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figure 6 
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CUTTING BALLOON CATHETER HAVING 
INCREASED FLEXIBILITY REGIONS 

TECHNICAL FIELD 

[0001] The present invention pertains to angioplasty and 
angioplasty balloon catheters. More particularly, the present 
invention pertains to angioplasty balloon catheters that 
include one or more cutting edges coupled to an angioplasty 
balloon having increased ?exibility. 

BACKGROUND 

[0002] Heart and vascular disease are major problems in 
the United States and throughout the World. Conditions such 
as atherosclerosis result in blood vessels becoming blocked 
or narroWed. This blockage can result in a lack of oxygen 
ation to the heart, Which has signi?cant consequences since 
the heart muscle must be Well oxygenated in order to 
maintain its blood pumping action. 

[0003] Occluded, stenotic, or narroWed blood vessels may 
be treated With a number of relatively non-invasive medical 
procedures including percutaneous transluminal angioplasty 
(PTA), percutaneous transluminal coronary angioplasty 
(PTCA), and atherectomy. Angioplasty techniques typically 
involve the use of a balloon catheter. The balloon catheter 
may be advanced through a vasculature over a guideWire so 
that the balloon is positioned at a target location. The balloon 
may then be in?ated in a manner such that the restriction in 
the vessel is opened. 

[0004] One of the major obstacles in treating coronary 
artery disease and/or treating blocked blood vessels is re 
stenosis. Evidence has shoWn that cutting the stenosis, for 
example With an angioplasty balloon equipped With a cutting 
edge, during treatment can reduce incidence of re-stenosis. 
Additionally, cutting the stenosis may reduce trauma at the 
treatment site and/ or reduce the trauma to adjacent healthy 
tissue. Cutting blades may also be bene?cial additions to 
angioplasty procedures When the targeted occlusion is hard 
ened or calci?ed. It is believed typical angioplasty balloons, 
alone, may not be able to su?iciently expand at least a 
portion of these hardened lesions. Thus, angioplasty bal 
loons equipped With cutting edges have been developed in 
an attempt to enhance angioplasty treatments. There is an 
ongoing need for improved angioplasty devices, including 
cutting angioplasty balloons, and improved methods of 
treating intravascular stenoses and occlusions. 

SUMMARY 

[0005] The invention generally relates to improved angio 
plasty devices for treating vascular abnormalities, such as a 
stenosis. In at least some embodiments, an exemplary angio 
plasty device may include a catheter shaft having a balloon 
coupled thereto. One or more cutting members or blades 
may be coupled to the balloon. The balloon may include one 
or more discrete points or areas of ?exibility to improve the 
?exibility of the balloon during delivery, deployment, and/or 
WithdraWal of an angioplasty device. Such discrete points or 
areas of ?exibility may include one or more creases, folds, 
reduced diameter portions, less expandable portions, regions 
of reduced Wall thickness, and the like, formed in a portion 
of the balloon. 

[0006] Accordingly, one exemplary embodiment of the 
invention is a cutting balloon catheter including a balloon 
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having one or more generally circumferentially extending 
creases formed in the balloon Wall. One or more cutting 
members may be coupled to the balloon such that breaks in 
the cutting members, or segments thereof, are aligned With 
the one or more creases to impart greater ?exibility to the 
balloon portion. 

[0007] Another embodiment of the invention includes an 
atherotomy device for the treatment of coronary artery 
disease. The atherotomy device includes a plurality of 
cutting edges or atherotomes coupled to an in?atable bal 
loon. The atherotomes may be segmented to provide ?ex 
ibility. The balloon may also include at least one circum 
ferential crease to improve the ?exibility of the balloon 
during an atherotomy procedure. The ?exibility provided by 
the at least one circumferential crease and/or the segmented 
atherotomes alloWs the cutting balloon to more readily 
conform to the curvature of a vascular passageWay. Balloons 
not having such ?exibility may tend to straighten as they are 
in?ated in a curved vascular pathWay, thereby placing 
uneven pressure on the Wall of the vessel and subjecting 
unnecessary trauma to the vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention may be more completely understood 
in consideration of the folloWing detailed description of 
various embodiments of the invention in connection With the 
accompanying draWings, in Which: 

[0009] FIG. 1 is a partial cross-sectional vieW of a rep 
resentative cutting balloon catheter in accordance With an 
embodiment of the invention; 

[0010] FIG. 2 is a partial perspective vieW of a represen 
tative cutting member and balloon having at least one 
generally circumferentially extending crease in accordance 
With an embodiment of the invention; 

[0011] FIG. 3 is a partial perspective vieW of another 
representative cutting member and balloon having at least 
one generally circumferentially extending crease in accor 
dance With an embodiment of the invention; 

[0012] FIG. 4 is a partial perspective vieW of a represen 
tative cutting balloon catheter including a balloon having at 
least one crease in accordance With an embodiment of the 

invention; 
[0013] FIG. 5 is a partial perspective vieW of another 
representative cutting balloon catheter including a balloon 
having at least one crease in accordance With an embodi 
ment of the invention; 

