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Description

[0001] The present invention pertains generally to
catheter balloons useful in medical dilation. More specif-
ically, the present invention relates to catheter balloons
having microscalpel blades operatively disposed relative
thereto, which blades are provided with controllable ul-
trasonic energy.

[0002] Angioplasty is a widely utilized therapeutic
treatment in which obstructed intraluminal spaces are
reopened or dilated. In a typical procedure, a catheter
comprising an inflatable member, such as a balloon, is
inserted percutaneously into the patient’s luminal pas-
sage, such as an arterial passage. Once inserted, the
balloon is advanced to the desired treatment site, where
the balloon may be inflated to dilate the luminal passage.
[0003] Although vascular angioplasty is a widely uti-
lized and largely successful procedure, the procedure
can cause collateral trauma to the vessel wall. That is,
in order to dilate the area of obstruction, pressure is typ-
ically applied, which pressure is realized at the vessel
wall. The applied pressure can result in the stretching,
or irregular intimal tearing, of layers of the vessel wall,
which in turn, can result in restenosis of the treatment
site. Any such restenosis that occurs may require further
treatment, an outcome that would desirably be avoided.
[0004] In order to avoid, or minimize the possibility of
such an outcome, devices have been developed that pur-
port to reduce the pressure applied, as well as any po-
tentially resulting collateral damage to the vessel wall.
For example, balloons incorporating cutting blades have
been provided in conjunction with angioplasty catheters
see e.g. EP-A-623 315 and US-A-5 196 024. These cut-
ting balloons, when dilated within a stenosis, provide reg-
ular, controlled incisions in the stenosis. It is thought that,
unlike irregular intimal tearing, these regular incisions
can act to disperse the pressure that otherwise would be
realized outwardly at the vessel wall radially about the
treatment site, thereby reducing damage to the vessel
wall. Although such cutting balloon angioplasty proce-
dures are widely utilized and largely successful proce-
dures, improvements to the same could yet be made.
[0005] For example, in some applications, it may be
desirable to enhance the precision of the incisions that
can be made in a stenosis. Enhanced precision would
be advantageous, for example, as it is believed that the
sharper and cleaner the cuts provided in a stenosis, the
greater the reduction in restenotic response that will be
seen. Enhanced precision in the depth of the incision
provided would be advantageous as well, inasmuch as
such depth precision currently can be difficult to attain,
in particular when such cutting elements are provided in
conjunction with a compliant balloon.

[0006] The present invention is generally directed to
cutting balloons having at least one microscalpel blade
operatively disposed relative thereto as specified in claim
1, said microscalpel being operatively disposed relative
to an ultrasonic energy power source. Advantageously,
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the ultrasonic microscalpels, because of their small size
and/or the provision of ultrasonic energy thereto ; are ca-
pable of creating much sharper and cleaner incisions in
a stenosis than conventional cutting blades. The ability
to selectively activate, deactivate, pulse, or otherwise
vary, the source of energy further enhances the cutting
precision of the microscalpels and thus, balloon. As a
result, the inventive cutting balloons can be used to incise
stenosis at lower dilatation pressures, or to incise sten-
osis that are difficult to incise utilizing other conventional
cutting balloons. Trauma to the vessel wall, as well as
any subsequent restenosis that can result therefrom, can
thus be reduced.

[0007] In one aspect then, the present invention pro-
vides a dilatation balloon and balloon catheter as spec-
ified in claim 9. Generally, the dilation balloon includes a
balloon body having an outer surface and at least one
microscalpel operatively disposed on the outer surface
of the balloon body. The microscalpel is activatable by a
source of ultrasonic energy. A balloon catheter embod-
ying features of the present invention generally includes
the inventive balloon further having an interior, as well
as an elongated catheter shaft having a proximal end, a
distal end and an inflation lumen of the catheter shaft
extending through at least a portion thereof. The balloon
is mounted near the distal end of the catheter shaft so
that the inflation lumen is in fluid communication with the
interior of the balloon.

[0008] Inasmuch as the present invention is based, at
least in part, upon the recognition of the advantages that
may be attained by the provision of microscalpels smaller
than conventional cutting elements on the surface of a
cutting balloon, and the further advantages that can be
seen when the microscalpels are ultrasonically activata-
ble, the type of balloon and/or catheter, the materials(s)
used to manufacture the same, and the configuration of
the same once assembled, is not critical. Rather, the in-
ventive cutting balloon catheters can be provided by uti-
lizing any material, or combination of materials, may be
coated or uncoated, cross-linked or uncrosslinked, etc.,
so long as the balloon has provided thereon at least one
microscalpel. In fact, and due at least in part to the fact
that microscalpels can be much sharper than conven-
tional cutting elements, a broader range of materials is
suitable for use in the inventive cutting balloon than is
appropriate for use in conventional cutting balloons.
[0009] In another aspect, the present invention pro-
vides a method for producing a balloon catheter as spec-
ified in claim 12. Generally speaking, the method involves
the steps of providing a cutting dilation balloon, having
an interior and an outer surface having operatively dis-
posed relative thereto at least one microscalpel, with the
microscalpel being controllably ultrasonically activata-
ble. A catheter shaft is also provided having a distal end,
a proximal end, and an inflation lumen extending through
at least a portion thereof. The cutting balloon is then
mounted on the catheter so that the inflation lumen of
the catheter shaft is in fluid communication with the bal-
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loon interior.

