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CATHETER ASSEMBLY WITH PLAQUE CUTTING BALLOON

BACKGROUND
[0001] 1. Technical Field. The present invention relates generally to balloon

catheters, and more particularly, to a balloon catheter assembly for use in
angioplasty procedures wherein the balloon portion of the assembly is provided
with plaque-cutting edges disposed along the outer surface of the balloon.

[0002] 2. Background Information. Coronary artery disease, or
atherosclerosis, results in restrictions in the flow of blood to the heart and other
areas of the circulatory system. Such restrictions occur primarily as a result of the
formation of obstructions, such as plaque, in one or more of the blood vessels of
the patient.

[0003] The medical community has long sought effective ways to remove such
obstructions to restore the free blood flow in the vessel, and to maintain that flow
for an extended period of time. One technique that has come into widespread use
for treating atherosclerosis is known as percutaneous transluminal coronary
angioplasty (PTCA), or as it is more commonly known, balloon angioplasty.
Balloon angioplasty is utilized to open arteries whose lumens have been restricted
due to this build-up of plaque, a condition known as stenosis. In a typical balloon
angioplasty procedure, an incision is made in a specific area of the patient's body
to gain access to an artery, such as the femoral artery. A balloon-tipped catheter is
inserted into the artery and threaded through the artery to the site of the blockage.
When the blockage site is reached, the balloon is inflated. The inflated balloon
pushes the plaque back against the artery wall, thereby removing the restriction
and restoring the pathway for blood flow through the vessel. The balloon may be
deflated and re-inflated one or more additional times. If desired, a stent may be
inserted at the position of the blockage to prop the artery open.

[0004]  Balloon angioplasty has been well-received in the medical field as an
alternative for the much more invasive and expensive surgical by-pass techniques.
Although balloon angioplasty and related procedures have proven successful in

many cases for treating coronary artery disease, the procedure continues to suffer
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from some shortcomings. Since the plaque is pressed against the vessel wall, it is
not generally removed from the vessel. In a significant number of patients, the
plaque re-forms as a restriction and re-clogs the artery, a condition referred to as
restenosis. When restenosis occurs, it is often necessary to repeat the balloon
angioplasty procedure, or in some instances, undertake a more invasive procedure,
such as cardiac by-pass surgery.

[0005]  In addition, in some severe cases of stenosis, the plaque deposit may
have hardened or become calcified to such an extent that it does not easily yield to
the balloon. In such instances, balloon angioplasty must often be carried out at
higher pressures to crack the calcified plaque. When higher pressures are
employed, the physician must exercise a high amount of care to avoid rupturing
the balloon and/or the artery at the site of the plaque deposit.

[0006] It is desired to provide a balloon angioplasty device that is capable of
breaking down build-ups of plaque from a vessel, and that is capable of cracking
calcified plaque at low pressures such that the inherent risks of rupture of the

balloon and/or artery may be minimized.

BRIEF SUMMARY
[0007]  The problems of the prior art are addressed by the balloon catheter

assembly of the present invention. The inventive balloon catheter assembly is
structured such that the balloon portion of the assembly concentrates forces at
cutters placed at discrete locations along the surface of the balloon. As a result,
the device is effective in cracking calcified lesions, while at the same time
reducing the need for higher pressures to expand the vessel.

[0008]  In one form thereof, the invention comprises a balloon catheter
assembly for use in breaking down restrictions in a blood vessel. The assembly
comprises an elongated catheter shaft having a proximal portion and a distal
portion, and an inflatable balloon secured to the shaft distal portion. A plurality of
cutters is disposed along an outer surface of the balloon. The cutters are shielded

by folds of the balloon when the balloon is in an uninflated condition, and are
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arranged and configured to facilitate breakdown of a vascular restriction when the
balloon is in an inflated condition.

