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CUTTING BALLOON BASKET

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priorty to Provisional Application No.

o

52/654,756, filed Apud 9, 2018, the enture disclosure of which is hereby incorporated

g4

by reference.

TECHNICAL FIELD
The disclosure 1s directed to angioplasty balloon catheters including one ormore
cutting blades mounted to the balloon. More particulardy, the disclosure is directed to

10 cutting blades of a cutting balloon catheter having a basket.
BACKGROUND

A wide vancty of mntracorporcal medical devices have boon developed for
medical use, for example, surgical and/or intravascular use. Some of these devices
inchide guidewires, catheters, medical device delivery systems (¢ g, for stents, grafts,

15 replacement valves, etc.), and the like. These devices are mamufactured by any one of
a vanety of different manufactunng methods and mayv be used according to any ong of
a variety of methods. There is an ongoing need to provide alternative medical devices

as well as alternatve methods for manufacturing and/or using medical devices.

SUMMARY
20 The disclosure 13 directed to several altemative designs, matenals and methods
of manufacturing medical device structures and assemblies, and the use thercof.
in a fust example, a balloon catheter may comprise a catheter shaft, annflatable
balloon secured 1o a distal portion of the catheter shafl, the mflatable balloon including

one or more channels formed in an outer surface thereof, an expandable frame disposed

[
L

over the balloon and at least in part within the one or more channels, the expandable
frame comprising a plurality of struis cach having proximal section, a distal soction,
and an infermediate section, wherein the proximal section is pivotably coupled o the
mtermediate section and the distal section 18 pivotably coupled to the mtermediate
section, and one or more cuiting members coupled to the expandable frame.

30 In another example, a balloon catheter may comprise a catheter shatt, an
inflatable balloon secured to a distal portion of the catheter shaft, an expandable frame

disposed over the balloon, the expandable frame comprising a plurality of struts each
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having prosamal section, a distal section, and an intermediate section, wherein the
proximal section is pivotably coupled to the inteomediate section and the distal section
is pivotably coupled to the mtermediate section, and one or more cuiting moembers
coupled o the expandable frame.

Alternatively or additionally to any of the examples above, 1 another example,
a plurality of elastomeric bands are circumferentially surrounding the expandable frame
at longitudinally spaced apart locations along the balioon.

Alternatively or additionally to any of the examples above, i another example,
the plorality of elastomeric bands are in tension when the balloon is in a fully deflated
configuration,

Alternatively or additionally 1o any of the examples above, in another exarmple,
the plurality of elastomeric bands apply a radially inward force on the plurality of strots
to press the plurality of siruts against an outer surface of the balloon.

Alematively or additionally to any of the examples above, 1o another example,
cach strut of the plurality of struts may include two or more cutting members.

Alternatively or additionally to any of the examples above, i another example,
the onc or more culting members may be coupled to the intermediate section of the
expandable frame.

Alternatively or additionally to any of the examples above, 1 another example,
a distal end of the proximal section of the expandable frame may comprise at feast one
hook configured to pivotably coupie with at least one aperture formed in the
mtermediate section.

Alternatively or additionally to any of the examples above, i another example,
a proxamal end of the distal section of the expandable frame may comprise at least ong
aperture configured o pivotably couple with at least ome hook formed i the
mtermediate section.

Altematively or additionally to any of the examples above, in another example,
cach intermediate section of the plurality of struts may have one or more mounting
modules configured 1o receive the one or more cutting members.

Alternatively or additionally to any of the examples above, i another example,
the intermediate section may comprise two or more links pivotably coupled together.

Alternatively or additiorally 1o any of the exaniples above, in another example,

gach link of the two or more links may comprise a first end having a first coupling

[
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mechaniam, a second end having a second coupling mechanism, and an intermediate
region defining a channel for receiving a cutting mewmber thercin.

Alternatively or additiorally 1o any of the exaniples above, in another example,
the first coupling mechanism may comprise an aperture.

Alternatively or additionally to any of the examples above, 1 another example,
the second coupling mechanism may compiise a hook.

Alematively or additionally to any of the examples above, 1o another example,
the hnk may be mechanically deformed to secure the cutting member within the
channel.

Alternatively or additiorally 1o any of the exaniples above, in another example,
the mtermediate section comprises two or more rails pivotably coupling adjacent
mounting modeles together,

Altematively or additionally to any of the examples above, in another example,
the rait has a widih less than a width of the mounting modules.

Ahematively or additionally to any of the examples above, in another exanple,
the cutting member may be adhesively secured to the link.

<

Alternatively or additiorally 1o any of the exaniples above, in another example,

N

the expandable frame may be secured to the catheter shaft adjacent to a proximal end
of the expandable frame.

