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(57) ABSTRACT 

A balloon catheter is provided that may be used to dilate 
hardened regions of a stenosis on a vessel Wall. The balloon 
catheter is provided With cutting elements that extend along a 
surface of a balloon. At least one bioactive is present, either on 
the cutting element, Within the interior of the balloon, Within 
the material of the balloon or on an outside surface of the 
balloon. The bioactive is delivered to the vessel Wall upon 
dilation of the balloon. 
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DEVICE FOR TREATING HARDENED 
LESIONS AND METHOD OF USE THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to medical 
devices including a bioactive and more particularly to balloon 
catheters used to dilate narroWed portions of a vessel having 
a hardened lesion. 

BACKGROUND 

[0002] Balloon catheters are Widely used in the medical 
profession for various intraluminal procedures. One common 
procedure involving the use of a balloon catheter relates to 
angioplasty dilation of coronary or other arteries suffering 
from stenosis (i.e., a narroWing of the arterial lumen that 
restricts blood ?oW). 
[0003] Although balloon catheters are used in many other 
procedures as Well, coronary angioplasty using a balloon 
catheter has draWn particular attention from the medical com 
munity because of the groWing number of people suffering 
from heart problems associated With stenosis. This has lead to 
an increased demand for medical procedures to treat such 
problems. Angioplasty procedures have become a popular 
alternative for treating coronary stenosis because angioplasty 
procedures are considerably less invasive than other alterna 
tives. For example, stenosis of the coronary arteries has tra 
ditionally been treated With bypass surgery. In general, 
bypass surgery involves splitting the chest bone to open the 
chest cavity and grafting a replacement vessel onto the heart 
to bypass the blocked, or stenosed, artery. HoWever, coronary 
bypass surgery is a very invasive procedure that is risky and 
requires a long recovery time for the patient. 
[0004] To address the increased need for coronary artery 
treatments, the medical community has turned to angioplasty 
procedures, in combination With stenting procedures, to 
avoid the problems associated With traditional bypass sur 
gery. Typically, angioplasty procedures are performed using a 
balloon-tipped catheter that may or may not have a stent 
mounted on the balloon (also referred to as a stented catheter). 
The physician performs the angioplasty procedure by intro 
ducing the balloon catheter into a peripheral artery (com 
monly one of the leg arteries) and threading the catheter to the 
narroWed part of the coronary artery to be treated. During this 
stage, the balloon is de?ated and collapsed onto the shaft of 
the catheter in order to present a loW pro?le Which may be 
passed through the arterial lumens. 
[0005] Once the balloon is positioned at the narroWed part 
of the artery, the balloon is expanded by pumping a mixture of 
saline and contrast solution through the catheter to the bal 
loon. As a result, the balloon presses against the inner Wall of 
the artery to dilate it. If a stent is mounted on the balloon, the 
balloon in?ation also serves to expand the stent and implant it 
Within the artery. After the artery is dilated, the balloon is 
de?ated so that it once again collapses onto the shaft of the 
catheter. The balloon-tipped catheter is then retracted from 
the arteries. If a stent is mounted on the balloon of the cath 
eter, the stent is left permanently implanted in its expanded 
state at the desired location in the artery to provide a support 
structure that prevents the artery from collapsing back to its 
pre-dilated condition. On the other hand, if the balloon cath 
eter is not adapted for delivery of a stent, either a balloon 
expandable stent or a self-expandable stent may be implanted 
in the dilated region in a folloW-up procedure. 

Dec. 4, 2008 

[0006] Although the treatment of stenosed coronary arter 
ies is one common example Where balloon catheters have 
been used, many other uses are also possible. For example, 
balloon catheters can have application in the treatment of 
blockages of the peripheral blood vessels, esophagus, tra 
chea, colon, biliary tract, urinary tract and at other locations in 
the body. Other applications include the treatment of carotid 
artery stenosis, the narroWing of the carotid arteries, Which 
are the main arteries in the neck that supply blood to the brain. 
Carotid artery stenosis (also called carotid artery disease) is a 
relatively high risk factor for ischemic stroke. The narroWing 
is usually caused by plaque build-up in the carotid artery. 
Plaque forms When cholesterol, fat and other substances form 
in the inner lining of an artery. This formation is called ath 
erosclerosis. 
[0007] One problem that may be encountered With conven 
tional angioplasty techniques is the proper dilation of 
stenosed regions that are hardened and/or have become cal 
ci?ed. Stenosed regions may become hardened for a variety 
of reasons, such as the buildup of atherosclerotic plaque or 
other substances. Hardened regions of stenosis can be di?i 
cult to completely dilate using conventional balloons because 
hardened regions tend to resist the expansion pressures 
applied by conventional balloon catheters. 
[0008] Angioplasty cutting devices offer a method of treat 
ing hardened regions. Such devices include an angioplasty 
balloon having one of more cutting surfaces present on the 
balloon surface. Upon expansion of the balloon, the cutting 
surfaces are con?gured to contact the hardened vessel Wall 
and to break the plague, alloWing further expansion of the 
vessel. One such cutting device is disclosed in US. publica 
tion number 2006/0173487Al, published Aug. 3, 2006. 
[0009] While angioplasty presently enjoys Wide use, it suf 
fers from tWo major problems. First, the blood vessel may 
suffer acute occlusion immediately after or Within the initial 
hours after the dilation procedure. Such occlusion is referred 
to as “abrupt closure.” Abrupt closure occurs in perhaps ?ve 
percent or so of the cases in Which angioplasty is employed, 
and can result in myocardial infarction and death if blood ?oW 
is not restored promptly. The primary mechanisms of abrupt 
closures are believed to be elastic recoil, arterial dissection 
and/or thrombosis. It has been postulated that the delivery of 
an appropriate agent (such as an antithrombotic) directly into 
the arterial Wall at the time of angioplasty could reduce the 
incidence of thrombotic acute closure, but the results of 
attempts to do so have been mixed. 

[0010] A second major problem encountered in angio 
plasty is the re-narroWing of an artery after an initially suc 
cessful angioplasty. This re-narroWing is referred to as “res 
tenosis” and typically occurs Within the ?rst six months after 
angioplasty. Restenosis is believed to arise through the pro 
liferation and migration of cellular components from the arte 
rial Wall, as Well as through geometric changes in the arterial 
Wall referred to as “remodeling.” 
[0011] The delivery of appropriate bioactives directly into 
the arterial Wall offers a route to interrupt the cellular and/or 
remodeling events leading to restenosis. Drug coated stent 
devices have been employed for this purpose. For example, 
stents coated With sirolimus, paclitaxel or similar drugs have 
been employed for this purpose. 
[0012] It Would be also be desirable to develop non-stenting 
devices and methods for reliably delivering suitable bioac 
tives directly into a body portion during or folloWing balloon 
angioplasty, so as to treat or prevent such conditions and 
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diseases, for example, to prevent abrupt closure and/or rest 
enosis of a body portion such as a passage, lumen or blood 
vessel. As a particular example, it Would be desirable to have 
devices and methods Which can deliver an antithrombic or 
other medication to the region of a blood vessel Which has 
been treated by angioplasty. 