[0014] FIG. 6 is a partial perspective vieW of another 
representative cutting balloon catheter including a balloon 
having at least one crease in accordance With an embodi 
ment of the invention; 

[0015] FIG. 7 is a partial cross-sectional vieW of a rep 
resentative cutting balloon catheter disposed in a curved 
vasculature; 
[0016] FIG. 8 is a partial perspective vieW of another 
representative cutting balloon catheter including a multi 
lobed balloon; and 

[0017] FIG. 9 is a partial perspective vieW of another 
representative cutting balloon catheter including a plurality 
of expandable balloons. 
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DETAILED DESCRIPTION 

[0018] For the following de?ned terms, these de?nitions 
shall be applied, unless a different de?nition is given in the 
claims or elseWhere in this speci?cation. 

[0019] All numeric values are herein assumed to be modi 
?ed by the term “about”, Whether or not explicitly indicated. 
Unless indicated otherwise, the term “about” generally 
refers to a range of numbers that one of skill in the art Would 
consider equivalent to the recited value (i.e., having the 
same function or result). In many instances, the term “about” 
may include numbers that are rounded to the nearest sig 
ni?cant ?gure. 

[0020] The recitation of numerical ranges by endpoints 
includes all numbers Within that range (e.g., 1 to 5 includes 
1, 1.5, 2, 2.75, 3, 3.80, 4, and 5). As used in this speci?cation 
and the appended claims, the singular forms “a”, “an”, and 
“the” include plural referents unless the content clearly 
dictates otherwise. As used in this speci?cation and the 
appended claims, the term “or” is generally employed in its 
sense including “and/or” unless the content clearly dictates 
otherWise. 

[0021] The folloWing detailed description should be read 
With reference to the draWings in Which similar elements in 
different draWings are numbered the same. The detailed 
description and the draWings, Which are not necessarily to 
scale, depict illustrative embodiments and are not intended 
to limit the scope of the invention. The illustrative embodi 
ments depicted are intended only as exemplary. Selected 
features of any illustrative embodiment may be incorporated 
into an additional embodiment unless clearly stated to the 
contrary. 

[0022] FIG. 1 is a partial cross-sectional side vieW of an 
exemplary catheter 10 disposed in a blood vessel 12 and 
positioned adjacent an intravascular lesion 14. Catheter 10 
may include a balloon 16 coupled to a catheter shaft 18. One 
or more cutting members or blades 20 may be coupled to 
balloon 16. In general, catheter 10 may be advanced over a 
guideWire 22, through the vasculature, to a target area. 
Balloon 16 can then be in?ated to expand lesion 14, and 
cutting members 20 may cut lesion 14. The target area may 
be Within any suitable peripheral, cardiac or other vessel 
lumen location. 

[0023] Cutting members 20 may vary in number, position, 
and arrangement about balloon 16. For example, catheter 10 
may include one, tWo, three, four, ?ve, six, or more cutting 
members 20 that are disposed at any position along balloon 
16 and in a regular, irregular, or any other suitable pattern. 
The pattern can include a generally helical orientation of the 
cutting members 20. Catheter 10 may include a plurality of 
cutting members 20 placed equidistantly about balloon 16 
extending generally longitudinally. In general, cutting mem 
bers 20 may be con?gured to provide variable ?exibility or 
otherWise vary the ?exibility of catheter 10. Increasing the 
?exibility of cutting members 20, balloon 16, and/or catheter 
10 may be desirable, for example, because it may improve 
the tracking ability and general deliverability of catheter 10 
through the often tortuous anatomy. Additionally, increasing 
the ?exibility may alloW catheter 10 to be navigable to a 
larger number of intravascular locations, including some 
that may not be readily reachable by other, less ?exible, 
cutting balloon catheters. In general, the enhanced ?exibility 
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may be the result of a structural feature of cutting members 
20, a structural modi?cation to cutting members 20, and/or 
a structural feature of the cutting balloon 16. For example, 
cutting members 20 may include a ?rst section 4411, a second 
section 44b, and a gap or break 46 disposed betWeen ?rst 
section 4411 and second section 44b. Break 46 may be 
con?gured to provide a region of ?exibility such as a space 
betWeen ?rst section 4411 and second section 44b. In some 
embodiments, break 46 may be de?ned by a doWnWard 
de?ection or slot that is formed in the cutting surface of 
cutting member 20. Alternatively, break 46 may not be a 
physical gap betWeen ?rst section 4411 and second section 
44b, but rather break 46 may be a region of cutting member 
20 having a reduced Wall thickness or may comprise a 
material having an increased ?exibility relative to the mate 
rial of ?rst and second sections 44a, 44b. Break 46 also may 
comprise an exogenous connector that is connected to both 
?rst section 44a and second section 44b in order to bridge 
sections 44a, 44b. Separation of sections 44a, 44b can 
increase the ?exibility of cutting member 20 and/or the 
overall ?exibility of catheter 10. 