Altematively or additionally to any of the examples above, in ancther example,
the balloon catheter may further comprise a bumper secured to the catheter shaft distal
to a distal end of the expandable frame.

Alternatively or additionally to any of the examples above, i another example,
a depth of the ong or more channels may be equal o or less than a thickness of the
plurality of siruts of the expandable frame.

Alternatively or additionally to any of the examples above, 1 another example,
the links may be pivotably coupled via a rail.

Alematively or additionally to any of the examples above, 1o another example,
the links and the rail may form a monolithue structure,

Alternatively or additionally to any of the examples above, i another example,
the ratl may have a width less than a width of the links,

Alternatively or additiorally 1o any of the exaniples above, in another example,

the balloon may melude one or more channels formed 1n an outer surface thereof.

[FS]
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Alternatively or additionally to any of the examples above, i another example,
at feast a portion of the cxpandable frame may be disposed within the one or more
chanuoels.

Alternatively or additionally 1o any of the examples above, in another exarmple,
the cutting member may be adhesively scoured to the expandable frame.

Altematively or additionally to any of the examples above, in ancther example,
at least one of a proximal end region or a distal end region of the expandable frame may
mehide a collar.

Alternatively or additionally to any of the examples above, in another example.
the collar may 1nclude a helical cut extending from an outer surface to an inner surface
ofthe collar.

Alternatively or additionally to any of the examples above, 1 another example,
the collar inchudes a first end region, a second end region, and an indermediate region
between the first and second ond regions. The ntermediate region mehudes a helical
cut. The first end region is fixedly secured to the catheter shaft and the second end
region is axially slidable relative to the catheter shatt. Ends of the plurality of struts are
fixedly securcd to the second end rogion of the collar.

In another example, a balloon catheter may comprise a catheter shatt, an
nflatable balloon secured to a distal portion of the catheter shaft, the wflatable balloon
mciuding one or more channels formed in an outer sarface thereof and an expandable
frame disposed over the balloon and at least 1 part withue the one or more channels.
The expandable frame may comprise a proximal section having a proximal collar and
a phurality of strots extending distally from the proximal collar, a distal section having
a distal coliar and a plurality of struts extending proximally from the distal collar, an
micrmediate section having a plurality of struts extending between the proximal section
and the distal section, and at least one cutting member coupled to cach strut of the
plurality of struts of the mtermediate section. The wntermediate section may be pivotably
coupled to the plurality of struts of the proxamal section and pivotably coupled to the
plurality of struts of the distal section. At least one of the proximal collar or distal collar
may be fixedly secured to the catheter shaft and the other of the proximal collar or distal
collar may be axially slidable along the catheter chaft.

Alternatively or additiorally 1o any of the exaniples above, in another example,
gach strut of the phurality of strots the intermediate section may comprise two of more

links pivotably coupled to one another.
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Alternatively or additionally to any of the examples above, i another example,
cach link of the two or more links may comprise a first end having a first coupling
mechanism, a sccond end having a second coupling mechanism, and an intermediate

region defiming a channel for receiving a cuttimg member therem.

o

Alternatively or additionally to any of the examples above, 1 another example,
cach strut of the plurality of struts of the termediate section may comprise Iwo or
more mouniing modules, cach mounting module configured to carry a cutting member,

Alternatively or additionally to any of the examples above,
another example, a distal end of the proximal section of the expandable frame may
10 comprise at least one hook configured to pvotably couple with at least one aperture

formed n the intermediate section.

Alternatively or additionally to any of the examples above, 1 another example,
a proximal end of the distal section of the expandable frame may comprise at feast one
aperture configured to pivotably couple with at least one hook fomued i the

5 mitermediate section.

In another example, a balloon catheter may comprise a catheter shaft, an
inflatable balloor sccured 1o a distal portion of the catheter shaft, and an cxpandable
frame disposed over the balloon. The expandable frame may comprise a proximal
coliar, a distal collar, a phurality of struts extending betweon the proximal collar and the

20 distal collar, the plurality of struts including a proximal end region, a distal end region,
and an udermediate region disposed therebetween and at least one cutting member
coupled to each strat of the plurality of struts. The intermediate region may be pivotably
coupled to the proximal end region and pivotably coupled to the distal end region and
at feast one of the proximal collar or distal collar may be fixedly secured to the catheter

25 shaft and the other of the proximal collar or distal collar 1s axially shidable along the
catheter shaft.

Altematively or additionally to any of the examples above, in ancther example,
cach strut of the plurality of stnits may comprise two or more hinks prvotably coupled
to one another.