SUMMARY 

[0013] A balloon catheter is provided that may be used to 
dilate a vessel Wall having hardened regions and to deliver a 
bioactive to the vessel Wall. The balloon catheter includes an 
expandable balloon and a cutting device having at least one 
cutting element extending along a surface of the balloon. At 
least one bioactive is present, either on the cutting element, 
Within the interior of the balloon, Within the material of the 
balloon or on an outside surface of the balloon. The bioactive 
is delivered to the vessel Wall upon dilation of the balloon. 
[0014] One embodiment of the present invention provides a 
balloon catheter including a shaft having a distal end and a 
proximal end and an expandable balloon mounted at the distal 
end of the shaft. The shaft has an in?ation lumen extending 
therethrough and in ?uid communication With an interior 
region of the balloon. At least a length of an outer surface of 
the balloon has a Working surface adapted to dilate a vessel 
Wall. The balloon catheter also includes a cutting device 
having at least one cutting element that contacts the outer 
surface of the balloon When the balloon is in an expanded 
state. A composition including a bioactive is present on at 
least a portion of the cutting element. 
[0015] In one embodiment the cutting device also includes 
a proximal coil and a distal coil. A middle portion of the 
cutting element extends along the outer surface of the balloon 
at the Working surface. The proximal end of the cutting ele 
ment is a?ixed to the proximal coil, Which proximally extends 
from the Working surface to the shaft. The distal end of the 
cutting element is a?ixed to the distal coil, Which distally 
extends from the Working surface of the balloon to the shaft. 
The proximal and the distal coils are a?ixed to the shaft. 

[0016] In another embodiment, the cutting device includes 
a plurality of cutting elements. 
[0017] In yet another embodiment, the bioactive is releasi 
bly attached to the cutting element. 
[0018] In another embodiment, the composition also 
includes a bioabsorbable material. 

[0019] In yet another embodiment, the bioactive is selected 
from paclitaxel, rapamycin, a rapamycin derivative, an anti 
sense oligonucleotide, or a mTOR inhibitor. 

[0020] In another embodiment, the cutting element 
includes stainless steel, nickel, silver, platinum, palladium, 
gold, titanium, tantalum, iridium, tungsten, a super-elastic 
nickel titanium alloy, or inconel. 
[0021] Another embodiment of the present invention pro 
vides a balloon catheter including a shaft having a distal end 
and a proximal end and an expandable balloon mounted at the 
distal end of the shaft. The shaft has an in?ation lumen 
extending therethrough and in ?uid communication With an 
interior region of the balloon. At least a length of an outer 
surface of the balloon includes a Working surface adapted to 
dilate a vessel Wall. The balloon catheter also includes a 
cutting device having at least one cutting element attached to 
the outside surface of the balloon and having at least one 
channel providing a ?uid path betWeen the interior of the 
balloon and an exterior surface of the balloon. In another 
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embodiment, an in?ation ?uid is contained the balloon and a 
composition including a bioactive is present Within the in?a 
tion ?uid. 

[0022] Another embodiment of the present invention pro 
vides a balloon catheter including a shaft having a distal end 
and a proximal end and an expandable balloon mounted at the 
distal end of the shaft. The shaft has an in?ation lumen 
extending therethrough and in ?uid communication With an 
interior region of the balloon. At least a length of an outer 
surface of the balloon includes a Working surface adapted to 
dilate a vessel Wall. The balloon includes at least one pore 
providing ?uid communication betWeen the interior region of 
the balloon and the outer surface of the balloon. The balloon 
catheter also includes a cutting device having at least one 
cutting element contacting the outer surface of the balloon 
When the balloon is in an expanded state. A composition 
including a bioactive is present on at least a portion of the 
cutting element. 
[0023] Another aspect of the present invention provides 
method of delivering a bioactive to a vessel Wall. The method 
includes positioning an expandable balloon portion of a bal 
loon catheter at a site Within a vessel. The balloon catheter 
includes a shaft having a distal end and a proximal end and an 
expandable balloon mounted at the distal end of the shaft. The 
shaft has an in?ation lumen extending therethrough and in 
?uid communication With an interior region of the balloon. At 
least a length of an outer surface of the balloon has a Working 
surface adapted to dilate a vessel Wall. The balloon catheter 
also includes a cutting device having at least one cutting 
element that contacts the outer surface of the balloon When 
the balloon is in an expanded state. A composition including 
a bioactive is present on at least a portion of the cutting 
element. 

[0024] The method also includes expanding the balloon to 
cause the cutting element to contact the vessel Wall and to 
dilate the vessel Wall, and maintaining contact With the vessel 
Wall for a time suf?cient to deliver a therapeutically effective 
amount of bioactive to the vessel Wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The invention may be more fully understood by 
reading the folloWing description in conjunction With the 
draWings, in Which: 
[0026] FIG. 1 is a side elevational vieW of a balloon catheter 
With cutting elements extending along the balloon; 
[0027] FIG. 2 shoWs a transverse cross-sectional vieW of 
the balloon catheter of FIG. 1 cut through balloon 101; 

[0028] FIG. 3 is an expanded partial transverse cross-sec 
tional vieW of balloon 101; 
[0029] FIG. 4 is an expanded partial transverse cross-sec 
tional vieW of an alternative embodiment of a balloon cath 

eter; 
[0030] FIG. 5 is an expanded partial transverse cross-sec 
tional vieW of an embodiment of a balloon catheter having 
pores; 

[0031] FIG. 6 is an expanded partial transverse cross-sec 
tional vieW of an embodiment of a double balloon catheter 
Where the outer balloon includes pores; and 

[0032] FIG. 7 is an expanded partial transverse cross-sec 
tional vieW of an embodiment of a balloon catheter including 
a cutting element having a channel. 
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DEFINITIONS 

[0033] Unless otherwise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention pertains. In case of con?ict, the present document, 
including de?nitions, Will control. Preferred methods and 
materials are described beloW, although methods and materi 
als similar or equivalent to those described herein can be used 
in the practice or testing of the present invention. The mate 
rials, methods, and examples disclosed herein are illustrative 
only and not intended to be limiting. 
[0034] As used herein the terms “comprise(s), 1nclude 
(s),” “having,” “has,” “can,” “contain(s),” and variants 
thereof, are intended to be open-ended transitional phrases, 
terms, or Words that do not preclude the possibility of addi 
tional acts or structures. The present invention also contem 
plates other embodiments “comprising,” “consisting of” and 
“consisting essentially of,” the embodiments or elements pre 
sented herein, Whether explicitly set forth or not. 
[0035] The term “biocompatible” material refers to a mate 
rial that is compatible With living tissue or a living system by 
not being toxic or injurious and not causing immunological 
rejection. 
[0036] The term “biodegradable” material refers to a mate 
rial that dissipates upon implantation Within a body, indepen 
dent of the mechanisms by Which dissipation can occur, such 
as dissolution, degradation, absorption and excretion. The 
actual choice of Which type of materials to use may readily be 
made by one of ordinary skill in the art. Such materials are 
often referred to by different terms in the art, such as “biore 
sorbable,” “bioabsorbable,” or “biodegradable,” depending 
upon the mechanism by Which the material dissipates. The 
pre?x “bio” indicates that the erosion occurs under physi 
ological conditions, as opposed to other erosion processes, 
caused for example, by high temperature, strong acids or 
bases, UV light or Weather conditions. 
[0037] The term “controlled release” refers to the release of 
an agent at a predetermined rate. A controlled release may be 
constant or vary With time. A controlled release may be char 
acteriZed by a drug elution pro?le, Which shoWs the measured 
rate that the agent is removed from a device in a given solvent 
environment as a function of time. For example, a controlled 
release elution pro?le from a medical device may include an 
initial burst release associated With the deployment of the 
valve prosthesis, folloWed by a more gradual subsequent 
release. A controlled release may be a gradient release in 
Which the concentration of the agent released varies over time 
or a steady state release in Which the agent is released in equal 
amounts over a certain period of time (With or Without an 
initial burst release). 
[0038] As used herein, a “barrier layer” is any layer that is 
placed over at least a portion of a bioactive present in or on a 
portion of a device of the present invention. In general, the 
bioactive Will not be present in the barrier layer. Any mixing 
of a bioactive With the barrier layer is unintentional and 
merely incidental. The barrier layer may or may not be the 
outer-most layer present on the device. For example, a bioac 
tive may be coated onto a surface of the device, a ?rst barrier 
layer placed over the bioactive and further barrier layers and 
layers contain the same or a different bioactive placed on the 
?rst barrier layer. The barrier layer may control the release of 
the bioactive from the device upon implantation. 
[0039] As used herein, a “carrier material” refers to a mate 
rial that forrns a mixture With bioactive on or in a device of the 
present invention. The carrier material may control the 
release of the bioactive from the device. 
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[0040] As used herein, the term “bioactive” refers to any 
pharmaceutically active agent that produces an intended 
therapeutic effect on the body to treat or prevent conditions or 
diseases. 
[0041] The term “treatment” or “treating” as used herein 
describes the management and care of a human or veterinary 
patient for the purpose of combating or preventing a disease, 
condition, or disorder and includes the administration of a 
bioactive to alleviate the symptoms or complications, or 
eliminate the disease, condition, or disorder. 
[0042] A “therapeutically-effective amount” as used herein 
is the minimal amount of a bioactive Which is necessary to 
impart therapeutic bene?t to a human or veterinary patient. 
For example, a “therapeutically effective amount” to a human 
or veterinary patient is such an amount Which induces, ame 
liorates or otherWise causes an improvement in the pathologi 
cal symptoms, disease progression or physiological condi 
tions associated With or resistance to succumbing to a 
disorder, for example restenosis. 