[0010] The inventive balloon and balloon catheter can
be utilized to dilate a stenosis while doing so atagenerally
lower dilatation pressure and/or in manner that results in
less trauma to the vessel wall. As a result, a reduction in
any restenosis that might otherwise occur can be seen.
A method for incising and/or dilating a stenosis is provid-
ed by using the inventive balloon catheter involves pro-
viding a balloon catheter having a catheter shaft having
a lumen in fluid communication with the interior of a cut-
ting balloon, the cutting balloon having at least one mi-
croscalpel mounted thereon, the microscalpel being op-
eratively disposed relative to a controllable energy
source, such as a source of ultrasonic energy. The cath-
eter is inserted into the bodily lumen and directed to the
site to be dilated. The balloon is then inflated so that at
least one microscalpel at least partially incises the sten-
osis. The microscalpel may be controllably activated with
ultrasonic energy, if an energy source is provided and
it's use is desirable, to further enhance the precision of
the incisions made.

[0011] These and other features and advantages of
the present invention will be apparent in the following
detailed description of the preferred embodiments when
read in conjunction with the accompanying drawings, in
which like reference numerals are used to identify the
same or similar parts in the several views.

[0012] The accompanying drawings, which are incor-
porated in and constitute a part of this application, illus-
trate several aspects of the invention and together with
description of the illustrated embodiments serve to ex-
plain the principles of the invention. A brief description
of the drawings is as follows:

Figure 1 is a perspective view of a cutting balloon
embodying features of the present invention and
showing in particular a plurality of microscalpel cut-
ting blades operatively disposed relative thereto;
Figure 2 is a perspective view of a balloon catheter
embodying features of the presentinvention wherein
a plurality of microscalpel cutting blades are opera-
tively disposed relative to the balloon and the micro-
scalpel cutting blades are further operatively dis-
posed relative to a power source so as to be control-
lably activatable;

Figure 3 is a schematic view, in partial cross-section,
of the balloon catheter device of Fig. 2, showing in
particular the balloon catheter device positioned
within a bodily lumen, and wherein the balloon has
been inflated so that at least one microscalpel can
at least partially incise a stenosis.

[0013] The embodiments of the present invention de-
scribed below are not intended to be exhaustive or to
limit the invention to the particular embodiments dis-
closed in the following detailed description. Rather, the
embodiments are described so that others skilled in the
art can understand the principles and practices of the
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present invention.

[0014] The present invention provides a cutting bal-
loon, and dilation catheter incorporating the same,
wherein the cutting balloon has at least one microscalpel
blade operatively disposed relative thereto. An ultrasonic
source of energy, is be operatively disposed relative to
the microscalpel. The inventive cutting balloon, incorpo-
rating such microscalpels, or energizable microscalpels,
and when provided in conjunction with an angioplasty
catheter, can provide advantages not attainable, or for
the enhancement of advantages attainable, from a con-
ventional cutting balloon catheter.

[0015] Generally speaking, cutting balloons embody-
ing features of the present invention include a balloon
having provided operatively disposed thereto atleastone
microscalpel blade which microscalpel may be further
advantageously operatively disposed relative to a power
source. The present invention further generally provides
a cutting balloon catheter further including, in addition to
the inventive cutting balloon, a catheter shaft in fluid com-
munication with the cutting balloon.

[0016] Inasmuch as the invention is based at least in
part upon the discovery that microscalpels that comprise
amuch smaller cutting surface or edge than conventional
cutting elements can be provided in connection with an
angioplasty balloon, that these microscalpels can advan-
tageously be supplied with energy, and further, the ad-
vantages that could be obtained by using such device in
adilation procedure, the particular type of balloon or cath-
eter shaft utilized in the inventive balloon and/or balloon
catheter are not critical. Rather, any type of catheter shaft
and/or balloon, arranged in any configuration, can be em-
ployed to provide the inventive balloon or device.
[0017] For example, the cutting balloon may be any
balloon, of any size or geometry, made of any material
or combination of materials, by any method, coated or
uncoated, and may be crosslinked or uncrosslinked, hav-
ing at least one microscalpel blade operatively disposed
in connection therewith.

[0018] In fact, and due at least in part to the fact that
microscalpels can be much sharper than conventional
cutting elements, a broader range of materials is suitable
for use in the inventive cutting balloon than is appropriate
for use in conventional cutting balloons. For example,
and in addition to materials conventionally used in cutting
balloons, Pebax®, polyurethanes, latex, polyethylene,
Hytrel® and ionomers can be utilized in the formation of
a cutting balloon embodying features of the present in-
vention.

[0019] Likewise, the catheter shaft maybe any ofthose
used to provide any of the various designs for balloon
catheters known in the art. Examples include over-the-
wire catheters, single operator or rapid exchange cath-
eters, to name a few. Additionally, the catheter shaft can
be made from any material, by any method, may be coat-
ed oruncoated. Further, the catheter shaft, including any
components thereof, can have the dimensions of any
conventional dilatation catheter, and inner and outer tu-
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bular members as may be incorporated into the same.
[0020] As mentioned above, the inventive cutting bal-
loon includes at least one microscalpel blade. As used
herein, the phrase "microscalpel blade" or term "micros-
calpel" is meant to indicate any cutting blade, surface,
element, edge or the like, that comprise a cutting edge
or surface that is generally smaller and/or sharper than
any conventional cutting blade used in conjunction with
angioplasty balloons. Generally speaking, microscalpel
blades embodying features of the present invention have
a cutting surface that is advantageously at least 2 times
sharper than any associated with any conventional cut-
ting blade, preferably at least 5 times sharper, and most
optimally at least 10 times sharper than cutting edges of
conventional cutting blades.