[0024] Cutting members 20 may be made from any suit 
able material such as a metal, metal alloy, polymer, metal 
polymer composite, and the like, or any other suitable 
material. For example, cutting members 20 may be made 
from stainless steel such as 304V, 304L, or 316L stainless 
steel. In other embodiments, cutting member 20 can be made 
from a glass/KEVLAR® complex material such as ARA 
MAT®, Which is commercially available. Some examples of 
other suitable materials are listed beloW in relation to 
balloon 16 and shaft 18. 

[0025] Balloon 16 may be made from typical angioplasty 
balloon materials including polymers such as polyethylene 
terephthalate (PET), polyetherimide (PEI), polyethylene 
(PE), etc. Some other examples of suitable polymers, includ 
ing lubricious polymers, may include polytetra?uoroethyl 
ene (PTFE), ethylene tetra?uoroethylene (ETFE), ?uori 
nated ethylene propylene (FEP), polyoxymethylene (POM), 
polybutylene terephthalate (PBT), polyether block ester, 
polyurethane, polypropylene (PP), polyvinylchloride 
(PVC), polyether-ester (for example, a polyether-ester elas 
tomer such as ARNITEL® available from DSM Engineering 
Plastics), polyester (for example, a polyester elastomer such 
as HYTREL® available from DuPont), polyamide (for 
example, DURETHAN® available from Bayer or CRISTA 
MID® available from Elf Atochem), elastomeric polya 
mides, block polyamide/ethers, polyether block amide 
(PEBA, for example, available under the trade name 
PEBAX®), silicones, Marlex high-density polyethylene, 
Marlex loW-density polyethylene, linear loW density poly 
ethylene (for example, REXELL®), polyetheretherketone 
(PEEK), polyimide (PI), polyphenylene sul?de (PPS), 
polyphenylene oxide (PPO), poly(ethylene naphthalenedi 
carboxylate) (PEN), polysulfone, nylon, per?uoro(propyl 
vinyl ether) (PFA), other suitable materials, or mixtures, 
combinations, copolymers thereof, polymer/metal compos 
ites, and the like. In some embodiments, it may be desirable 
to use a relatively non-compliant balloon or a balloon 
including high modulus or generally stiffer materials so as to 
reduce balloon elongation. The above list of materials 
includes some examples of higher modulus materials. Some 
other examples of stiffer materials include polymers blended 
With liquid crystal polymer (LCP) as Well as the materials 
listed above. For example, the mixture can contain up to 



US 2006/0184191A1 

about 5% LCP. Balloon 16 may include ?ber, particulate 
material, or other reinforcing ?laments. For example, bal 
loon 16 may comprise a nanocomposite polymer material. 

[0026] Balloon 16 may be con?gured so that it includes 
one or more “Wings” or Wing-shaped regions When balloon 
16 is de?ated. These Wings may appear as a plurality of 
alternating inWard and outWard radial de?ections in balloon 
16 When balloon 16 is de?ated. These Wings may be 
desirable for a number of reasons. For example, by including 
balloon 16 With Wings, balloon 16 may have more predict 
able and consistent re-folding characteristics. Additionally, 
the Wings may be con?gured so that cutting members 20 can 
be positioned at the inWard-most positions of the de?ated 
balloon 16. This arrangement alloWs cutting members 20 to 
be positioned more closely to shaft 18 When balloon 16 is 
de?ated. Accordingly, cutting members 20 can be moved 
aWay from the vessel Walls Where they might otherWise 
result in contact and, possibly, damage to healthy tissue 
during movement of catheter 10 Within a body lumen. 
Additionally, alternating the Wings and cutting members 20 
as Well as positioning cutting members 20 relatively close to 
shaft 18 may alloW the Wings to fold over and cover cutting 
members 20 When balloon 16 is de?ated. Again, this feature 
may reduce the exposure of cutting members 20 to the blood 
vessel. 

[0027] Balloon 16 additionally may include one or more 
discrete points or areas of ?exibility such as generally 
circumferentially extending crease 70 formed in the Wall of 
balloon 16. A single crease 70 is shoWn in FIG. 1; hoWever, 
tWo, three, or more creases 70 may be present in balloon 16 
to provide a desired ?exibility to a distal region of catheter 
10. Crease 70 may provide increased ?exibility to the distal 
portion of catheter 10 including balloon 16 during delivery, 
deployment, and WithdraWal of a medical device Within a 
vasculature. Crease 70 may alloW balloon 16 having cutting 
members 20 to readily bend through a curved vascular 
pathWay and maintain conformity to a vessel lumen during 
in?ation of balloon 16 at a target location. Balloons not 
having such ?exibility may tend to straighten as they are 
in?ated in a curved vascular pathWay, thereby placing 
uneven pressure on the Wall of the vessel and/or causing 
unnecessary trauma to the vessel. 