DETAILED DESCRIPTION 

[0043] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made to 
the embodiments illustrated in the draWings and speci?c lan 
guage Will be used to describe the same. It Will nevertheless 
be understood that no limitation of the scope of the invention 
is thereby intended, and alterations and modi?cations in the 
illustrated device, and further applications of the principles of 
the invention as illustrated therein are herein contemplated as 
Would normally occur to one skilled in the art to Which the 
invention relates. 
[0044] The present invention generally provides a balloon 
catheter including an expandable balloon and a cutting 
device, at least one of Which incorporates at least one bioac 
tive. The balloon catheter can be used to dilate hardened 
regions of a stenosis in a body vessel. In one embodiment, the 
bioactive is present on at least a portion of the cutting device. 
In such an embodiment, the bioactive is delivered to the 
surface of the vessel as a result of the contacting of the cutting 
device With the vessel surface. 
[0045] In other embodiments, the bioactive is present on an 
outside surface of the balloon or is contained Within the 
balloon. In certain embodiments Where the bioactive is con 
tained Within the balloon at least a portion of the surface of the 
balloon is at least semi-permeable to the bioactive so that the 
bioactive can be delivered through the balloon to the vessel 
Wall. Alternatively, a portion of the cutting device can contain 
channels providing a delivery path betWeen the interior of the 
balloon and the external surface of the device. 

The Cutting Device 

[0046] The cutting device provides at least one cutting ele 
ment and a mechanism for positioning the cutting element on 
the surface of an expandable balloon. The cutting element is 
position so that, upon at least partial expansion of the balloon 
Within a vessel, this element contacts any stenotic lesion 
present to lacerate this lesion to assist in breaking up any 
plaque and alloW for expansion of the vessel. In one embodi 
ment, the cutting device takes the form of one or more blades 
attached to a portion of the outside surface of the balloon. The 
blades may be attached to the balloon by a variety of means. 
For example, the blades may be attached by adhesive or by 
mechanical attachment, for example, by clips or fasteners. 
Alternatively, one or more blades can be partially imbedded 
into the material of the balloon. 
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[0047] In other embodiments, the cutting device is not ?xed 
to the balloon but is instead free to move relative to the surface 
of the balloon. In such embodiments, portions of the cutting 
device can move relative to the balloon surface during the 
expansion and contraction of the balloon. The absence of a 
rigid region attaching the cutting device to the balloon surface 
can result in a balloon that is more ?exible and hence improve 
the ability of the balloon to expand and collapse. In certain 
such embodiments, the cutting device includes one or more 
Wires spaced over an external surface of the balloon and 
constrained at the proximal and distal ends of the balloon. 
[0048] FIG. 1 illustrates one embodiment of a balloon cath 
eter of the present invention. The catheter includes a catheter 
shaft 18 extending from a proximal end 1 02 to a distal end 1 04 
and an in?ation lumen 106 extending from near the proximal 
end to near the distal end. A balloon 101 is mounted at the 
distal end 104 of the shaft and in?ation lumen 106 is in ?uid 
communication With the interior of the balloon. Four cutting 
elements, of Which cutting elements 108 and 110 are shoWn, 
overlay the outside surface of the balloon and extend from 
near the distal end of the balloon to near the proximal end of 
the balloon. Catheter shaft 18 can also include one or more 
additional lumen, such as lumen 140. 
[0049] The outer surface of the balloon 101 has a Working 
surface that extends along portion Wd of the length of the 
balloon 101. The Working surface is that portion of the bal 
loon surface that contacts the vessel Wall upon in?ation of the 
balloon. The length Wd of the Working surface is the distance 
betWeen the balloon proximal end, Where a tapered proximal 
portion of the balloon meets the region that contacts the vessel 
Wall, and the balloon distal end, Where the tapered distal 
portion of the balloon meets the region that contacts the vessel 
Wall. The Working surface of the balloon 101 may be con 
nected to shaft 18 With the tapered proximal portion and the 
tapered distal portion of the balloon 101. Typically, the Work 
ing surface of the balloon 101 is a portion that in?ates to a 
generally uniform circumference in order to evenly dilate a 
section of a lumen. HoWever, the Working surface does not 
necessarily need to have a uniform circumference. 

[0050] The structure of the cutting elements Will noW be 
illustrated With reference to cutting element 108. Cutting 
element 108 includes central portion 112 overlaying the 
Working surface of balloon 101, distal end portion 118 and 
proximal end portion 114. Central portion 112 is attached to 
distal endportion 118 at joint 120 and to proximal end portion 
114 atjoint 122. Joints 118 and 120 may be any kind ofjoint 
knoWn in the art, for example an adhesive or solder joint. The 
present invention also includes embodiments Where the cen 
tral and end portions of the cutting element are continuous 
and no joints are required. 
[0051] The distal end of distal end portion is attached to 
collar 124, Which surrounds the distal end of shaft 18. The 
proximal end of proximal end portion 1 14 is attached to collar 
126, Which surrounds shaft 18 at the proximal end of balloon 
101. Of course, the present invention also completes that 
additional cutting elements can overlay balloon 101 in a 
manner similar to cutting elements 108 and 110. In various 
embodiments, three, four, ?ve, six or more cutting elements 
may be present. 
[0052] The present invention also includes embodiments 
Where portions of the one or more cutting elements are not 