[0009] In another form thereof, the invention comprises a method for breaking
down a restriction in a blood vessel of a patient. A balloon catheter assembly is
provided for insertion into the vessel. The balloon catheter assembly comprises an
elongate catheter shaft and an inflatable balloon secured to a distal portion of the
catheter shaft. The balloon has a plurality of cutters fixedly disposed in respective
generally parallel longitudinal rows along an outer surface thereof. The cutters are
shielded by folds of the balloon when the balloon is in an uninflated condition, and
are arranged and configured to facilitate a breakdown of the restriction when the
balloon is in an inflated condition. The distal end of the balloon catheter assembly
is inserted into the vessel, and advanced in the vessel with the balloon in an
uninflated condition until the uninflated balloon reaches the restriction. The
balloon is then inflated such that the cutters penetrate the restriction. The balloon
is then deflated. The balloon may be reinflated and deflated additional times if

desired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  Fig. 1 is a perspective view of a distal portion of a balloon catheter
according to an embodiment of the present invention, showing the balloon in an
inflated condition;

[0011]  Fig. 2 is a side view of the balloon catheter portion shown in Fig. 1;
[0012]  Fig. 3 is a distal end view of the catheter of Fig. 2 taken from line 3-3 of
Fig.2,

[0013]  Fig. 4 is a side view of the balloon catheter portion of Fig. 1, showing
the balloon in the uninflated condition;

[0014]  Fig. 5 is a sectional view of the catheter portion and uninflated balloon
of Fig. 4, taken from line 5-5 of Fig. 4;

[0015]  Fig. 6 is a sectional view of a cutter for the balloon catheter, taken

along line 6-6 of Fig. 2; and
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[0016]  Fig. 7 is a perspective view of one form of a cutter, shown removed

from the balloon.

DETAILED DESCRIPTION OF THE DRAWINGS AND THE
PRESENTLY PREFERRED EMBODIMENTS

[0017]  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 specific language will be used to describe the same. It should
nevertheless be understood that no limitation of the scope of the invention is
thereby intended, such alterations and further modifications in the illustrated
device, and such further applications of the principles of the invention as
illustrated therein being contemplated as would normally occur to one skilled in
the art to which the invention relates.

[0018] In the following discussion, the terms "proximal" and "distal" will be
used to describe the opposing axial ends of the balloon catheter assembly, as well
as the axial ends of various component features. The term "proximal" is used in
its conventional sense to refer to the end of the assembly, or component thereof,
that is closest to the operator during use of the assembly. The term "distal" is used
in its conventional sense to refer to the end of the assembly, or component thereof,
that is initially inserted into the patient, or that is closest to the patient.

[0019] Fig. 1 illustrates a perspective view of the distal portion of a balloon
catheter assembly 10 according to an embodiment of the present invention. Fig. 2
illustrates a side view of the balloon catheter assembly of Fig. 1, and Fig. 3
illustrates an end view, as viewed from the distal end of the assembly portion
shown in Fig. 2. The portion of balloon catheter assembly 10 shown in Figs. 1-3
includes a conventional catheter shaft 12 having a lumen 13 and an expandable
balloon 14. The balloon is shown in its inflated condition in each of Figs. 1-3.
Other conventional features of a balloon catheter assembly are not germane to the
features of the present invention, and have been omitted from these figures.

[0020] Balloon 14 comprises a generally cylindrical outer main body 16, and

includes a proximal taper 18 and a distal taper 20. Proximal taper 18 tapers to
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proximal balloon end portion 19, and distal taper 20 tapers to distal balloon end
portion 21. Respective proximal and distal end portions 19, 21 are sealingly
engaged with catheter shaft 12 to provide a fluidtight connection between the
catheter shaft and the respective proximal and distal ends of the balloon in well-
known fashion. Balloon may be inflated in conventional fashion, such as by
passing an inflation fluid from an inflation source through a lumen in catheter
shaft 12, and into the interior space of the balloon through one or more ports in the
shaft.

[0021]  Preferably, balloon 14 is a non-compliant balloon of the type commonly
used in balloon angioplasty procedures. Such balloons are well-known in the art,
and are typically extruded from polymeric materials such as various polyamides
(e.g., nylons), polyethylene terephthalate (PET), polyether block amides (PEBA),
and mixtures of the foregoing. Non-compliant balloons are well-known for their
ability to maintain their inflated diameter under high pressure conditions of the
type that may be encountered during a balloon angioplasty procedure. Although
non-compliant balloons are preferred for this reason, those skilled in the art will
appreciate that compliant balloons may be acceptable in some circumstances when
it is expected that less severe conditions will be encountered. Nevertheless, it is
believed that the use of a non-compliant balloon is generally superior to a
compliant balloon in most cases, and its use is therefore preferred. Angioplasty
balloons are well known, and those skilled in the art can readily select an
appropriate balloon for use in carrying out a particular angioplasty procedure.
[0022]  Asshown in Figs. 1-3, balloon 14 is provided with a plurality of cutters
30 distributed along the outer surface of the balloon. Cutters 30 are preferably
formed from a polymer. In a particularly preferred embodiment, cutters 30 are
formed from the same base polymer that is used to form balloon 14, or from a base
polymer having a similar composition as that of the base polymer. Cutters 30
should, of course, have sufficient strength and rigidity to break down vascular
restrictions encountered upon the introduction of the balloon into a body vessel, as