[0021] One way of quantifying sharpness is via meas-
urement of the radius of curvature of the cutting edge or
surface. For example, one known conventional cutting
blade used in conjunction with angioplasty balloons is
made from stainless steel and has a radius of curvature
of greater than about 100 nm. A microscalpel blade em-
bodying features of the present invention would thus be
sharper than this conventional cutting element by includ-
ing a cutting edge having a radius of curvature of less
than about 100 nm, advantageously less than about 50
nm, more advantageously less than about 20 nm and
most optimally, less than about 10 nm.

[0022] The microscalpel blades may be formed from
any material, or combination of materials, capable of be-
ing manufactured to form a cutting blade includes a cut-
ting surface that is smaller and/or sharper than a con-
ventional cutting blade. One example of a material suit-
able for use in the production of such microscalpels is a
crystalline material, including either monocrystalline or
polycrystalline materials. Such materials are easily man-
ufactured into small structures, while yet providing struc-
tures having sufficient strength so as to be useful as a
cutting blade. Examples of such materials include, but
are not limited to, silicon, quartz sapphire, diamond (such
as diamond-like-carbon), and the like.

[0023] The microscalpel cutting blades may further be
formed from a combination of materials. The utilization
of a combination of materials may be desirable, for ex-
ample, when the base material is capable of being man-
ufactured to have the desired sharper cutting surface rel-
ative to a conventional cutting blade, but wherein the re-
sulting microscalpel may lack the desired strength for
use in this capacity. The microscalpel cutting blades may
thus be formed from any material, including noncrystal-
line materials such as glasses, metals, polymers etc, and
have provided in combination therewith an additional ma-
terial or materials to provide the microscalpel with the
desired strength or with a desired edge having the de-
sired radius of curvature.

[0024] The microscalpel cutting blades may optionally
be coated. If desired, any coating, applied in any thick-
ness and by any method, for any desired purpose, may
be used, so long it is suitable for use in conjunction with
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a medical device. Coatings may desirably be provided
to, e.g., enhance lubricity, impart radioopacity, to deliver
therapeutic agents therefrom, etc. A coating may further
be applied to enhance the strength, or to otherwise pro-
tect, the microscalpel cutting blades. Strength enhancing
coatings or thin films include, but are not limited to, silicon
dioxide, silicon nitride, titanium diboride, diamond like
carbon, and silicon carbide.

[0025] The method used to form the microscalpel cut-
ting blades is not critical. Rather, the microscalpel cutting
blades may be formed by any method of manufacture
appropriate for the chosen material, so long as the mi-
croscalpels produced by such a method have a sharper
cutting edge or surface than conventional cutting ele-
ments. Such methods include, of course, those methods
currently utilized to produce conventional cutting ele-
ments. Examples of such methods include, but are not
limited to, oxidation sharpening processes or mechanical
techniques, such as mechanical cleavage.

[0026] Advantageously, when the microscalpels are
desirably formed from crystalline materials, the micros-
calpel blades may be formed by methods commonly uti-
lized to manufacture semiconductor devices. Such tech-
niques are capable of producing large volumes of micro-
scalpel blades inexpensively and further capable of pro-
ducing incredibly small microscalpels having intricate
features, if desired. Exemplary techniques include etch-
ing, such as anisotropic or isotropic etching techniques,
further including ion etching (RIE), ion beam milling or
chemical etching via the application of chemical agents.
[0027] The provision of energy to the microscalpel
blades can provide further advantages to the inventive
cutting balloon and catheter. For example, the application
of energy to the microscalpel cutting blades can further
reduce the pressure required to incise a stenosis, i.e.
beyond the reduction already provided by the enhanced
sharpness of the microscalpels relative to conventional
cutting elements. Advantageously, the energy provided
to the microscalpel cutting blades may be controllable,
so that the energy may be turned on, off, pulsed, or oth-
erwise varied in type, strength, etc., further enhancing
the control and precision that may be exercised over in-
cising a stenosis using the inventive cutting balloon and
catheter. Thus, the microscalpel blades are desirably and
advantageously operatively disposed relative to a power
source that supplies energy, such as thermal, RF, elec-
tric, or oscillatory energy, to the microscalpels. Oscilla-
tory ultrasonic energy, is provided by a power source to
the microscalpel blades.

[0028] Energy may be supplied tothe microscalpel cut-
ting blades by any method, using any componentry, ar-
ranged in any configuration, solong as however supplied,
the energy is capable of at least partially activating at
least a portion of at least one microscalpel blade. Meth-
ods of providing energy from a source to a remote area
are well known to those of ordinary skill in the electrical
engineering arts, and any of these may be used.
[0029] For exemplary purposes only then, one such
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configuration might have the power source provided as
acomponent separate from the balloon catheter and con-
nected to the microscalpels via one or more conductors
capable of conducting or transmitting the energy provid-
ed by the power source. Any such conductor(s) may be
connected directly to the microscalpel blades, or may be
operatively disposed to a transducer that is in turn oper-
atively disposed relative to the microscalpel blades. If the
conductor(s) are desirably connected directly to the mi-
croscalpels, the conductors themselves are desirably op-
eratively disposed relative to a transducer.