parallel to the axis of shaft 18 (non-axial elements). For 
example, one or more cutting elements may overlay balloon 
101 in a helical, a serpentine or other form. In one embodi 
ment, the cutting element circumvents the Working surface 
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one of more times in a helical form. In various embodiments, 
the cutting elements circumvent the Working surface one, 
tWo, three, four, ?ve, or more times. 
[0053] The present invention also includes embodiments 
Where the cutting elements include a mechanism to alloW a 
lengthening or realignment of the cutting element upon 
expansion of balloon 101. In one embodiment, at least one of 
collars 124 and 126 is free to rotate and/ or to move along the 
axis of shaft 18 to accommodate for the expansion of balloon 
101 and for any foreshortening of balloon 101 as the balloon 
expands. In another embodiment, the cutting elements are 
portioned in a helical form circumventing balloon 101 and 
partially uncoil to accommodate expansion of the balloon. In 
yet other embodiments, at least a portion of the cutting device 
includes a secondary structure, such as a coil, Which alloWs 
for linear expansion of that portion. For example, at least one 
of distal end portion 118 and proximal end portion 114 may 
include a coiled portion to accommodate expansion of bal 
loon 101. In yet other embodiments, the cutting device is at 
least partially formed of an expandable material. 
[0054] FIG. 2 illustrates a cross-sectional vieW across axis 
A-A' of the device shoWn in FIG. 1. Shaft 18 contains in?ation 
lumen 106 in communication With balloon 101. Four cutting 
elements 108, 110, 130 and 132 overlay the surface of balloon 
101. The cutting elements as illustrated have a substantially 
circular cross section. In such embodiments, upon in?ation of 
the balloon, the cutting elements focus the radially directed 
force from the balloon to speci?c portions of the vessel Wall 
and, hence, disrupt hardened plaque or other stenotic mate 
rial. 
[0055] The present invention also includes embodiments 
Where the cutting elements, particularly the portion of the 
cutting element overlaying the Working surface, include a 
sharpened edge or barbs positioned to contact the vessel Wall 
upon in?ation of the balloon. For example, the cutting ele 
ments may have a triangular of square cross section. Further 
examples of angioplasty balloon devices having cutting 
devices are disclosed in co-pending patent application attor 
ney reference number 8627/ l 039, entitled “Balloon Catheter 
With Dilating Elements”, ?led Feb. 13, 2007, the contents of 
Which are incorporated by reference. 
[0056] The present invention also includes embodiments in 
Which at least portions of the cutting device are covered by a 
layer of material, for example, a thin sheath including a poly 
mer or other material. Such a covering shields covered por 
tions of the cutting device from tissue and reduces the possi 
bility of inadvertent damage to healthy tissue. Of course, the 
sheath must be su?iciently thin so as to alloW the cutting 
element to focus radially directed force to speci?c portions of 
the vessel Wall to disrupt hardened plaque or other stenotic 
material. 

Materials Used for the Cutting Device and Balloon 

[0057] The materials used to form the cutting device may 
be selected from a Well-known list of suitable metals and 
polymeric materials. In certain embodiments, portions of the 
cutting device, for example, the central portion and the end 
portions can be formed from different materials. Suitable 
metals or metal alloys include stainless steels (e. g., 316, 316L 
or 304), nickel-titanium alloys including shape memory or 
superelastic types (e.g., nitinol or elastinite); inconel; noble 
metals including copper, silver, gold, platinum, palladium 
and iridium; refractory metals including Molybdenum, Tung 
sten, Tantalum, Titanium, Rhenium, or Niobium; stainless 
steels alloyed With noble and/or refractory metals; magne 
sium; amorphous metals; plastically deformable metals (e. g., 
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tantalum); nickel-based alloys (e.g., including platinum, gold 
and/or tantalum alloys); iron-based alloys (e.g., including 
platinum, gold and/or tantalum alloys); cobalt-based alloys 
(e.g., including platinum, gold and/or tantalum alloys); 
cobalt-chrome alloys (e.g., elgiloy); cobalt-chromium-nickel 
alloys (e.g., phynox); alloys of cobalt, nickel, chromium and 
molybdenum (e.g., MP35N or MP20N); cobalt-chromium 
vanadium alloys; cobalt-chromium-tungsten alloys; plati 
num-iridium alloys; platinum-tungsten alloys; magnesium 
alloys; titanium alloys (e. g., TiC, TiN); tantalum alloys (e.g., 
TaC, TaN); L605; magnetic ferrite; bioabsorbable materials, 
including magnesium; or other biocompatible metals and/or 
alloys thereof. One particularly preferred material is a self 
expanding material such as the superelastic nickel-titanium 
alloy sold under the tradename NITINOL. 
[0058] Other suitable materials used in the cutting device 
include carbon or carbon ?ber, cellulose acetate, cellulose 
nitrate, silicone, polyethylene teraphthalate, polyurethane, 
polyamide, polyester, polyorthoester, polyanhydride, poly 
ether sulfone, polyanhydride, polycarbonate, polypropylene, 
high molecular Weight polyethylene, polylactic acid, polyg 
lycolic acid, polytetra?uoroethylene, polycaprolactone, 
polyhydroxybutyrate valerate, a biodegradable polymer, or 
another biocompatible polymeric material, or mixtures or 
copolymers of these. 
[0059] In one embodiment, the balloon portion of the bal 
loon catheter is manufactured from a silicone. Other biocom 
patible materials can also be used. Such materials include, but 
are not limited to, biocompatible polymers such as polyeth 
yleneterepthalate (PET), polyvinyl chloride, polypropylene, 
polyethylene, polyurethanes, nylons, polyesters, latex, natu 
ral rubber, synthetic rubber, elastomers and mixtures or 
copolymers of these materials. 
[0060] In one embodiment, the balloon includes multiple 
layers of material. For example, the balloon can contain an 
inner most layer of PET, Which provides a higher pressure 
balloon, surrounded by an outer layer of nylon, Which pro 
vides a surface more resistant to puncture. 

Delivery of the Bioactive 

[0061] In certain embodiments, the bioactive is present on 
the surface of the cutting device or balloon, or is incorporated 
Within the material of the cutting device or balloon. 
Delivery of Bioactive from the Surface of or the Material of 
the Cutting Device or the Balloon 
[0062] In certain embodiments, one or more bioactives are 
present on the cutting device. In one embodiment, a bioactive 
is coated directly on the surface of one or more cutting ele 
ments (or on a primer layer, Which is placed directly on the 
surface of the cutting element). In another embodiment, the 
bioactive is mixed With a carrier material and this mixture 
applied to the cutting element. In such a con?guration, the 
release of the bioactive may be dependent on factors includ 
ing the composition, structure and thickness of the carrier 
material. In one embodiment, the carrier material may con 
tain pre-existing channels, through Which the bioactive may 
diffuse, or channels created by the release of the bioactive, or 
another soluble substance, from the carrier material. 
[0063] In certain embodiments, the carrier material and/or 
the barrier layer can include a bioelastomer, PLGA, PLA, 
PEG, Zein, or a hydrogel. In certain other embodiments, the 
carrier material and/or the barrier layer includes microcrys 
talline cellulose, hydroxypropylmethyl cellulose, hydrox 
ypropyl cellulose, a cellulose product, a cellulose derivative, 
a polysaccharide or a polysaccharide derivative. In other 
embodiments the carrier material and/ or the barrier layer 
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includes lactose, dextrose, mannitol, a derivative of lactose, 
dextrose, mannitol, starch or a starch derivative. In other 
embodiments, the carrier material and/or the barrier layer 
includes a biostable or a biodegradable material, for example, 
a biostable or a biodegradable polymer. Examples of such 
biostable and biodegradable polymers are disclosed in US. 
Publication Number 2004-0243225Al, published Dec. 2, 
2004, the contents of Which are incorporated by reference. 