[0028] Crease 70 may be a circumferential crease, a heli 
cal crease, or the like. For example, crease 70 may be 
disposed substantially orthogonal to cutting member 20 or at 
an angle thereto. For instance, crease 70 may be formed at 
a 45-, 60-, 75-, 80- or 90-degree angle relative to cutting 
member 20. Preferably, crease 70 corresponds With break 46 
in cutting member 20. For example, cutting member 20 may 
be positioned on balloon 16 such that break 46 of cutting 
member 20 is aligned With crease 70. As shoWn in FIG. 1, 
?rst section 44a may be positioned proximal of crease 70 
and second section 44b may be positioned distal of crease 
70, such that break 46 is substantially aligned With crease 70. 

[0029] Crease 70 may be formed in balloon 16 during a 
molding process, such as a bloW molding process, prior to 
placing cutting members 20 on balloon 16. Alternatively, 
crease 70 may be formed in balloon 16 during a balloon 
folding operation subsequent to placing cutting members 20 
on balloon 16. A balloon folding ?xture may include means 
for creasing balloon 16, such as notches, ridges, and the like. 
The balloon 16 may be positioned in a folding ?xture such 
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that break 46 of cutting member 20 is aligned With the means 
for creasing balloon 16. In this process, crease 70 may be 
fashioned in the balloon 16 during a ?nal folding operation. 
Alternatively or additionally, crease 70 may be formed by 
grinding, laser ablating, chemical etching, or ablation and 
subsequent back ?ll With a more compliant material, for 
example. 

[0030] Crease 70 may be located on the outer surface 40 
of balloon 16 or on the inner surface (not shoWn) of balloon 
16. Crease 70 may be a fold created in balloon 16. Alter 
natively, crease 70 may be de?ned as a portion of balloon 16 
having a reduced Wall thickness, a groove, a reduced diam 
eter portion, or recessed area de?ned in the Wall of balloon 
16, for example. Crease 70 may also be a portion of balloon 
16 comprising a material relatively resistant to expansion. 
Additionally, crease 70 may be formed by a band of rela 
tively non-expandable material disposed about a portion of 
balloon 16 or incorporated in a portion of balloon 16. The 
band of relatively non-expandable material may constrain a 
portion of balloon 16 from readily expanding to the extent 
of adjacent regions. 

[0031] It is also contemplated that balloon 16 may addi 
tionally and/or alternatively include at least one crease 70 
not aligned With a break 46 in cutting members 20. Such a 
crease 70 may provide enhanced ?exibility along at least a 
portion of balloon 16. Some further discussion of crease 70 
and other examples, features, and modi?cations are 
described in more detail beloW. 

[0032] Shaft 18 may be a catheter shaft, similar to typical 
catheter shafts. For example, shaft 18 may include an inner 
tubular member 24 and outer tubular member 26. Tubular 
members 24/26 may be manufactured from a number of 
different materials. For example, tubular members 24/26 
may be made of metals, metal alloys, polymers, metal 
polymer composites or any other suitable materials. Some 
examples of suitable metals and metal alloys include stain 
less steel, such as 300 series stainless steel (including 304V, 
304L, and 316L); 400 series martensitic stainless steel; tool 
steel; nickel-titanium alloy such as linear-elastic or super 
elastic Nitinol, nickel-chromium alloy, nickel-chromium 
iron alloy, cobalt alloy, tungsten or tungsten alloys, MP35-N 
(having a composition of about 35% Ni, 35% Co, 20% Cr, 
9.75% Mo, a maximum 1% Fe, a maximum 1% Ti, a 
maximum 0.25% C, a maximum 0.15% Mn, and a maxi 
mum 0.15% Si), hastelloy, monel 400, inconel 825, or the 
like; or other suitable material. Some examples of suitable 
polymers include those described above in relation to bal 
loon 16. For example, tubular members 24/26 may comprise 
a reinforced polymer material such as a nanocomposite 
polymer material. Of course, any other polymer or other 
suitable material including ceramics may be used Without 
departing from the spirit of the invention. The materials used 
to manufacture inner tubular member 24 may be the same as 
or be different from the materials used to manufacture outer 
tubular member 26. Those materials listed herein may also 
be used for manufacturing other components of catheter 10 
including cutting members 20. 

[0033] Tubular members 24/26 may be arranged in any 
appropriate Way. For example, in some embodiments, inner 
tubular member 24 can be disposed coaxially Within outer 
tubular member 26. According to these embodiments, inner 
and outer tubular members 24/26 may or may not be secured 
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to one another along the general longitudinal axis of shaft 
18. Alternatively, inner tubular member 24 may folloW the 
inner Wall or otherWise be disposed adjacent the inner Wall 
of outer tubular member 26. Again, inner and outer tubular 
members 24/26 may or may not be secured to one another. 
For example, inner and outer tubular members 24/ 26 may be 
bonded, Welded (including tack Welding or any other Weld 
ing technique), or otherWise secured at a bond point. In some 
embodiments, the bond point may be generally disposed 
near the distal end of shaft 18. HoWever, one or more bond 
points may be disposed at any position along shaft 18. The 
bond may desirably impact, for example, the stability and 
the ability of tubular members 24/26 to maintain their 
position relative to one another. In still other embodiments, 
inner and outer tubular member 24/26 may be adjacent to 
and substantially parallel to one another so that they are 
non-overlapping. In these embodiments, shaft 18 may 
include an outer sheath that is disposed over tubular mem 
bers 24/26. 