[0030] Thetransducerisdesirably providedinanycon-
figuration wherein the transducer is capable of supplying
energy provided by the power source to the microscalpel
blades in order to activate at least a portion of at least
one microscalpel. The transducer is an integral part of
the microscalpel cutting blades, i.e., as would be the case
if a thin film transducer were formed directly on at least
a portion of a surface of at least one microscalpel blade.
Such transducer structures are generally well-known and
comprise multilayer thin film structures including piezo-
electric layers and contact layers.

[0031] Clearly, given the above, the type of balloon
and catheter to which the inventive concept, the provision
of ultrasonically activatable microscapels in connection
therewith, is not particularly limited and such a construc-
tion is not intended. For illustration and exemplary pur-
poses only, then the following figures and description
thereof is provided.

[0032] Referring now to Figure 1, there is illustrated an
exemplary cutting balloon 100 embodying features of the
present invention. Generally, cutting balloon 100 com-
prises a substantially cylindrical body 102 having an outer
surface 104, a distal cone section 106, a proximal cone
section 108, a distal waist section 110 and proximal waist
section 112. Distal waist section 110 and proximal waist
section 112 include openings 114 and 116, respectively,
for operatively positioning balloon 100 with respect to a
catheter shaft (not shown). A plurality of microscalpel
blades 120 are disposed on outer surface 104 of body
102. It is noted that the representation of Figure 1 may
or may not be to scale, given the nature of microscalpel
blades 120.

[0033] Microscalpel blades 120 include an edge 122
having a radius of curvature less than that of conventional
cutting elements, i.e., less than about 100 nm. Although
microscalpel blades 120 are shown in Figure 1 having a
certain shape and configuration, these are not critical,
and microscalpel blades 120 can be provided in any
shape and configuration so long as at least a portion of
one edge 122 of microscalpel cutting blades 120 has a
radius of curvature smaller than that of conventional cut-
ting elements provided in connection with angioplasty
balloons.

[0034] For example, although Figure 1 illustrates mi-
croscalpel blades 120 as a single contiguous structure
extending in a substantially parallel fashion along sub-
stantially the entirety of the longitudinal axis of balloon
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100, this configuration is not required. Rather, microscal-
pel blades 120 can be provided in connection with outer
surface 104 of balloon body 102 in any configuration,
such as in the form of individual units, each substantially
shorter in length than the body 102 of balloon 100, and
may be provided in, e.g., a helical configuration, in rela-
tion to the outer surface 104 of balloon body 102. Micro-
scalpel blades 120 may also have disruptions, such as
serrations provided on edge 122 thereof. Finally, al-
though two microscalpel blades 120 are illustrated in Fig-
ure 1, any number of microscalpel blades 120 may be
provided on the surface 104 of balloon body 102.
[0035] Microscalpels 120 are mounted to the outer sur-
face 104 of the balloon body 102 via mounting elements
124. Mounting elements 124 may be comprised of any
material capable of adhering microscalpels 120 to the
outer surface 104 of balloon body 102. For example,
mounting elements 124 may comprise an elastomeric
polymer, such as polyurethane, or may comprise an ef-
fective amount of an adhesive, such as a cyanoacrylate
or polyurethane adhesive. Although illustrated as such
in Figure 1, microscalpel blades 120 need not be indi-
rectly adhered to the outer surface 104 of balloon body
102 via such mounting elements 124. Rather, microscal-
pel blades 120 can be formed to be an integral compo-
nent of balloon 100 during the balloon molding process.
[0036] Referring now to Figure 2, a balloon catheter
embodying features of the present invention, generally
designated number 200, is illustrated. Balloon catheter
200 generally includes an elongated catheter shaft 226,
having proximal section 228 and distal section 230, bal-
loon 201, microscalpels 220, transducers 250 and con-
ductors 236. Cutting balloon 201 is disposed on the distal
section 230 of catheter shaft 226, and manifold 232 is
mounted on proximal section 228 of shaft 226 to permit
controllable sliding over guidewire 234 and conductor
236, and for fluid introduction within shaft 226. Conduc-
tors 236 have a proximal end operatively disposed rela-
tive to a power source (not shown), and a distal end op-
eratively disposed relative to transducers 250, which
transducers 250 are, in turn, operatively disposed to mi-
croscalpels 220. In Figure 2, balloon catheter 200 is il-
lustrated with balloon 201 in an expanded state.

[0037] Cathetershaft226 hasan outertubularmember
238 and an inner tubular member 240 disposed within
outer tubular member 238, and defining along with outer
tubular member 238, inflation lumen 242. Inflation lumen
242 is in fluid communication with the interior (not shown)
of cutting balloon 201. The distal extremity 210 of cutting
balloon 201 is sealingly secured to the distal extremity
of inner tubular member 240 and the proximal extremity
212 of the balloon 201 is sealingly secured to the distal
extremity of the outer tubular member 238. Balloon 201
can be inflated by any fluid, e.g., radiopaque, injected
through inflation port 248, or otherwise provided through
inflation lumen 244, or by other means, such as from a
passageway formed between the outside of the catheter
shaft and the member forming balloon 201, depending



9 EP 1 524 943 B1 10

on the particular design of the catheter. The details and
mechanics of fluid transfer and introduction within bal-
loons vary according to the specific design of the cathe-
ter, and are well know in the art.