[0064] In certain embodiments, one or more barrier layers 
may be deposited over the layer containing the bioactive. In 
other embodiments, a combination of one or more layers of 

bioactive, mixtures of carrier material/bioactive, and barrier 
layers are present. For example, the bioactive may be mixed 
With a carrier material and coated onto the cutting element 
and then over coated With a barrier layer(s). In yet other 
embodiments, multiple layers of bioactive, or mixtures of 
carrier material/bioactive, separated by barrier layers are 
present to form a multicoated cutting element. In certain 
embodiments, different bioactives are present in the different 
layers. 
[0065] In other embodiments, the bioactive forms part of 
the structure of the cutting device itself. Alternatively, the 
cutting device may have holes, Wells, slots, grooves, or the 
like for containing the bioactive, and/or mixtures of carrier 
material/bioactive, possibly separated by barrier layers. Illus 
trative medical devices having such con?gurations of bioac 
tives coated on their surface are disclosed in US. Publication 
Number 2004-0243225Al, published Dec. 2, 2004, the con 
tents of Which are incorporated by reference. 

[0066] In those embodiments Where the bioactive is coated 
onto a surface of the cutting device, it may be advantageous to 
prepare the surface of the cutting device before depositing a 
coating thereon. Useful methods of surface preparation can 
include, but are not limited to cleaning; physical modi?ca 
tions such as etching, drilling, cutting, or abrasion; and 
chemical modi?cations such as solvent treatment, the appli 
cation of primer coatings, the application of surfactants, 
plasma treatment, ion bombardment, covalent bonding and 
electrochemical methods such as electropolishing, striking, 
electroplating and electrochemical deposition. Such surface 
preparation may serve to activate the surface and promote the 
deposition or adhesion of the coating on the surface. Surface 
preparation can also selectively alter the release rate of the 
bioactive. 

[0067] Any additional coating layers can similarly be pro 
ces sed to promote the deposition or adhesion of another layer, 
to further control the release of the bioactive, or to otherWise 
improve the biocompatibility of the surface of the layers. For 
example, plasma treating an additional coating layer before 
depositing a bioactive thereon may improve the adhesion of 
the bioactive, increase the amount of bioactive that can be 
deposited, and alloW the bioactive to be deposited in a more 
uniform layer. 
[0068] A primer layer, or adhesion promotion layer, may 
also be used With the present invention. This layer may com 
prise, for example, silane, acrylate polymer/copolymer, acry 
late carboxyl and/or hydroxyl copolymer, polyvinylpyrroli 
done/vinylacetate copolymer (PVP/VA), ole?n acrylic acid 
copolymer, ethylene acrylic acid copolymer, epoxy polymer, 
polyethylene glycol, polyethylene oxide, polyvinylpyridine 
copolymers, polyamide polymers/copolymers polyimide 
polymers/copolymers, ethylene vinylacetate copolymer and/ 
or polyether sulfones. 
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[0069] FIG. 3 illustrates an expanded portion of the cross 
sectional vieW shown in FIG. 2. Cutting device 303 is illus 
trated on the surface of balloon 301. Cutting device 303 is 
shoWn to have a substantially circular cross-section and to be 
coated With a layer of bioactive 305. FIG. 4 illustrates a 
similar expanded vieW of an embodiment in Which cutting 
device 403 overlays the surface of balloon 401. In this 
embodiment, cutting device 403 has a substantially triangular 
cross section and is coated With a layer of bioactive 405 and a 
barrier layer 407. 
Delivery of the Bioactive from Inside the Balloon 
[0070] In other embodiments of the present invention, one 
or more bioactives are contained Within the in?atable balloon. 
In one such embodiment, a bioactive in contained Within the 
?uid used to in?ate the balloon and is released from the 
balloon through pores in the surface of the balloon. FIG. 5 
illustrates a partial cross-sectional vieW across a balloon of 
such an embodiment. The interior 509 of balloon 501 
includes an in?ation ?uid containing a bioactive. Any suitable 
in?ation ?uid may be used so long as it is compatible With 
delivery of the bioactive to the vessel Wall. Suitable ?uids 
include Water for injection, isotonic saline or other sterile 
solutions. Polymeric hydrogels may also be used, especially 
Where it is desired to increase the viscosity of the ?uid. 
[0071] The in?ation ?uid is released from the surface of the 
balloon though pores 507 upon in?ation of the balloon. The 
number and siZe of the pores is chosen so that a pressure 
suf?cient to in?ate the balloon can be maintained While 
alloWing limited escape of ?uid, and bioactive, through the 
pores. In one embodiment, the pores are siZed betWeen 
approximately 0.01 microns and 500 microns. In other 
embodiments, the pores are siZed betWeen 0.1 microns and 
100 microns. In yet other embodiments, the pores are siZed 
between 1 micron and 10 microns. 
[0072] Cutting element 503 is situated on the surface of 
balloon 501. In certain embodiments, the density of pores in 
the balloon surface varies With position, for example, the 
pores may be concentrated in areas adjacent to the cutting 
element. 
[0073] FIG. 6 illustrates a partial cross-sectional vieW 
across the Working surface in another embodiment of the 
present invention. This embodiment includes an innerballoon 
and an outer balloon. The interior 610 of inner balloon 601 is 
in ?uid communication With an in?ation lumen that delivers 
an in?ation ?uid to the balloon. Inner balloon 601 is imper 
meable to the in?ation ?uid and is situated inside outer bal 
loon 607. Cutting element 603 overlies the outside surface of 
outer balloon 607. Intermediate space 612 betWeen inner 
balloon 601 and outer balloon 607 is in ?uid contact With a 
delivery lumen, such as the lumen 140 illustrated in FIG. 1. 
Fluid containing one or more bioactives can be introduced 
into intermediate space 612 via the delivery lumen. Outer 
balloon 607 contains pores 609 through Which the bioactives 
are delivered to the outside surface of the balloon and hence to 
the vessel Wall. In one embodiment, the delivery lumen 
alloWs for replenishment of bioactives from the proximal end 
of the device When the distal end of the device is placed Within 
a body vessel. 
[0074] In another embodiment of the present invention, one 
or more bioactives are delivered through holes in at least one 
of the cutting elements. FIG. 7 illustrates a cross-sectional 
vieW across the Working surface of a balloon of one such 
embodiment. Cutting element 705 is either attached to the 
surface of balloon 701 or is at least partially imbedded Within 
the balloon material. Cutting element 705 contains at least 
one channel 707 providing ?uid communication betWeen the 
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interior 703 of the balloon and the exterior of the device. In 
another embodiment, the device includes tWo balloons, one 
Within the other. The cutting element is attached to the outer 
balloon and the ?uid containing the bioactive is present 
Within an intermediate lumen betWeen the outer balloon and 
an inner balloon. The interior of the inner balloon is in ?uid 
communication With an in?ation lumen, While the interme 
diate lumen is in ?uid communication With a bioactive deliv 
ery lumen. 

[0075] In another embodiment, at least one bioactive is 
positioned Within the material of the balloon. For example, 
the bioactive can be mixed With a polymer and extruded to 
form the balloon. Such a method of manufacture is suitable 
for those bioactives that are stable under the conditions, par 
ticularly the temperature, required for the extrusion process. 
For example, in one embodiment, a poWered base silicone 
material is mixed With the bioactive in a solvent. The mixture 
is then extruded at loW temperatures With the solvent evapo 
rating as the silicone material cures. LoW temperature sili 
cone is utiliZed so as not to evaporate or inactivate the bioac 
tive. 