[0034] Inner tubular member 24 may include an inner 
lumen 28. In at least some embodiments, inner lumen 28 is 
a guideWire lumen. Accordingly, catheter 10 can be 
advanced over guideWire 22 to the desired location. The 
guideWire lumen may extend along essentially the entire 
length of catheter shaft 18 so that catheter 10 resembles a 
traditional “over-the-Wire” catheter. Alternatively, the 
guideWire lumen may extend along only a portion of shaft 18 
so that catheter 10 resembles a "single-operator-exchange” 
or “rapid-exchange” catheter. Regardless of Which type of 
catheter is contemplated, catheter 10 may be con?gured so 
that balloon 16 is disposed over at least a region of inner 
lumen 28. In at least some of these embodiments, inner 
lumen 28 (i.e., the portion of inner lumen 28 that balloon 16 
is disposed over) may be substantially coaxial With balloon 
16. 

[0035] Shaft 18 may also include an in?ation lumen 30 
that may be used, for example, to transport in?ation media 
to and from balloon 16. The location and position of in?ation 
lumen 30 may vary, depending on the con?guration of 
tubular members 24/26. For example, When outer tubular 
member 26 is disposed over inner tubular member 24, 
in?ation lumen 30 may be de?ned Within the space betWeen 
tubular members 24/26. Moreover, depending on the posi 
tion of inner tubular member 24 Within outer tubular mem 
ber 26, the shape of lumen 30 (i.e., the shape adjacent shaft 
18) may vary. For example, if inner tubular member 24 is 
attached to or disposed adjacent to the inside surface of outer 
tubular member 26, then in?ation lumen 30 may be gener 
ally half-moon in shape; Whereas, if inner tubular member 
24 is generally coaxial With outer tubular member 26, then 
in?ation lumen 30 may be generally ring-shaped or annular 
in shape. It can be appreciated that if outer tubular member 
26 is disposed alongside inner tubular member 24, then 
lumen 30 may be the lumen of outer tubular member 26 or 
it may be the space de?ned betWeen the outer surface of 
tubular members 24/26 and the outer sheath disposed there 
over. 

[0036] Balloon 16 may be coupled to catheter shaft 18 in 
any of a number of suitable Ways. For example, balloon 16 
may be adhesively or thermally bonded to shaft 18. Such 
bonding techniques may include laser Welding, heat shrink 
ing, adhesive, and tie layers, for example. In some embodi 
ments, a proximal Waist 32 of balloon 16 may be bonded to 
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shaft 18, for example, at outer tubular member 26, and a 
distal Waist 34 may be bonded to shaft 18, for example, at 
inner tubular member 24. The exact bonding positions, 
hoWever, may vary. It can be appreciated that a section of 
proximal Waist 32 may not have sections 36 extending 
therefrom in order for suitable bonding betWeen balloon 16 
and outer tubular member 30. 

[0037] In addition to some of the structures described 
above, shaft 18 may also include a number of other struc 
tural elements, including those typically associated With 
catheter shafts. For example, shaft 18 may include a radio 
paque marker coupled thereto that may aid a user in deter 
mining the location of catheter 10 Within the vasculature. In 
addition, catheter 10 may include a folding spring (not 
shoWn) coupled to balloon 16, for example, adjacent proxi 
mal Waist 32, Which may further help in balloon folding and 
refolding. A description of a suitable folding spring can be 
found in Us. Pat. No. 6,425,882, the disclosure of Which is 
incorporated herein by reference. 

[0038] An exploded vieW illustrating the attachment of 
cutting member 20 to balloon 16 is shoWn in FIG. 2. Here 
it can be seen that a joining member or polymeric strip 38 
may be coupled to cutting member 20 and to balloon 16. 
Joining member 38 may be formed from a generally ?exible 
or soft material that alloWs the interface betWeen cutting 
member 20 and balloon 16 to be someWhat elastic or pliable. 
For example, joining member 38 may be manufactured from 
a loW durometer polyurethane or any other suitable material 
(including any of the polymers and other materials disclosed 
herein). Accordingly, cutting member 20 may be securely 
coupled to balloon 16 While still being able to move laterally 
about eight degrees or less. In addition, different portions of 
cutting member 20 may be able to bend or ?ex, While other 
portions remain essentially unchanged. 

[0039] In at least some embodiments, joining member 38 
may be attached to and disposed betWeen cutting member 20 
and balloon 16. For example, joining member 38 may be 
attached to an outer surface 40 of balloon 16 and to a base 
50 of the cutting member 20. The attachment of joining 
member 38 With cutting member 20 and balloon 16 may be 
achieved in any appropriate manner, such as by adhesive 
bonding, casting, thermal bonding, mechanically connect 
ing, Welding, braZing, and the like, or in any other suitable 
Way. The attachment means need not be the same for the 
attachment betWeen cutting member 20 and joining member 
38 as the means used to attach balloon 16 and joining 
member 38. 