[0038] Inner tubular member 240 has an inner lumen
244 extending therethrough and connected with the ex-
terior of outer tubular member 238 via ports 246. Inner
lumen 244 can slidably receive a guidewire 234 suitable
for advancement through a patient’s bodily lumen (not
shown) as well as conductors 236 to provide conductors
236 in operative disposition relative to transducers 250.
[0039] Although two conductors 236 are shown, it is
noted that any number of conductors can be provided in
order to supply energy as provided by a power source
(not shown) to any number of transducers 250 and then
to microscalpel 220. Furthermore, although conductors
236 are shown extending through inner lumen 244, con-
ductors 236 may be provided in operative disposition rel-
ative to microscalpel cutting blades 220 in any fashion.
For exemplary purposes only, such configurations might
include, but are not limited to, conductors 236 extending
through inflation lumen 242, or extending through an ad-
ditional lumen, as may be provided within catheter shaft
226 by providing an additional tubular member within out-
er tubular member 238.

[0040] Ultrasonic transducers 250 are fixedly posi-
tioned on outer surface 204 of cutting balloon 201 and
extend in a generally parallel fashion along the longitu-
dinal axis thereof. Transducers 250 are operatively dis-
posed relative to microscalpel blades 220, more partic-
ularly, microscalpel blades are mounted on top of trans-
ducers 250. Microscalpel blades 220 and transducers
250 may be so disposed by any known connection meth-
od, such as by the use of conventional adhesives or by
non-adhesive based techniques, such as fusion bonding.
[0041] As but one example of an alternative configu-
ration within the scope of the present invention, conduc-
tors 236 may be ultrasonic transmission elements, which
may be operatively attached, at a distal end thereof, di-
rectly to microscalpel blades 220. In such a configuration,
transducers 250 could be operatively disposed at the
proximal ends of conductors 236. As such, the ultrasonic
vibrations may be transmitted by the conductors 236 to
the microscalpel blades 220 thereby ultrasonically acti-
vating the same.

[0042] In those embodiments of the invention where
ultrasonic energy microscapels 220 are provided with
conductors 236, conductors 236 are preferably formed
from a metal alloy or other material which exhibits su-
perelastic properties within the range of operating tem-
perature that is normally encountered by the conductors
236 during use. In particular, one preferred superelastic
metal alloy of which the conductors 236 may be formed
is a nickel-titanium alloy wire made up of 55.8 weight
percent nickel (NiTi containing 55.8 weight percent nickel
and the balance as titanium). It is understood that the
conductors 236, when used as ultrasonic transmission
elements, may be tapered, narrowed, or otherwise re-
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duced or changed in cross-sectional dimension so as to
decrease the rigidity of the conductors 236 and/or to
cause amplification of the ultrasound transmitted to and
from a distal end thereof.

[0043] The inventive balloon catheter, including at
least one microscalpel cutting blade that is ultrasonically
activatable, provides many advantages when used to
perform a cutting dilation. Firstly, due at least in part to
the small size and enhanced sharpness of the micros-
calpels and at least in part to the ability to activate the
microscalpels with a form of energy, the cutting balloon,
when inflated, is capable of creating much sharper and
cleaner incisions in a stenosis than a balloon including
conventional cutting blades. The ability to selectively ac-
tivate, deactivate, pulse, or otherwise vary, e.g., as by
varying the frequency or amplitude of an oscillatory pow-
er source, the source of energy further enhances the cut-
ting precision that can be seen when utilizing the inven-
tive balloon catheter in a treatment. As a result of these
advantages, the inventive cutting balloons and balloon
catheters can be used to incise stenosis at lower dilata-
tion pressures, or to incise stenosis that are difficult to
incise utilizing conventional cutting balloons. As such,
trauma to the vessel wall, as well as any subsequent
restenosis that can result therefrom, can be reduced.
[0044] In this regard, a method of dilating and incising
a stenosis using the inventive balloon catheter can gen-
erally be described with reference to Figure 3. Generally,
the method comprises the steps of providing a balloon
catheter 300, wherein the balloon catheter 300 compris-
es at least a cutting balloon 301 including at least one
microscalpel blade 320, which is operatively disposed
relative to a power source (not shown) so that the micro-
scalpels 320 may be activated thereby. The balloon cath-
eter may be inserted within a bodily lumen 360, as by
advancing the catheter over a guide wire (not shown)
placed prior to the insertion of the catheter 300, and ad-
vanced to the desired treatment site 362. The balloon
301 may then be inflated to cause the radial expansion
thereof so that at least a portion of at least one of the
microscalpel blades 320 contacts the stenosis 362 there-
by at least partially incising the stenosis 362. If desired,
during any portion of the inflation or any other period that
any portion of microscalpel 320 is disposed within sten-
osis 362 so as to be capable of incising stenosis 362,
microscalpel 320 may be activated with ultrasonic energy
as provided to microscalpel 320 by transducer 350 and/or
conductor 336. The balloon may then be deflated and
withdrawn from the lumen.