[0076] In another embodiment, a bioactive is imbibed into 
the material of the balloon. US. Pat. No. 5,624,704, Which is 
hereby incorporated by reference, teaches such methods of 
incorporating a bioactive into the material of a non-metallic 
device. Brie?y, the device is contacted With a solvent contain 
ing the bioactive and a penetrating agent. In one embodiment, 
an alkaliniZing agent is added to enhance the reactivity of the 
material of the device. The solvent is preferably an organic 
solvent and the penetrating agent is an ingredient that enables 
the bioactive to permeate the base material of the device and 
to become deposited Within the device. 

[0077] Examples of suitable organic solvents include, but 
are not limited to, alcohols (i.e. methanol, ethanol), ketones 
(acetone, methylethylketone), ethers (tetrahydrofuran), alde 
hydes (formaldehyde), acetonitrile, acetic acid, methylene 
chloride and chloroform. The penetrating agent can be any 
compound that can be used to promote penetration of the 
bioactive into the material of the device. Examples of suitable 
compounds are esters (i.e. ethyl acetate, propyl acetate, butyl 
acetate, amyl acetate, and combinations thereof), ketones (i.e. 
acetone and methylethylketone), methylene chloride and 
chloroform. The alkaliniZing agent can be an organic and 
inorganic base including sodium hydroxide, potassium 
hydroxide, ammonia in Water (27% ammonium hydroxide), 
diethylamine and triethylamine. A high ionic strength salt 
may act both as an alkaliniZing agent and as a penetrating 
agent. Such salts include sodium chloride, potassium chloride 
and ammonium acetate. 

[0078] In another embodiment, the bioactive is applied to 
the outside surface of the balloon. For example, the bioactive 
may be applied by spraying, dipping, pouring, pumping, 
brushing, Wiping, vacuum deposition, vapor deposition, 
plasma deposition, electrostatic deposition, ultrasonic depo 
sition, epitaxial groWth, electrochemical deposition or any 
other method knoWn to those skilled in the art. The bioactive 
may be applied as a separate layer or may be included in a 
layer also including a carrier material as described beloW. 

[0079] In one embodiment, a bioactive is placed directly on 
the surface of the balloon and forms the outermost coating 
layer on the balloon. In another embodiment, the bioactive is 
coated onto the balloon and one or more barrier layers are 
placed over at least a portion of the bioactive. 
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[0080] In yet another embodiment, the bioactive is mixed 
With a carrier material and this mixture applied to the balloon. 
Alternatively, the carrier material may be applied to the sur 
face of the balloon and the bioactive absorbed into the carrier 
material. In such con?gurations, the release of the bioactive 
may be dependent on factors including the composition, 
structure and thickness of the carrier material. In one embodi 
ment, the carrier material may contain pre-existing channels, 
through Which the bioactive may diffuse, or channels created 
by the release of the bioactive, or another soluble substance, 
from the carrier material. 
[0081] In other embodiments of the invention, a combina 
tion of one or more layers of bioactive, mixtures of carrier 
material/bioactive, and barrier layers are present on the sur 
face of the balloon. For example, the bioactive may be mixed 
With a carrier material and coated onto the balloon and then 
over-coated With one or more barrier layer(s). In yet other 
embodiments, multiple layers of bioactive, or mixtures of 
carrier material/bioactive, possibly separated by barrier lay 
ers, are present to form a multicoated balloon. In certain 
embodiments, different bioactives are present in the different 
layers. 
[0082] In certain embodiments of the invention, the carrier 
material and/or the barrier layer comprise a biocompatible 
polymer. Such polymers include both biostable and biode 
gradable polymers. Selection of the appropriate polymer for 
use in the present invention may depend upon the desired rate 
of release of the bioactive, the porosity of the polymer, and the 
rate of degradation of the polymer, for example. The coating 
compositions of the present invention may also include addi 
tives, such as diluents, excipients, stabiliZers or the like. 
[0083] In another embodiment, an absorbable mesh is 
attached to the outside surface of the balloon and the bioactive 
is absorbed into this mesh. Examples of suitable mesh include 
mesh cotton cellulose or derivative of cellulose, cotton, cotton 
derivatives, alginates, dextran and rayon. Such materials may 
be chosen to absorb body ?uids Which they come into contact 
With and in doing so to sWell and release the bioactive. 

Bioactives 

[0084] In one embodiment of the invention, the bioactive is 
an antithrombogenic agent. Devices comprising an anti 
thrombogenic agent are particularly preferred for implanta 
tion in areas of the body that contact blood. An antithrombo 
genic agent is any agent that inhibits or prevents thrombus 
formation Within a body vessel. Types of antithrombotic 
agents include anticoagulants, antiplatelets, and ?brinolytics. 
Examples of antithrombotics include but are not limited to 
anticoagulants such as thrombin, Factor Xa, Factor VIIa and 
tissue factor inhibitors; antiplatelets such as glycoprotein IIb/ 
IIIa, thromboxane A2, ADP-induced glycoprotein IIb/IIIa, 
and phosphodiesterase inhibitors; and ?brinolytics such as 
plasminogen activators, thrombin activatable ?brinolysis 
inhibitor (TAFI) inhibitors, and other enzymes Which cleave 
?brin. 
[0085] Further examples of antithrombotic agents include 
anticoagulants such as heparin, loW molecular Weight hep 
arin, covalent heparin, synthetic heparin salts, coumadin, 
bivalirudin (hirulog), hirudin, argatroban, ximelagatran, 
dabigatran, dabigatran etexilate, D-phenalanyl-L-poly-L 
arginyl, chloromethy ketone, dalteparin, enoxaparin, nadro 
parin, danaparoid, vapipro st, dextran, dipyridamole, omega-3 
fatty acids, vitronectin receptor antagonists, DX-9065a, 
CI-l083, JTV-803, raZaxaban, BAY 59-7939, and LY-Sl, 
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7717; antiplatelets such as eftibatide, tiro?ban, orbo?ban, 
lotra?ban, abciximab, aspirin, ticlopidine, clopidogrel, cil 
ostaZol, dipyradimole; ?brinolytics such as al?meprase, 
alteplase, anistreplase, reteplase, lanoteplase, monteplase, 
tenecteplase, urokinase, streptokinase, or phospholipid 
encapsulated microbubbles; and other bioactive agents such 
as endothelial progenitor cells or endothelial cells. 