discussed hereinafter.
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[0023]  Cutters 30 are arranged along the outer surface of balloon 14 in a
manner that that enables the cuiters to break down vascular restrictions. Such
restrictions commonly comprise arterial plaque, although in more severe cases the
restrictions may comprise hardened calcified lesions in the blood vessel. Ina
preferred embodiment, the cutters are arranged in the manner shown in the figures.
That is, there are four substantially equally-spaced rows of cutters. The four rows
of cutters are disposed parallel to the longitudinal axis of the balloon catheter
assembly 10, and are equally spaced approximately 90° apart along the outer
circumference of the balloon. Each row of cutters preferably includes a plurality
of individual cutters 30 arranged in a longitudinal row as shown.

[0024]  The configuration shown in the drawings and described herein is
exemplary only, and those skilled in the art will appreciate that more, or fewer,
rows of cutters may be provided. In addition, the rows need not necessarily be
equally spaced along the outer circumference of the balloon. Similarly, each row
need not include three cutters as shown in the figures, and may include more, or
fewer cutters.

[0025]  Preferably, each row will include a plurality of discrete cutters as
shown, rather than a single elongated cutter that spans most, if not all, of the
length of balloon main body 16. The presence of a plurality of aligned cutters as
shown and described allows the balloon to more easily bend, or flex, during
insertion, or as the balloon traverses tortuous bodily passageways. Thus, the
trackability of a balloon having the multiple cutters is enhanced, when compared
to a balloon having a single elongated cutter. In addition, the lack of flexibility of
a balloon having a single elongated cutter increases the risk of disengagement of
the cutter as the balloon traverses these passageways.

[0026]  As a further variation, the cutters need not be aligned in parallel fashion
along a row. Rather, for example, some of the cutters can be arranged as shown,
and others may be aligned at any angle to them, such as perpendicular.
Furthermore, the cutters need not be arranged in parallel rows as illustrated in the
figures. Rather, the cutters can be arranged in any one of an infinite number of
configurations along the circumference of the balloon. However, for ease of

6
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manufacturing and use, and for versatility in cutting ability, the arrangement
shown in the figures is preferred.

[0027]  The cutters 30 are best shown in Figs. 6 and 7. Cutters 30 preferably
include opposing base portions 32 and converging body portions 34. Body
portions 34 converge to meet at sharp edge 35. The cutters may generally be
formed by techniques well known in the art, such as by molding or extrusion.
Preferably, the cutters are formed such that the corners or edges 36 are curved, as
best shown in Fig. 7. This configuration eliminates the presence of sharp corners
or edges, thereby minimizing the possibility of inadvertently cutting the artery
during insertion.

[0028]  The cutters 30 may be attached to balloon cylindrical body surface 16
by any well-known method utilized in the medical arts for joining components.
Preferably, the cutters are bonded to the outer surface of balloon 14. Heat bonding
is a particularly preferred technique that may be used for forming a strong bond
between polymeric compositions. Heat bonding is a well-known technique, and
those skilled in the art can readily determine appropriate conditions upon which a
particular bonding operation may be carried out. One particularly preferred heat
bonding technique is laser-welding of the cutter to the outer balloon surface.
Other techniques suitable for a particular bonding operation include, but are not
limited to, adhesive bonding and/or solvent bonding. When bonding techniques
such as adhesive and/or solvent bonding are carried out, those skilled in the art
will appreciate that only biologically compatible materials should be used. Other
known attachment means may be used in place of, or in combination with,
bonding. As another alternative, the cutters may be bonded or otherwise attached
to the balloon during the process of forming the balloon. As still another
alternative, balloon 14 can be formed with integral cutter portions 30.