[0045] The present invention provides apparatus for
the treatment of luminal conditions and diseases of body
systems including the vascular, pulmonary, lymphatic,
and urinary, as well as other body systems that include
one or more body lumens. In particular, the present in-
vention provides balloon catheters that may be advanta-
geously utilized for the treatment of diseases of the cor-
onary and peripheral vasculature. Specific conditions
generally include coronary and peripheral arterial dis-
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ease and thrombosis. Such catheters advantageously
provide treatment by generally non-invasive techniques
by permitting manipulation of distal features of such cath-
eters from their proximal ends.

[0046] Numerous characteristics and advantages of
the invention meant to be described by this document
have been set forth in the foregoing description. It is to
be understood, however, that while particular forms or
embodiments of the invention have been illustrated, var-
ious modifications, including modifications to shape, and
arrangement of parts, and the like, can be made without
departing from the scope of the invention.

Claims
1. A cutting dilation balloon (100; 200) comprising:

a balloon body (102; 202) having an outer sur-
face (104; 204);

at least one ultrasonic microscalpel (120; 220)
operatively disposed relative to the outer sur-
face of the body,

atleast a portion of the at least one microscalpel
including a coating comprising a thin-film trans-
ducer (250); and

the at least one microscalpel being operatively
disposed relative to a source of power so as to
be controllably activatable, the power source be-
ing a source of ultrasonic energy and providing
oscillatory energy to said at least one microscal-
pel (120; 220), the at least one microscalpel be-
ing ultrasonically activatable by the provision of
said thin-film transducer.

2. The cutting dilation balloon of claim 1, wherein the
microscalpel comprises a crystalline material.

3. The cutting dilation balloon of claim 2, wherein the
crystalline material comprises a monocrystalline ma-
terial.

4. The cutting dilation balloon of claim 1, wherein the
micro-scalpel has a radius of curvature of between
about 0.5 nm and about 100 nm.

5. The cutting dilation balloon of claim 1, wherein at
least a portion of the microscalpel includes a thin-
film coating.

6. The cutting dilation balloon of claim 5, wherein the
thin-film coating comprises silicon dioxide, silicon ni-
tride, titanium diboride, diamond like carbon, silicon
carbide or combinations thereof.

7. The cutting dilation balloon of claim 1, wherein the
thin-film transducer includes at least one piezo-elec-
tric material.
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8. The cutting dilation balloon of claim 7, wherein the
transducer oscillates at a frequency in the range from
about 1 kHz to about 300 kHz.

9. A cutting balloon catheter comprising:

an elongated catheter shaft (226) having a prox-
imal end, a distal end, and an inflation lumen
extending through at least a section thereof;

a cutting dilation balloon (100; 200) comprising
a balloon body (102; 202) having an outer sur-
face and an interior in fluid communication with
the inflation lumen;

at least one ultrasonic microscalpel (120; 220)
operatively disposed relative to the outer sur-
face of the body;

at least a portion of the at least one microscalpel
including a coating comprising a thin-film trans-
ducer (250); and

the at least one microscalpel being operatively
disposed relative to a source of power so as to
be controllably activatable, the power source be-
ing a source of ultrasonic energy and providing
oscillatory energy to said at least one microscal-
pel, the atleast one microscalpel being ultrason-
ically activatable by the provision of said thin-
film transducer.

10. The cutting balloon catheter of claim 9, wherein the
power source is capable of being controlled so as to
controllably activate, deactivate, pulse, or otherwise
vary the power supplied to the microscalpel.

11. A method of forming a cutting balloon according to
any one of claims 1 to 8, the method comprising the
steps of:

providing a balloon having an outer surface;
providing at least one ultrasonic microscalpel,
at least a portion of the at least one microscalpel
including a coating comprising a thin-film trans-
ducer;

mounting the at least one microscalpel onto the
outer surface of the balloon: and

providing coupling with a source of ultrasonic
energy to the atleast one microscalpel such that
the at least one microscalpel is ultrasonically ac-
tivatable by the provision of the thin-film trans-
ducer.

12. A method of forming a cutting balloon catheter ac-
cording to any one of claims 9 and 10, the method
comprising the steps of:

providing a balloon having an outer surface, an
interior, and at least one microscalpel operative-
ly disposed on the outer surface and at least a
portion of the at least one microscalpel including
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a coating comprising a thin-film transducer;
providing an elongated catheter shaft having a
proximal end, a distal end and an inflation lumen
extending through at least a portion thereof;
providing coupling with a source of ultrasonic
energy to the atleast one microscalpel such that
the atleast one microscalpelis ultrasonically ac-
tivatable by the provision of the thin-film trans-
ducer: and

mounting the balloon on the catheter shaft so
that the interior of the balloon is in fluid commu-
nication with the inflation lumen.

