially in?ated, median section 92 remains in a de?ated, 
loW pro?le con?guration, and stent 913 remains in its 
unexpanded state, While cone sections 94 have expanded to 
an in?ated outer diameter greater than that of the outer 
diameter of median section 92 and stent 913. Preferably 
cones in?ate to expand siZe of median section 92 of balloon 
90 and to contact body lumen. 

[0059] Referring to FIG. 11, When balloon 90 is fully 
in?ated, median section 92 expands against the vessel Wall, 
thereby expanding stent 913 mounted thereon. In this posi 
tion, stent 913 is released from sleeves 915, is fully deployed 
and capable of maintaining the patency of lumen 905. 

[0060] Advantageously, and due at least in part to the 
preferential expansion of cone sections 94, prior to any 
signi?cant expansion of median section 92 and/or stent 913, 
any potential shifting of stent 913 Within lumen 905 that 
might otherWise occur, can be reduced or eliminated, and as 
a result, a more robust stent delivery can be obtained. 
Further, the preferential expansion of cone sections 94 
bene?cially aids in the release of stent 913 from sleeves 915. 

[0061] The use of stent delivery system 900 in the delivery 
of stents comprised of a ?exible material is particularly 
advantageous in that such ?exible stents typically expand 
When introduced into the body, thereby rendering release 
from socks 915 dif?cult. HoWever, the stent, balloon, and 
balloon catheter of stent delivery system 900 may be formed 
of any material, as described hereinabove. 

[0062] Sleeves 915 may be formed of any material and by 
any knoWn method. Non-limiting examples of sleeves, and 
the materials and methods of making sleeves, are disclosed 
in Us. Pat. Nos. 4,950,227; 5,944,726; and 5,980530; the 
entire disclosures of Which are incorporated herein by ref 
erence for all purposes. 

[0063] The balloon 90, stent 913 and stent delivery system 
900 may be manufactured by any suitable method, as 
described hereinabove. Furthermore, stent delivery systems 
comprising sleeves, and methods of manufacturing the same 
are knoWn, and are described in, for example, US. Pat. No. 
4,950,227, the entire disclosure of Which is hereby incor 
porated by reference for all purposes. 

[0064] The discovery of the advantages of the herein 
disclosed ratio betWeen the cone volume and the cross 
sectional area of a balloon, When applied to a catheter 
balloon embodying the features of the invention, results in 
a catheter balloon that can expand in a controllable fashion. 
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The inventive catheter balloon is advantageously employed 
as a component of balloon catheter systems and stent 
delivery systems, as described above. When utiliZed in such 
systems, the inventive balloon provides the advantages of 
decreased shifting the median section of the balloon and/or 
of a stent mounted thereon, and enhanced release of a stent 
from sleeves, or socks, if the same are provided on the 
inventive stent delivery system. The inventive balloon, 
balloon catheter, and stent delivery system thus provide 
advantages When utiliZed to treat a patient. As a result, the 
present invention further provides methods of dilating a 
bodily lumen, as Well as a methods of delivering a stent, or 
other prosthetic device. 

[0065] The inventive method of dilating a lumen generally 
comprises the steps of providing a balloon catheter, Wherein 
the balloon catheter comprises at least a balloon embodying 
the features of the present invention. The balloon catheter is 
inserted into the lumen and the balloon advanced to the site 
that is desirably dilated. The balloon is then in?ated to cause 
the radial expansion of the balloon and the dilation of the 
lumen. The balloon may then be de?ated and WithdraWn 
from the lumen. 

[0066] The inventive method of delivering a stent or other 
prosthetic device, generally comprises the steps of providing 
a stent delivery device, Wherein the stent delivery device 
comprises at least a balloon embodying features of the 
invention. The stent delivery system is inserted into the 
lumen and the stent directed to the site Where it is desirably 
delivered. Once so positioned, the balloon is in?ated, during 
Which in?ation the cone sections in?ate prior to any signi? 
cant expansion of the median section thereof. The median 
section, as Well as the stent mounted thereon then expand 
until the stent reaches the lumen Wall. Because the cone 
sections preferentially in?ate prior to any signi?cant expan 
sion of the median section of the balloon and/or the stent 
mounted thereon, the cone sections can reduce any shifting 
of the stent from the desired delivery site that may otherWise 
occur. Once so delivered, the stent Would be capable of 
maintaining the patency of the lumen Wall. The balloon may 
then be de?ated and removed from the bodily lumen. 