[0029]  As stated, the cutters 30 and the balloon 14 are formed from the same or
a similar polymer in a preferred embodiment of the invention. When the same or
similar polymers are utilized for the balloon and the cutters, the bonding of such
polymers will normally result in a very favorable and strong seal therebetween. In
addition, when the cutters are formed of the same or a similar polymer as the
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balloon, the cutters have the ability to expand as the balloon is expanded, i.e.,
during inflation of the balloon.

[0030] Although it is preferred to utilize the same or a similar polymer for the
cutters and the balloon, it is not necessary to do so. Rathet, any compositions for
the respective cutters and balloon that are suitable for the intended purpose may be
substituted, as long as the respective compositions are sufficiently compatible such
that the cutters may be securely bonded or otherwise attached to the outer
circumference of the balloon. Although preferred, it is not necessary that the
cutter even be formed from a polymer, and other compositions, such as metals,
alloys (including shape memory alloys), composites, etc., may be appropriate for a
particular usage. Those skilled in the art may readily select an appropriate
composition for a particular application in accordance with the teachings of the
present invention.

[0031] In addition, although it is preferred to provide cutters 30 having
opposing base portions 32 and converging edges 34 as shown in Figs. 6 and 7, the
cutters need not necessarily have this configuration. Rather, for example, at least
some of cutters need only have a single base, with one or more walls leading from
the base to a cutting edge. As a still further alternative, cutters 30 need not even
have a base and/or a wall, and the cutting edge can be adhered directly to the
balloon surface. Nevertheless, for ease of operation, securement of bonding,
enhanced trackability or bendability, etc., it is preferred to utilize the cutter
configuration shown in Figs. 6 and 7.

[0032] During use of balloon catheter assembly 10 in a balloon angioplasty
procedure, the balloon 14 is initially wrapped around catheter shaft 12 in its
uninflated condition, as illustrated in Figs. 4 and 5. As shown in Fig. 5, sharp
edges 35 of respective cutters 30 are shielded or otherwise covered by balloon
folds 17. As aresult, edges 35 are not exposed to the portions of the vessel that
are traversed during the introduction of assembly 10 into the vessel. In addition,
this arrangement protects medical personnel by reducing the possibility of

inadvertent contact with a sharp cutter edge.
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[0033]  Those skilled in the art recognize that there are many ways in which a
balloon catheter assembly may be introduced into a blood vessel, and accordingly,
the inventive balloon catheter assembly 10 may be introduced in any of these well
known ways. Preferably, the assembly is introduced over a wire guide that has
previously been inserted into a vessel using, e.g., the well-known Seldinger
percutaneous entry technique. A suitable guide catheter (not shown) may be
introduced over the wire guide to provide a conduit for safe passage of the balloon
catheter assembly to the site requiring treatment. Assembly 10 may then be
advanced over the wire guide and through the guide catheter until the area of a
vascular restriction, such as a hardened lesion, is encountered. The balloon
portion of the assembly exits the distal end of the guide catheter and passes info
the area of the restriction.

[0034]  Proper position of the balloon, and thus the cutters, may be verified
under a suitable imaging technique, such as x-ray fluoroscopy. In order to
facilitate visualization, the catheter shaft may be provided with one or more
radiopaque markers in conventional fashion. Although the markers may be spaced
at any desired location along the shaft, it is preferred to position them on the
portion of the shaft inside of the balloon. Following verification of proper
placement, balloon 14 may be inflated by well-known means. Inflation of the
balloon causes the sharp edge 35 of respective cutters 30 to engage and thereby
break down the restriction. The balloon may be deflated and re-inflated one or
more additional times if desired. The assembly may also be rotated prior to re-
inflation such that additional segments of the restriction may be directly engaged
by the cutters.

[0035] Following breakdown of the restriction, the balloon is deflated such that
it returns to the general shape illustrated in Fig. 5. The balloon catheter assembly
may then be retracted over the wire guide, through the guide catheter, and
removed from the vessel.

[0036] It is therefore intended that the foregoing detailed description be

regarded as illustrative rather than limiting, and that it be understood that it is the
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following claims, including all equivalents, that are intended to define the spirit

and scope of this invention.
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CLAIMS

1. A balloon catheter assembly, comprising:

an elongate catheter shaft having a proximal portion and a distal portion;

an inflatable balloon secured to said distal portion of said catheter shaft;
and '

a plurality of cutters disposed along an outer surface of the balloon, said
cutters being shielded by folds of the balloon when said balloon is in an uninflated
condition, and being arranged and configured to facilitate breakdown of a vascular
restriction when said balloon is in an inflated condition, said cutters being fixedly
engaged with said outer surface of said balloon.