Patentanspriiche

Schneiddilatationsballon (100; 200) mit:

einem Ballonkérper (102; 202) mit einer Auf3en-
flache (104; 204);

mindestens einem Ultraschall-Mikroskalpell
(120; 220), das relativ zur AuBenflache des Kor-
pers betrieblich angeordnet ist,

wobei mindestens ein Abschnitt des mindestens
einen Mikroskalpells eine Beschichtung mit ei-
nem Dinnfilmwandler (250) aufweist; und
wobei das mindestens eine Mikroskalpell relativ
zu einer Energiequelle so betrieblich angeord-
net ist, dal} es steuerbar aktivierbar ist, die En-
ergiequelle eine Ultraschallenergiequelle ist
und Schwingungsenergie zum mindestens ei-
nen Mikroskalpell (120; 220) fiihrt und das min-
destens eine Mikroskalpell durch die Bereitstel-
lung des Dunnfilmwandlers ultraschallaktivier-
bar ist.

Schneiddilatationsballon nach Anspruch 1, wobei
das Mikroskalpell ein kristallines Material aufweist.

Schneiddilatationsballon nach Anspruch 2, wobei
das kristalline Material ein monokristallines Material
aufweist.

Schneiddilatationsballon nach Anspruch 1, wobei
das Mikroskalpell einen Krimmungsradius zwi-
schen etwa 0,5 nm und etwa 100 nm hat.

Schneiddilatationsballon nach Anspruch 1, wobei
mindestens ein Abschnitt des Mikroskalpells eine
Dunnfilmbeschichtung aufweist.

Schneiddilatationsballon nach Anspruch 5, wobei
die Dunnfilmbeschichtung Siliciumdioxid, Siliciumni-
trid, Titandiborid, diamantartigen Kohlenstoff, Silici-
umcarbid oder deren Kombinationen aufweist.

Schneiddilatationsballon nach Anspruch 1, wobei
der Dinnfilmwandler mindestens ein piezoelektri-
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sches Material aufweist.

Schneiddilatationsballon nach Anspruch 7, wobei
der Wandler mit einer Frequenz im Bereich von etwa
1 kHz bis etwa 300 kHz schwingt.

Schneidballonkatheter mit:

einem langlichen Katheterschaft (226), der ein
proximales Ende, ein distales Ende und ein sich
durch mindestens ein Teilstlick davon erstrek-
kendes Inflationslumen hat;

einem Schneiddilatationsballon (100; 200) mit
einem Ballonkérper (102; 202), der eine Auf3en-
flache und einen Innenraum in Fluidverbindung
mit dem Inflationslumen hat;

mindestens einem Ultraschall-Mikroskalpell
(120; 220), das relativ zur AuRenflache des Kor-
pers betrieblich angeordnet ist;

wobei mindestens ein Abschnitt des mindestens
einen Mikroskalpells eine Beschichtung mit ei-
nem Dinnfilmwandler (250) aufweist; und
wobei das mindestens eine Mikroskalpell relativ
zu einer Energiequelle so betrieblich angeord-
net ist, dal} es steuerbar aktivierbar ist, die En-
ergiequelle eine Ultraschallenergiequelle ist
und Schwingungsenergie zum mindestens ei-
nen Mikroskalpell fiihrt und das mindestens eine
Mikroskalpell durch die Bereitstellung des
Dunnfilmwandlers ultraschallaktivierbar ist.

10. Schneidballonkatheter nach Anspruch 9, wobei die

1.

Energiequelle gesteuert werden kann, um die dem
Mikroskalpell zugefiihrte Energie steuerbar zu akti-
vieren, zu deaktivieren, pulsieren zu lassen oder an-
derweitig zu variieren.

Verfahren zur Bildung eines Schneidballons nach ei-
nem der Anspriiche 1 bis 8, wobei das Verfahren die
Schritte aufweist:

Bereitstellen eines Ballons mit einer AuRenfla-
che;

Bereitstellen mindestens eines Ultraschall-Mi-
kroskalpells, wobei mindestens ein Abschnitt
des mindestens einen Mikroskalpells eine Be-
schichtung mit einem Dunnfilmwandler auf-
weist;

Anordnen des mindestens einen Mikroskalpells
auf der AuRenflache des Ballons; und
Bereitstellen von Kopplung mit einer Ultraschal-
lenergiequelle fir das mindestens eine Mikros-
kalpell, so dal das mindestens eine Mikroskal-
pell durch die Bereitstellung des Dinnfiimwand-
lers ultraschallaktivierbar ist.

12. Verfahren zur Bildung eines Schneidballonkatheters

nach einem der Anspriiche 9 und 10, wobei das Ver-
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fahren die Schritte aufweist:

Bereitstellen eines Ballons mit einer AuRenfla-
che, einem Innenraum und mindestens einem
Mikroskalpell, das auf der Auf3enflache betrieb-
lich angeordnet ist, und wobei mindestens ein
Abschnitt des mindestens einen Mikroskalpells
eine Beschichtung mit einem Dinnfilmwandler
aufweist;

Bereitstellen eines langlichen Katheterschafts
mit einem proximalen Ende, einem distalen En-
de und einem sich durch mindestens einen Ab-
schnitt davon erstreckenden Inflationslumen;
Bereitstellen von Kopplung mit einer Ultraschal-
lenergiequelle fir das mindestens eine Mikros-
kalpell, so daf} das mindestens eine Mikroskal-
pell durch die Bereitstellung des Dinnfilmwand-
lers ultraschallaktivierbar ist; und

Anordnen des Ballons auf dem Katheterschaft,
so dafd der Innenraum des Ballons in Fluidver-
bindung mit dem Inflationslumen steht.