[0086] Another example of an antithrombotic agent is a 
nitric oxide source such as sodium nitroprussiate, nitroglyc 
erin, S-nitroso and N-nitroso compounds. In one embodi 
ment, a material capable of releasing nitric oxide from blood 
contacting surfaces can be delivered by the device of the 
invention. Examples of such materials include, but are not 
limited to, those described in US. publication number 2004/ 
0224868A1, published Nov. 11, 2004, and 2002/0115559A1, 
published Aug. 22, 2002, the contents of Which are incorpo 
rated by reference. 
[0087] Other examples of bioactive agents suitable for 
inclusion in the devices of the present invention include anti 
proliferative/antimitotic agents including natural products 
such as vinca alkaloids (vinblastine, vincristine, and vinorel 
bine), paclitaxel, rapamycin analogs, epidipodophyllotoxins 
(etoposide, teniposide), antibiotics (dactinomycin (actino 
mycin D) daunorubicin, doxorubicin and idarubicin), anthra 
cyclines, mitoxantrone, bleomycins, plicamycin (mithramy 
cin) and mitomycin, enzymes (for example, L-asparaginase 
Which systemically metaboliZes L-asparagine and deprives 
cells Which do not have the capacity to synthesiZe their oWn 
asparagine); antiplatelet agents such as (GP) IIb/IIIa inhibi 
tors and vitronectin receptor antagonists; antiproliferative/ 
antimitotic alkylating agents such as nitrogen mustards 
(mechlorethamine, cyclophosphamide and analogs, mel 
phalan, chlorambucil), ethylenimines and methylmelamines 
(hexamethylmelamine and thiotepa), alkyl sulfonates-busul 
fan, nirtosoureas (carmustine (BCNU) and analogs, strepto 
Zocin), traZenes-dacarbaZinine (DTIC); antiproliferative/an 
timitotic antimetabolites such as folic acid analogs 
(methotrexate), pyrimidine analogs (?uorouracil, ?oxuri 
dine, and cytarabine), purine analogs and related inhibitors 
(mercaptopurine, thioguanine, pentostatin and 
2-chlorodeoxyadenosine{cladribine}); platinum coordina 
tion complexes (cisplatin, carboplatin), procarbaZine, 
hydroxyurea, mitotane, aminoglutethimide; hormones (i.e. 
estrogen); anticoagulants (heparin, synthetic heparin salts 
and other inhibitors of thrombin); ?brinolytic agents (such as 
tissue plasminogen activator, streptokinase and urokinase), 
aspirin, dipyridamole, ticlopidine, clopidogrel, abciximab; 
antimigratory; antisecretory (breveldin); anti-in?ammatory: 
such as adrenocortical steroids (cortisol, cortisone, ?udrocor 
tisone, prednisone, prednisolone, 60t-methylprednisolone, 
triamcinolone, betamethasone, and dexamethasone), non 
steroidal agents (salicylic acid derivatives i.e. aspirin; para 
aminophenol derivatives i. e. acetaminophen; indole and 
indene acetic acids (indomethacin, sulindac, and etodalac), 
heteroaryl acetic acids (tolmetin, diclofenac, and ketorolac), 
arylpropionic acids (ibuprofen and derivatives), anthranilic 
acids (mefenamic acid, and meclofenamic acid), enolic acids 
(piroxicam, tenoxicam, phenylbutaZone, and oxyphenthatra 
Zone), nabumetone, gold compounds (aurano?n, aurothio 
glucose, gold sodium thiomalate); immunosuppressives (cy 
closporine, tacrolimus (PK-506), sirolimus (rapamycin), 
tacrolimus, everolimus, aZathioprine, mycophenolate 
mofetil); angiogenic agents: vascular endothelial groWth fac 
tor (VEGF), ?broblast groWth factor (FGF); angiotensin 
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receptor blockers; nitric oxide and nitric oxide donors; anti 
sense oligionucleotides and combinations thereof; cell cycle 
inhibitors, mTOR inhibitors, and growth factor receptor sig 
nal transduction kinase inhibitors; retenoids; cyclin/CDK 
inhibitors; endothelial progenitor cells (EPC); angiopeptin; 
pimecrolimus; angiopeptin; HMG co-enZyme reductase 
inhibitors (statins); metalloproteinase inhibitors (batimastat); 
protease inhibitors; antibodies, such as EPC cell marker tar 
gets, CD34, CD133, andAC 133/CD133; Liposomal Biphos 
phate Compounds (BPs), Chlodronate, Alendronate, Oxygen 
Free Radical scavengers such as Tempamine and PEA/NO 
preserver compounds, and an inhibitor of matrix metallopro 
teinases, MMPI, such as Batimastat. Still other bioactive 
agents that can be incorporated in or coated on a frame 
include a PPAR ot-agonist, a PPAR 6 agonist and RXR ago 
nists, as disclosed in published U.S. Patent Application 
US2004/0073297 to Rohde et al., published on Apr. 15, 2004 
and incorporated in its entirety herein by reference. 
[0088] In a preferred embodiment of the present invention, 
the bioactive is paclitaxel, rapamycin, a rapamycin derivative, 
an antisense oligonucleotide, or a mTOR inhibitor. 

Device Delivery and Methods of Treating a Patient 

[0089] Another aspect of the present invention provides 
methods for delivering the devices described herein to any 
suitable body vessel. The devices can be delivered to any 
suitable body vessel, including a vein, artery, biliary duct, 
ureteral vessel, body passage or portion of the alimentary 
canal. While many preferred embodiments discussed herein 
discuss devices having application in the treatment of stenosis 
or restenosis, other embodiments provide for delivery to other 
body vessels. In another matter of terminology there are many 
types of body canals, blood vessels, ducts, tubes and other 
body passages, and the term “vessel” is meant to include all 
such passages. 
[0090] In some embodiments, devices of the present inven 
tion having a compressed delivery con?guration With a very 
loW pro?le, small collapsed diameter and great ?exibility, 
may be able to navigate small or tortuous paths through a 
variety of body vessels. A loW-pro?le device may also be 
useful in coronary arteries, carotid arteries, vascular aneu 
rysms, and peripheral arteries and veins (e. g., renal, iliac, 
femoral, popliteal, sublavian, aorta, intercranial, etc.). Other 
nonvascular applications include gastrointestinal, duodenum, 
biliary ducts, esophagus, urethra, reproductive tracts, trachea, 
and respiratory (e.g., bronchial) ducts. 
[0091] In certain embodiments, the device of the invention 
is used to treat a narroWing of a peripheral artery or vein. 
Examples of such arteries include, but are not limited to, the 
femoral artery, the super?cial femoral artery (artery beloW the 
branch for the profunda femoris artery), the popliteal artery 
and the infrapopliteal artery. Examples of such veins include, 
but are not limited to, the femoral vein, the popliteal vein and 
the lesser/ greater saphenous vein. Another application of the 
device is to open up arteriovenous ?stulas that have occluded 
due to thrombus formation. When used to treat thrombosis, 
the device of the invention can also deliver an anti-coagulant. 
[0092] For example, the device of the present invention can 
be compressed to a delivery con?guration Within a retaining 
sheath that is part of a delivery system, such as a catheter 
based system. Upon delivery, the device can be expanded, for 
example, by removing the sheath and then in?ating the bal 
loon portion of the device. The delivery con?guration can be 
maintained prior to deployment of the device by any suitable 
means, including a sheath, a suture, a tube or other restraining 
material around all or part of the device. 
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[0093] The device of the invention may be deployed 
according to Well-known deployment techniques for expand 
able medical devices. For example, the device is positioned at 
the distal end of a catheter With a lubricous sleeve placed over 
the valve prosthesis to hold the medical device in a contracted 
state With a relatively small diameter. The device may then be 
delivered to the point of treatment by advancing the catheter 
over a guideWire to the location of the lesion and then With 
draWing the sleeve from over the device. The balloon is then 
expanded to bring the outside surface of the Working surface, 
and the cutting elements, into contact With the vessel Wall. 
Further expansion of the balloon causes the cutting elements 
to breakup any hardened plague on the vessel Wall, alloWing 
further expansion of the vessel. 
[0094] Expansion of the balloon also results in a therapeu 
tically-effective amount of a bioactive being delivered to the 
vessel Wall. The bioactive may be delivered either on the 
cutting device or Within or on the surface of the balloon. In 
various embodiments, at least 90 percent of the bioactive 
present on the cutting device or on or Within the material of 
the balloon catheter is released into an aqueous physiological 
environment Within 30 sec, 1 minute, 2 minutes, 5 minutes, 10 
minutes, 15 minutes, 20 minutes, 30 minutes, 45 minutes, 60 
minutes or 90 minutes. 
[0095] In those embodiments Where the bioactive is con 
tained Within a ?uid in the interior of the balloon, the bioac 
tive may be delivered to the vessel Wall over similar time 
periods. Of course, such embodiments alloW for continuous 
delivery of the bioactive from the proximal end of the catheter 
While the distal end is positioned Within a body vessel. After 
expansion of the vessel and delivery of the bioactive, the 
balloon is de?ated and the catheter removed from the vessel. 
[0096] In certain con?gurations, a rapid exchange delivery 
balloon catheter alloWs exchange from a balloon angioplasty 
catheter to a prosthesis delivery catheter Without the need to 
replace the angioplasty catheter guide Wire With an exchange 
length Wire guide before exchanging the catheters. Such 
delivery methods are described in Us. Pat. Nos. 5,690,642, 
5,814,061 and 6,371,961, the contents ofWhich are incorpo 
rated by reference. 
[0097] While preferred embodiments of the invention have 
been described, it should be understood that the invention is 
not so limited, and modi?cations may be made Without 
departing from the invention. The scope of the invention is 
de?ned by the appended claims, and all devices that come 
Within the meaning of the claims, either literally or by equiva 
lence, are intended to be embraced therein. Furthermore, the 
advantages described above are not necessarily the only 
advantages of the invention, and it is not necessarily expected 
that all of the described advantages Will be achieved With 
every embodiment of the invention. 