[0040] Balloon 16 may include a discrete region of ?ex 
ibility such as crease 70 formed in the outer surface 40 of 
balloon 16. Break 46 of cutting member 20 may be aligned 
With crease 70 such that the increased ?exibility of balloon 
16 provided by crease 70 may be combined With the 
increased ?exibility of cutting member 20 provided by break 
46. The enhanced ?exibility of balloon 16 may improve the 
deliverability of the catheter, as Well as the conformity of 
balloon 16 to a vessel lumen curvature during in?ation of 
balloon 16. 

[0041] FIG. 3 depicts a partial perspective vieW of another 
catheter 110 that is similar to catheter 10. Catheter 110 
includes cutting members 120 disposed about balloon 16 in 
a tandem arrangement. In other Words, tWo cutting members 
120 may be arranged end-to-end to de?ne an elongated 
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cutting surface. This embodiment may increase the ?exibil 
ity of cutting members 120 by dividing What might other 
Wise be a single cutting blade into multiple discrete sections. 
Thus, the cutting members 120 may individually have a 
shortened length, making balloon 16 more amenable to 
bending or ?exing. It can be appreciated that the precise 
arrangement of cutting members 120 is not intended to be 
limited to a tandem con?guration. For example, cutting 
members 120 may have an arrangement that is longitudi 
nally o?fset. Additionally, catheter 110 is not limited to pairs 
of cutting members 120, as any suitable number of cutting 
members 120 may be used Without departing from the spirit 
of the invention. 

[0042] It can also be seen in FIG. 3 that cutting members 
120 may be positioned on either side of crease 70 in balloon 
16. As illustrated in this embodiment, crease 70 may be a 
reduced diameter portion or material offset of balloon 16. 
Crease 70 provides increased ?exibility to the balloon 16. 
Placing cutting members 120 on either side of crease 70 
provides ?exibility to the balloon 16 While maintaining 
su?icient functionality of balloon 16 necessary to perform a 
medical procedure at a target location. Joining member 38 
may extend over crease 70, or joining member 38 may 
terminate proximate crease 70. Alternatively, joining mem 
ber 38 may be absent from catheter assembly 110. 

[0043] FIG. 4 depicts a perspective vieW of a catheter 210 
similar to catheter 10. Catheter 210 includes a balloon 216 
disposed about a distal region of catheter 210. Balloon 216 
includes a helical crease 270 disposed about the outer 
surface 240 of balloon 216. Cutting members 220 may be 
arranged about balloon 216 such that cutting members 220 
are coupled aWay from crease 270. In other Words, cutting 
members 220 are positioned such that they do not extend 
over helical crease 270. Alternately, cutting members 220 
may extend substantially the length of balloon 216, thereby 
traversing crease 270. Helical crease 270 may provide 
increased ?exibility of the balloon 216 during a medical 
procedure. 

[0044] FIG. 5 is a perspective vieW of a catheter 310 
similar to catheter 10. Balloon 316 may include a plurality 
of creases 370. As shoWn in FIG. 5, balloon 316 may 
include tWo creases 370 extending around the circumference 
of balloon 316. HoWever, it should be recognized that 
balloon 316 may include additional creases 370. A plurality 
of cutting members 320 may be coupled to the balloon 316. 
Preferably, cutting members 320 are coupled equidistantly 
about balloon 316. Cutting member 320 may extend sub 
stantially the length of balloon 316 or a portion thereof. As 
shoWn in FIG. 5, cutting member 320 may include a 
plurality of integral segments separated With a break 346 
therebetWeen. Each cutting member 320 is positioned such 
that break 346 is aligned With crease 370. In other Words, 
cutting member 320 may be positioned such that break 346 
is located at the same longitudinal position along balloon 
316 as crease 370. Aligning break 346 With crease 370 
provides balloon 316 With de?ned ?exibility regions along 
its length. 

[0045] FIG. 6 depicts a perspective vieW of catheter 410 
similar to catheter 10. Catheter 410 includes an expandable 
member 416 including at least one crease 470. Crease 470 
may be a portion of expandable member 416 having a 
reduced diameter relative to proximal balloon section 430 
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and distal balloon section 440. A plurality of cutting mem 
bers 420 may be coupled to balloon 416. Each cutting 
member 420 may extend along substantially the length of 
proximal section 430 or distal section 440, thereby leaving 
crease 470 free of cutting members 420. Therefore, a ?ex 
ibility region may be formed at crease 470 to impart greater 
?exibility in balloon 416. 

[0046] FIG. 7 shoWs a representative catheter disposed in 
a vessel having a curved pro?le. Catheter 410 is shoWn in 
FIG. 7; hoWever, catheter 410 may be replaced With other 
representative embodiments or any combination thereof 
disclosed herein. Catheter 410 may be advanced through the 
vasculature over guideWire 422 until expandable member 
416 reaches a target location such as stenosis 414. Stenosis 
414 may be located in a curved portion of vessel 412. As 
expandable member 416 is expanded, cutting members 420 
may contact stenosis 414. Crease 470 alloWs expandable 
member 416 to maintain a curved pro?le While being 
expanded. Therefore, cutting members 420 may contact 
stenosis 414 along a longer portion of the curved region, 
reducing trauma to the vessel 412 and/or minimiZing the 
need for additional procedures. Additionally, pressure Within 
expandable member 416 may be more evenly transmitted 
throughout expandable member 416 When expandable mem 
ber 416 conforms to the curvature of vessel 412 attributable 
at least in part to crease 470. Therefore, cutting members 
420 may contact stenosis 414 more uniformly and along a 
longer portion of their length. 