2. The balloon catheter assembly of claim 1, wherein at least some of
said cutters are disposed in respective generally parallel longitudinal rows along
said balloon outer surface.

3. The balloon catheter assembly of claim 2, wherein said cutters are
disposed in at least three generally parallel longitudinal rows along said balloon
outer surface.

4. The balloon catheter assembly of claim 2, wherein said cutters are
disposed in four generally parallel longitudinal rows along said balloon outer
surface, said rows being spaced at substantially 90 degree intervals along said
outer surface.

5. The balloon catheter assembly of claim 3, wherein each row
includes at least three longitudinally-aligned cutters.

6. The balloon catheter assembly of claim 5, wherein said cutters are
substantially equally spaced along said row.

7. The balloon catheter assembly of claim 3, wherein said cutters
include a base portion in fixed engagement with said balloon outer surface.

8. The balloon catheter assembly of claim 7, wherein said base portion
comprises two base segments engaged with said balloon outer surface, said cutters

further comprising a respective converging body portion extending radially from
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each of said base segments, said respective converging body portions configured
and aligned to meet to define a cutting edge. |

9. The balloon catheter assembly of claim 8, wherein said cutting
edges have an elongated cutting surface and have a curved surface at an axial edge
of said cufting surface.

10.  The balloon catheter assembly of claim 3, wherein said balloon
comprises a polymer, said polymer selected from the group consisting of
polyamides, polyethylene terephthalate, polyether block amides, and blends of the
foregoing.

11.  The balloon catheter assembly of claim 1, wherein said elongate
catheter has a lumen longitudinally extending therein, an interior space of said
balloon being in fluid communication with said lumen for receiving an inflation
fluid therefrom.

12.  The balloon catheter assembly of claim 3, wherein said cutters are
formed from the same polymer as the balloon, and said cutters are heat bonded to
said balloon outer surface.

13.  The balloon catheter assembly of claim 4, wherein said balloon
comprises a polymer selected from the group consisting of polyamides,
polyethylene terephthalate, polyether block amides, and blends of the foregoing,
and said cutter comprises a polymer capable of fixed engagement with the outer
surface of said balloon by heat bonding, each of said cutter rows including at least
three longitudinally-aligned cutters substantially equally spaced along said row.

14.  The balloon catheter assembly of claim 3, wherein said balloon
comprises a noncompliant balloon having a generally cylindrical configuration
upon inflation.

15. A method for breaking down a restriction in a blood vessel of a
patient, comprising:

providing a balloon catheter assembly for insertion into said vessel, said
balloon catheter assembly comprising an elongate catheter shaft and an inflatable
balloon secured to a distal portion of said catheter shaft, said balloon having a
plurality of cutters fixedly disposed in respective generally parallel longitudinal

12
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rows along an outer surface of said balloon, said cutters being shielded by folds of
the balloon when said balloon is in an uninflated condition, and being arranged
and configured to facilitate a breakdown of said restriction when said balloon is in
an inflated condition;

inserting the distal end of the balloon catheter assembly into said vessel,
and advancing the assembly in the vessel with the balloon in an uninflated
condition until said uninflated balloon reaches said restriction;

inflating the balloon such that said cutters penetrate said restriction;

deflating said balloon; and

withdrawing said balloon catheter assembly from said vessel.

16.  The method of claim 15, wherein said cutters are disposed in at least
three generally parallel longitudinal rows along said balloon outer surface, each of
said rows comprising at least three cutters, said rows being spaced at substantially
equal intervals along said outer surface.

17.  The method of claim 15, wherein said inflating and deflating steps
are repeated at least one additional time prior to withdrawing the balloon catheter
assembly from the vessel.

18.  The method of claim 17, wherein said assembly is rotated prior to
said at least one additional step of inflating and deflating.

19.  The method of claim 15, wherein said assembly is inserted into the
vessel utilizing the Seldinger technique.

20.  The method of claim 15, wherein said balloon and said cutters are
formed from a polymer, and said cutters are heat bonded to said balloon outer

surface.
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