[0067] A stent delivery system in accordance With the 
present invention may be utiliZed to deliver stents to, for 
example, coronary arteries, peripheral arteries, and visceral 
arteries as Well as to the biliary, urinary, respiratory, repro 
ductive or gastrointestinal tracts. Further, although stents are 
mentioned With particularity, and delivery system of the 
present invention can be utiliZed to deliver any prosthetic 
device suitably delivered With an in?atable member. 

[0068] Numerous characteristics and advantages of the 
invention described by this document have been set forth in 
the foregoing description. It is to be understood, hoWever, 
that While particular forms or embodiments of the invention 
have been illustrated, various modi?cations, including 
modi?cations to shape, and arrangement of parts, and the 
like, can be made Without departing from the spirit and 
scope of the invention. 

What is claimed is: 
1. A catheter balloon comprising: 

a median section having a proximal and distal end and a 
transverse cross sectional area in mm2 When the balloon 

is in?ated; and 
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a ?rst cone section proximal to the proximal end of the 
median section and a second cone section distal to the 
distal end of the median section, each such ?rst and 
second cone sections having a volume in mm3 When the 
balloon is in?ated, Wherein the ratio of the volume of 
either of the cone sections to the transverse cross 
sectional area of the median section of at least about 2.1 
mm. 

2. The catheter balloon of claim 1, Wherein the ratio of the 
volume of either of the cone sections to the transverse cross 
sectional area of the median section is from about 2.1 mm 
to about 4.0 mm. 

3. The catheter balloon of claim 2, Wherein the ratio of the 
volume of either of the cone sections to the transverse cross 
sectional area of the median section is from about 2.1 mm 
to about 2.5 mm. 

4. A catheter balloon comprising: 

a median section having a proximal and distal end; and 

a ?rst cone section proximal to the proximal end of the 
median section and a second cone section distal to the 
distal end of the median section, at least one of such 
cone sections having a stepped con?guration compris 
ing a plurality of sections and Wherein at least one of 
the sections de?nes an internal angle relative to the 
median section of greater than 180 degrees. 

5. A balloon catheter comprising: 

an elongated shaft having a proximal end, a distal end, and 
an in?ation lumen extending through at least a section 
thereof; and 

a catheter balloon mounted on a distal shaft section 
having an interior in ?uid communication With the 
in?ation lumen and further comprising 

a median section having a proximal and distal end and 
a transverse cross sectional area in mm2 When the 
balloon is in?ated; and 

a ?rst cone section proximal to the proximal end of the 
median section and a second cone section distal to 
the distal end of the median section, each such ?rst 
and second cone sections having a volume in mm3 
When the balloon is in?ated, Wherein the ratio of the 
volume of either of the cone sections to the trans 
verse cross sectional area of the median section of at 
least about 2.1 mm. 

6. The balloon catheter of claim 5, Wherein the ratio of the 
volume of either of the cone sections to the transverse cross 
sectional area of the median section is from about 2.1 mm 
to about 4.0 mm. 

7. The balloon catheter of claim 6, Wherein the ratio of the 
volume of either of the cone sections to the transverse cross 
sectional area of the median section is from about 2.1 mm 
to about 2.5 mm. 

8. The balloon catheter of claim 5, further comprising an 
expandable stent disposed about at least a portion of the 
median section of the catheter balloon. 

9. The balloon catheter of claim 5, Wherein the expand 
able stent has an end portion de?ning a margin betWeen the 
end portion of the stent and the median section of the 
catheter balloon and the balloon catheter further comprises 
a sleeve having a ?rst end mounted on the distal shaft section 
distal to the catheter balloon and a second end de?ning a 
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margin between the stent and the sleeve, Wherein the sleeve 
overlies the margin betWeen the stent and the median section 
of the catheter balloon. 