[0047] FIG. 8 shoWs a catheter 510 including a multi 
lobed balloon 516. Multi-lobed balloon 516 includes three 
segments or lobes 516a, 516b, 5160. HoWever, balloon 516 
may include tWo, three, four, ?ve, six or more lobes. 
Multi-lobed balloon 516 may be coupled to a distal portion 
of catheter 510. Lobes may be formed in balloon 516 in a 
variety of Ways. For example, a band 575 may be disposed 
about a portion of balloon 516 restraining a portion of 
balloon 516 from expanding, thereby alloWing a portion of 
balloon 516 to expand While constraining an adjacent por 
tion by band 575. Band 575 may be a discrete, relatively 
non-expandable member disposed about a portion of balloon 
516. Instead, balloon may be made of a material having 
alternating portions. For example band 575 may be a portion 
of balloon 516 including a relatively non-expandable mate 
rial While lobes 516a, 516b, 5160 may include a relatively 
expandable material. Alternatively or additionally, band 575 
may be a portion of balloon 516 of a greater thickness than 
adjacent lobes 516a, 516b, 5160. Portions of material of a 
greater thickness may not expand as readily as adjacent 
areas having a thinner thickness, thereby alloWing lobes 
516a, 516b, 5160 to expand While band 575 retains a 
reduced cross-sectioned pro?le. 

[0048] One or more cutting members 520 may be coupled 
to balloon 516. As shoWn in FIG. 8, the one or more cutting 
members 520 may extend substantially the length of balloon 
516. Alternatively, cutting members 520 may individually be 
coupled to one of lobes 516a, 516b, 5160, therefore not 
extending over a reduced cross-sectioned region 570. Cut 
ting members 520 may include one or more ?exibility 
regions or breaks 546 for increased ?exibility. Preferably, 
break 546 in cutting member 520 may be aligned With 
reduced cross-sectioned region 570 to impart enhanced 
?exibility to catheter 510. In other Words, cutting member 
520 may be positioned such that break 546 is located at the 
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same longitudinal position of balloon 516 as band 575. Such 
an arrangement may provide catheter 510 With su?icient 
?exibility to navigate a tortuous vasculature and retain a 
curved con?guration during in?ation of balloon 516 at a 
target location. 

[0049] FIG. 9 shows a catheter 610 having a distal portion 
630 including a plurality of balloons 616a, 6161). Although 
FIG. 9 shoWs a catheter 610 having tWo balloons 616a, 
616b, it is contemplated that catheter 610 may include tWo, 
three, four, ?ve, six or more balloons 616. Proximal balloon 
616a may be secured to catheter 610 at proximal Waist 611 
and intermediate Waist 615. Distal balloon 6161) may be 
secured to catheter 610 at distal Waist 613 and intermediate 
Waist 615. Intermediate Waist 615 may be a portion of 
proximal balloon 616a, distal balloon 616b, or intermediate 
Waist 615 may be a portion shared With proximal balloon 
616a and distal balloon 616b. Balloon 616a may be inte 
grally connected With balloon 61619 by intermediate Waist 
615. Intermediate Waist 615 may be secured to catheter 610 
in any of a number of suitable Ways. For example, interme 
diate Waist 615 may be adhesively or thermally bonded to 
catheter 610, or intermediate Waist 615 may be secured to 
catheter 610 by a discrete member such as a heat shrink tube, 
coupler, generally inelastic member, or the like. Such bond 
ing techniques may include laser Welding, heat shrinking, 
adhesive, and tie layers, for example. Alternatively, balloons 
616a, 6161) may comprise tWo discrete elements each having 
an intermediate Waist 615 secured to catheter 610. Balloons 
616a, 6161) may be independently expanded, expanded 
simultaneously, or expanded in series. 

[0050] Aplurality of cutting members 620 may be coupled 
to balloons 616a, 6161). Preferably, each balloon 616a, 6161) 
may include three cutting members 620 disposed equidis 
tantly about balloon 616a, 6161). HoWever, each balloon 
616a, 6161) may include one, tWo, three, four, ?ve, six or 
more cutting members 620. 

[0051] Intermediate Waist 615 may de?ne a reduced cross 
sectioned region 670 of distal portion 630 of catheter 610 
While balloons 616a, 6161) are expanded. Therefore, reduced 
cross-sectioned region 670 may provide a discrete point of 
?exibility in the distal region 630 of catheter 610. In an 
expanded state, the distal region 630 of catheter 610 may 
readily conform to the curvature of a vessel due to a discrete 
point of ?exibility 670 provided by intermediate Waist 615. 
The enhanced ?exibility of distal portion 630 may alloW 
expansion of balloons 616a, 6161) Within a vessel Without 
surrendering compliance to a curvature of a vessel. There 
fore, catheter 610 may be designed to su?iciently treat a 
stenosis located in a sharply curved portion of a vessel. 