I claim: 
1. A balloon catheter comprising: 
a shaft having a distal end and a proximal end; 
an expandable balloon mounted at the distal end of the 

shaft, the shaft having an in?ation lumen extending 
therethrough in ?uid communication With an interior 
region of the balloon, Wherein at least a length of an 
outer surface of the balloon comprises a Working surface 
adapted to dilate a vessel Wall, 

a cutting device comprising at least one cutting element, 
the cutting element contacting the outer surface of the 
balloon When the balloon is in an expanded state, and 

a composition comprising a bioactive present on at least a 
portion of the cutting element. 
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2. The balloon catheter of claim 1, Wherein the cutting 
device further comprises a proximal coil and a distal coil, the 
cutting element having a proximal end, a distal end, and a 
middle portion, the middle portion extending along the outer 
surface of the balloon at the Working surface, the proximal 
end of the cutting element being a?ixed to the proximal coil, 
Wherein the proximal coil proximally extends from the Work 
ing surface of the balloon to the shaft, the distal end of the 
cutting element being a?ixed to the distal coil, Wherein the 
distal coil distally extends from the Working surface of the 
balloon to the shaft, the proximal and the distal coils being 
a?ixed to the shaft. 

3. The balloon catheter of claim 1, comprising a plurality of 
cutting elements. 

4. The balloon catheter of claim 1, Wherein the bioactive is 
releasibly attached to the cutting element. 

5. The balloon catheter of claim 1, Wherein the composition 
further comprises a bioabsorbable material. 

6. The balloon catheter of claim 1, Wherein the bioactive is 
selected from the group consisting of paclitaxel, rapamycin, a 
rapamycin derivative, an antisense oligonucleotide, and a 
mTOR inhibitor. 

7. The balloon catheter of claim 6, Wherein the bioactive is 
paclitaxel. 

8. The balloon catheter of claim 1, Wherein the cutting 
element comprises a material selected from the group con 
sisting of stainless steel, nickel, silver, platinum, palladium, 
gold, titanium, tantalum, iridium, tungsten, a superelastic 
nickel-titanium alloy, and inconel. 

9. A balloon catheter comprising: 
a shaft having a distal end and a proximal end; 
a expandable balloon mounted at the distal end of the shaft, 

the shaft having an in?ation lumen extending there 
through and in ?uid communication With an interior 
region of the balloon, Wherein at least a length of an 
outer surface of the balloon comprises a Working surface 
adapted to dilate a vessel Wall, and 

a cutting device comprising at least one cutting element 
attached to the outside surface of the balloon, Wherein 
the cutting element comprises at least one channel pro 
viding a ?uid path betWeen the interior of the balloon 
and an exterior surface of the balloon. 

10. The balloon catheter of claim 9, further comprising: 
an in?ation ?uid Within the balloon, and 
a composition comprising a bioactive Within the in?ation 

?uid. 
11. The balloon catheter of claim 9, Wherein the cutting 

element is a barb. 
12. The balloon catheter of claim 11, Wherein the cutting 

element is a plurality of barbs. 
13. The balloon catheter of claim 9, Wherein the cutting 

element is an elongated blade. 
14. The balloon catheter of claim 13, Wherein the elongated 

blade comprises a plurality of channels providing a ?uid path 
from the interior of the balloon to the cutting surface. 

15. The balloon catheter of claim 9, Wherein the cutting 
element comprises a material selected from the group con 
sisting of stainless steel, nickel, silver, platinum, palladium, 
gold, titanium, tantalum, iridium, tungsten, a superelastic 
nickel-titanium alloy, and inconel. 
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16. A balloon catheter comprising: 
a shaft having a distal end and a proximal end; 
a expandable balloon mounted at the distal end of the shaft, 

the shaft having an in?ation lumen extending there 
through and in ?uid communication With an interior 
region of the balloon, Wherein at least a length of an 
outer surface of the balloon comprises a Working surface 
adapted to dilate a vessel Wall, Wherein the balloon com 
prises at least one pore providing ?uid communication 
betWeen the interior region of the balloon and the outer 
surface of the balloon, 

a cutting device comprising at least one cutting element 
contacting the outer surface of the balloon When the 
balloon is in an expanded state, and 

a composition comprising a bioactive present on at least a 
portion of the cutting element. 

17. The balloon catheter of claim 16, Wherein the cutting 
device further comprises a proximal coil and a distal coil, the 
cutting element having a proximal end, a distal end, and a 
middle portion, the middle portion of the cutting element 
extending along the outer surface of the balloon, the proximal 
end of the cutting element being af?xed to the proximal coil, 
Wherein the proximal coil proximally extends from the Work 
ing surface of the balloon to the shaft, the distal end of the 
cutting element being af?xed to the distal coil, Wherein the 
distal coil distally extends from the Working surface of the 
balloon to the shaft, the proximal and the distal coils being 
a?ixed to the shaft. 

18. The balloon catheter of claim 16, further comprising: 
an in?ation ?uid Within the interior region of the balloon, 

and 
a composition comprising a bioactive contained Within the 

in?ation ?uid. 
19. A method of delivering a bioactive to a vessel Wall, the 

method comprising: 
positioning an expandable balloon portion of a balloon 

catheter at a site Within a vessel, Wherein the balloon 
catheter comprises: 
a shaft having a distal end and a proximal end; 
the expandable balloon mounted at the distal end of the 

shaft, the shaft having an in?ation lumen extending 
therethrough and in ?uid communication With an inte 
rior region of the balloon, Wherein at least a length of 
an outer surface of the balloon comprises a Working 
surface adapted to dilate a vessel Wall, 

a cutting device comprising at least one cutting element, 
the cutting element contacting the outer surface of the 
balloon When the balloon is in an expanded state, and 

a composition comprising a bioactive reversibly 
attached to at least a portion of the cutting element; 

expanding the balloon to cause the cutting element to 
contact the vessel Wall and to dilate the vessel Wall, 
and 

maintaining contact With the vessel Wall for a time suf 
?cient to deliver a therapeutically effective amount of 
bioactive to the vessel Wall. 

20. The method of claim 19, Wherein the bioactive is 
selected from the group consisting of paclitaxel, rapamycin, a 
rapamycin derivative, an antisense oligonucleotide, and a 
mTOR inhibitor. 