10. The balloon catheter of claim 5 Wherein the catheter 
is a ?xed Wire catheter. 

11. The balloon catheter of claim 5 Wherein the catheter 
is an over-the-Wire catheter. 

12. The balloon catheter of claim 5 Wherein the catheter 
is a rapid exchange catheter. 

13. A method of forming a catheter balloon comprising: 

(a) selecting a material from Which to form the balloon; 

(b) forming the balloon so that the balloon comprises 

(i) a median section having a proximal and distal end 
and a transverse cross sectional area in mm2 When 

the balloon is in?ated; and 

(ii) a ?rst cone section proximal to the proximal end of 
the median section and a second cone section distal 
to the distal end of the median section, each such ?rst 
and second cone sections having a volume in mm3 
When the balloon is in?ated, Wherein the ratio of the 
volume of either of the cone sections to the trans 
verse cross sectional area of the median section of at 
least about 2.1 mm. 

14. The method of claim 13, Wherein the ratio of the 
volume of either of the cone sections to the transverse cross 
sectional area of the median section is from about 2.1 mm 
to about 4.0 mm. 

15. The balloon catheter of claim 14, Wherein the ratio of 
the volume of either of the cone sections to the transverse 
cross sectional area of the median section is from about 2.1 
mm to about 2.5 mm. 

16. A method for dilating a bodily lumen Within a 
patient’s body comprising: 

(a) providing a balloon catheter, comprising 

(i) an elongated shaft having a proximal end, a distal 
end, and an in?ation lumen extending With at least a 
section thereof; and 

(ii) a catheter balloon mounted on the distal shaft 
section having an interior in ?uid communication 
With the in?ation lumen, the balloon comprising 

a median section having a proximal and distal end 
and a transverse cross sectional area in mm2 When 

the balloon is in?ated; and 

a ?rst cone section proximal to the proximal end of 
the median section and a second cone section 
distal to the distal end of the median section, each 
such ?rst and second cone sections having a 
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volume in mm3 When the balloon is in?ated, 
Wherein the ratio of the volume of either of the 
cone sections to the transverse cross sectional area 

of the median section of at least about 2.1 mm; 

(b) inserting the balloon catheter into bodily lumen of the 
patient’s body to be dilated; 

(c) in?ating the balloon so that the median section 
expands to dilate the bodily lumen. 

17. A method for delivering a stent to a bodily lumen 
Within a patient’s body comprising: 

(a) providing a stent delivery system, comprising 

(i) an elongated shaft having a proximal end, a distal 
end, and an in?ation lumen extending With at least a 
section thereof; 

(ii) a catheter balloon mounted on the distal shaft 
section having an interior in ?uid communication 
With the in?ation lumen, the balloon comprising: 

a median section having a proximal and distal end 
and a transverse cross sectional area in mm2 When 

the balloon is in?ated; and 

a ?rst cone section proximal to the proximal end of 
the median section and a second cone section 
distal to the distal end of the median section, each 
such ?rst and second cone sections having a 
volume in mm3 When the balloon is in?ated, 
Wherein the ratio of the volume of either of the 
cone sections to the transverse cross sectional area 

of the median section of at least about 2.1 mm; and 

iii an ex andable stent dis osed about at least a P P 
portion of the median section of the balloon; 

(b) inserting the stent delivery system into the bodily 
lumen of the patient’s body; 

(c) in?ating the balloon to produce the radial expansion of 
the median section and the stent disposed thereon, 
thereby delivering the stent. 

18. The method of claim 17, Wherein the stent delivery 
system further comprises a sleeve having a ?rst end mounted 
on the distal shaft section distal to the catheter balloon and 
a second end de?ning a margin betWeen the stent and the 
sleeve, Wherein the sleeve overlies the margin betWeen the 
stent When the catheter balloon is substantially unin?ated 
and the in?ation of the balloon further causes the second end 
of the sleeve to retract so that the sleeve no longer covers the 
stent and delivering the stent. 