[0052] Those skilled in the art Will recogniZe that the 
present invention may be manifested in a variety of forms 
other than the speci?c embodiments described and contem 
plated herein. It is contemplated that one may combine, 
substitute, or modify speci?c elements of the various 
embodiments described herein Without departing from the 
scope and spirit of the invention. Accordingly, departure in 
form and detail may be made Without departing from the 
scope and spirit of the present invention as described in the 
appended claims. 
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What is claimed is: 
1. A medical device comprising: 

an elongate shaft having a distal region; 

an expandable member coupled to the distal region of the 
elongate shaft; 

a plurality of cutting members coupled to the expandable 
member, Wherein each cutting member includes a plu 
rality of segments, Wherein each segment is separated 
by a break; and 

Wherein the expandable member includes discrete gener 
ally circumferential area of ?exibility. 

2. The medical device of claim 1, Wherein the discrete 
area of ?exibility is a circumferential crease. 

3. The medical device of claim 2, Wherein the circumfer 
ential crease is orthogonal to the plurality of cutting mem 
bers. 

4. The medical device of claim 1, Wherein the discrete 
area of ?exibility is a helical crease. 

5. The medical device of claim 1, Wherein the expandable 
member includes an outer surface, Wherein the discrete area 
of ?exibility is formed in the outer surface of the expandable 
member. 

6. The medical device of claim 1, Wherein the expandable 
member includes an inner surface, Wherein the discrete area 
of ?exibility is formed in the inner surface of the expandable 
member. 

7. The medical device of claim 1, Wherein the discrete 
area of ?exibility is de?ned by a reduced Wall thickness of 
the expandable member. 

8. The medical device of claim 1, Wherein the discrete 
area of ?exibility is de?ned by a reduced diameter portion. 

9. The medical device of claim 1, Wherein the discrete 
area of ?exibility includes a relatively non-expandable band 
of material. 

10. The medical device of claim 1, Wherein each cutting 
member includes a cutting edge, Wherein the break is 
de?ned as a gap in the cutting edge. 

11. A medical device comprising: 

an elongate shaft having a distal region; 

an expandable member coupled to the distal region of the 
elongate shaft; 

one or more cutting members coupled to the expandable 
member; and 

Wherein the expandable member includes at least one 
generally circumferential crease. 

12. The medical device of claim 11, Wherein each cutting 
member includes a ?rst segment, a second segment and a 
break located betWeen the ?rst and second segments. 

13. The medical device of claim 12, Wherein each cir 
cumferential crease is aligned With the break of the one or 
more cutting members. 

14. The medical device of claim 11, Wherein each cutting 
member includes a relatively more ?exible region, Wherein 
the one or more circumferential creases are aligned With the 
relatively more ?exible region of each cutting member. 

15. The medical device of claim 11, Wherein each cutting 
member includes a reduced thickness area, Wherein the one 
or more circumferential creases are aligned With the reduced 
thickness area. 
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16. The medical device of claim 11, wherein the expand 
able member includes a relatively non-compliant material. 

17. The medical device of claim 11, Wherein the one or 
more creases are a recessed area of the expandable member. 

18. The medical device of claim 11, Wherein the one or 
more creases are a reduced diameter portion of the expand 
able member. 

19. The medical device of claim 11, Wherein the one or 
more cutting members traverse the one or more circumfer 
ential creases. 

20. The medical device of claim 11, Wherein the one or 
more circumferential creases are free of the one or more 

cutting members. 
21. The medical device of claim 11, Wherein the one or 

more circumferential creases are orthogonal to the one or 

more cutting members. 
22. An atherotomy device comprising: 

an elongate shaft having a distal region; 

an expandable member coupled to the distal region of the 
elongate shaft; 

a plurality of atherotomes disposed about the expandable 
member, each atherotome including a cutting edge and 
at least one break in the cutting edge; and 
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Wherein the expandable member includes a generally 
circumferential crease at the at least one break. 

23. The atherotomy device of claim 22, Wherein the 
plurality of atherotomes are disposed equidistantly about the 
expandable member. 

24. The atherotomy device of claim 22, Wherein each 
atherotome includes a plurality of segments, Wherein the 
plurality of segments is separated by the break. 

25. The atherotomy device of claim 22, Wherein the 
circumferential crease is de?ned by a reduced Wall thickness 
of the expandable member. 

26. The atherotomy device of claim 22, Wherein the 
circumferential crease is a groove formed in an outer Wall of 

the expandable member. 
27. The atherotomy device of claim 22, Wherein the 

circumferential crease is a reduced diameter portion of the 
expandable member. 

28. The atherotomy device of claim 22, Wherein the 
circumferential crease is orthogonal to the plurality of 
atherotomes. 