Revendications

Ballonnet de dilatation de coupe (100, 200)
comprenant :

un corps de ballonnet (102, 202), ayant une sur-
face extérieure (104, 204)

au moins un micro-scalpel a ultrasons (120,
220), disposé de maniére opérationnelle relati-
vement a la surface extérieure du corps,

au moins une partie dudit au moins un micro-
scalpel comprenant un revétement doté d’'un
transducteur a film mince (250) ; et

ledit au moins un micro-scalpel étant disposé de
maniére opérationnelle relativement a une sour-
ce d’alimentation, de fagon a pouvoir étre activé
de maniére contrdlable, la source d’alimentation
étantune source d’énergie aux ultrasons et four-
nissant une énergie oscillatoire audit au moins
un micro-scalpel (120, 220), ledit au moins un
micro-scalpel étant activable par les ultrasons
grace a la fourniture dudit transducteur a film
mince.

Ballonnet de dilatation de coupe selon la revendica-
tion 1, dans lequel le micro-scalpel comprend un ma-
tériau cristallin.

Ballonnet de dilatation de coupe selon la revendica-
tion 2, dans lequel le matériau cristallin comprend
un matériau monocristallin.

Ballonnet de dilatation de coupe selon la revendica-
tion 1, dans lequel le micro-scalpel a un rayon de
courbure compris entre environ 0,5 nm et environ
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100 nm.

Ballonnet de dilatation de coupe selon la revendica-
tion 1, dans lequel au moins une portion du micro-
scalpel comprend un revétement de film mince.

Ballonnet de dilatation de coupe selon la revendica-
tion 5, dans lequel le revétement de film mince com-
prend du dioxyde de silicium, du nitrure de silicium,
du diborure de titane, du carbone semblable au dia-
mant, du carbure de silicium ou des combinaisons
de ceux-ci.

Ballonnet de dilatation de coupe selon la revendica-
tion 1, danslequel le transducteur de film mince com-
prend au moins un matériau piézo-électrique.

Ballonnet de dilatation de coupe selon la revendica-
tion 7, dans lequel le transducteur oscille a une fré-
quence comprise entre environ 1 kHz, et environ 300
kHz.

Cathéter a ballonnet de coupe comprenant :

un arbre de cathéter allongé (226) ayant une
extrémité proximale, une extrémité distale, et
une lumiére de gonflage s’étendant a travers au
moins une section de celui-ci ;

un ballonnet de dilatation de coupe (100, 200),
comprenant un corps de ballonnet (102, 202)
ayant une surface extérieure et un intérieur en
communication fluidique avec la lumiére de
gonflage ;

au moins un micro-scalpel a ultrasons (120, 220)
disposé de maniere opérationnelle relativement
a la surface extérieure du corps ;

au moins une partie dudit au moins un micro-
scalpel comprenant un revétement doté d'un
transducteur a film mince (250) ; et

ledit au moins un micro-scalpel étant disposé de
maniére opérationnelle relativement a une sour-
ce d’alimentation, de fagon a pouvoir étre activé
de maniére contrélable, la source d’alimentation
étant une source d’énergie aux ultrasons et four-
nissant une énergie oscillatoire audit au moins
un micro-scalpel, ledit au moins un micro-scal-
pel étant activable par les ultrasons grace a la
fourniture dudit transducteur a film mince.

10. Cathéter aballonnetde coupe selon larevendication

1.

9, dans lequel la source d’alimentation est capable
d’étre contrOlée de fagon a activer, désactiver, im-
pulser, ou varier autrement I'alimentation fournie au
micro-scalpel de fagon contrélable.

Procédé de formation d’'un ballonnet de coupe selon
I'une quelconque des revendications 1 a 8, ledit pro-
cédé comprenant les étapes consistant a :
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fournir un ballonnet ayant une surface
extérieure ;

fournir au moins un micro-scalpel a ultrasons,
au moins une partie dudit au moins un micro-
scalpel comprenant un revétement doté d’'un
transducteur a film mince ;

monter ledit au moins un micro-scalpel sur la
surface extérieure du ballonnet ; et

fournir un accouplement avec une source
d’énergie aux ultrasons audit au moins un micro-
scalpel, de sorte que ledit au moins un micro-
scalpel soit activable par les ultrasons grace a
la fourniture du transducteur a film mince.

12. Procédé de formation d’un cathéter a ballonnet de
coupe selon I'une quelconque des revendications 9
et 10, ledit procédé comprenant les étapes consis-
tanta:

fournir un ballonnet ayant une surface extérieu-
re, un intérieur, et au moins un micro-scalpel
disposé de maniéere opérationnelle sur la surfa-
ce extérieure et au moins une partie dudit au
moins un micro-scalpel comprenant un revéte-
ment doté d’un transducteur a film mince ;
fournir un arbre de cathéter allongé ayant une
extrémité proximale, une extrémité distale et
une lumiére de gonflage a travers au moins une
partie de celui-ci ;

fournir un accouplement avec une source
d’énergie aux ultrasons audit au moins un micro-
scalpel, de sorte que ledit au moins un micro-
scalpel puisse étre activé parles ultrasons grace
a la fourniture du transducteur a film mince ; et
monter le ballonnet sur I'arbre de cathéter, de
sorte que I'intérieur du ballonnet soit en commu-
nication fluidique avec la lumiére de gonflage.
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