30 Alternatively or additionally to any of the examples above, i another example,

each strut of the plurality of struts may comprise a monolithic structire,

Alternatively or additiorally 1o any of the exaniples above, in another example,
gach strut of the plarality of struts may comprise two or more mounting modales, cach

mounting module configured to camry a cuiting member,
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Alternatively or additionally to any of the examples above, i another example,
a distal end of the proximal end region of the struts may comprise at least one hook
configured o pivotably couple with at least one aperture formed m the intermediate
section.

Alternatively or additionally to any of the examples above, in another example,
a proximal end of the distal end region of the struts may comprise at least one aperture
configured to pivotably couple with at [cast one hook formed in the imtermediate
section.

In ancther example, a balloon cathefer includes a catheter shaft, an inflatable
balloon sccured to a distal portion of the catheter shaft, and an cxpandable frame
disposed over the balloon. The expandable frame mclodes a proxamal collar positioned
at a proximal end of the balloon, a distal collar positioned at a distal end of the balloon,
a plurafity of struts extending between the proximal coliar and the distal collar, and at
least one cutting member coupled to cach strut of the plurality of stnts. The plurality
of struts meluding a proximal end region, a distal end region, and an micrmediale region
disposed therebetween. The intermediate region is pivotably coupled to the proximal
end region and pivotably coupled to the distal cod region. A fust one of the proximal
collar and distal collar includes a portion fixedly scoured 1o the catheter shaft and a
second one of the proximal collar and distal collar meludes a portion axially shdable
relative to the catheter shaft.

Alematively or additionally to any of the examples above, 1o another example,
each strut of the plurality of struts comprises a monolithic structure.

Alternatively or additionally to any of the examples above, i another example,
the socond one of the proximal collar and distal coliar includes an intermediate region
having a helical cut extending through a sidewall thereof, the intermediate region
posttioned between a first end region and a second end region thereof,

Altematively or additionally to any of the examples above, in another example,
the first end region 1s fixedly secured to the cathcter shaft and the sccond end region is
axially shidably relative to the catheter shaft.

Alternatively or additionally to any of the examples above, i another example,
an axial length of the intermediate region changes when the second end region axtally
stides relative to the catheter shaft.

Alternatively or additionally to any of the examples above, 1 another example,

ends of the plurality of struts are affixed to the second end region. In ancther example,
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a balloon catheter may comprise a catheter shaft, an mflatable balloon secured to a distal
portion of the catheter shafl, the inflatable balloon including one or more chaonels
formed mn an outer surface thereof, and an expandable frame disposed over the balloon
and at least v part within the one or more channels. The expandable frame may
comprise a proximal section having a proximal collar and a plurality of strots extonding
distally from the proximal collar and cach singt having a coupling mechanism
positioned adjacent to a distal end thereof, a distal section having a distal collar and a
phurality of struts extending proximally from the distal collar and cach strut having a
coupling mechanism positioned adjacent to a proximal end thercof, an intermediate
section having a plurality of stouts extending between the proximal section and the distal
section, each strut having a first coupling mechanism positioned adiacent o a first end
and configured to engage the coupling mechanmism of the proximal section and a second
coupling mechanism positioned adjacent to a second end and configured to engage the
coupling mechanism of the distal section, and at least one cutting member coupled to
gach strut of the plurality of struts of the intermediate section.

The above summary of some embodiments, aspects, and/or examples is not
miended to describe cach embodiment or every uunplementation of the present
disclosure. The figures and the detailed deseription which follows more particolardy

excmphify these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The aspects of the disclosure may be more completely understood m
consideration of the following detailed description of varicus embodiments i
connection with the accompanying drawings, in whick

FIG. 1 s partial cross-sectional view of an exemplary cutting balloon catheter
disposed in a blood vessel;

FIG. 2 is a perspective view of an itiusteative cutting balloon catheier:

FIG. 3 15 a perspective view of an iHlustrative expandable frame for use with the
cuttimg balloon;

FIG. 4 19 another perspective view of an illusirative balloon catheter;

FIG. 5 15 a cross-sectional view of the illustrative balloon catheter of FIG. 2
taken at line 2 — to of FIG. 2;

FIG. 615 a perspective view of an illustrative link for use m expandable frame

of Fi(z. 3;
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FIG. 6A 13 a cross-sectional view of the illustrative link of FIG. 6 taken at ine
HA-GA;
F1G. 7 15 a perspective view of another ilfustrative expandable frame for use

with the cutting balloon;

o

FIG. 8 1s a perspective view of an illastrative strat of the expandable frame of
FIG.

~

FIG. 9 15 a perspective view of another illustrative cutting balloon catheter;
FIG. 10 is a perspective view of another ihustrative expandable frame for use
with the autting balloon catheter;
10 FIG. 11 is an enlarged porspective view of the proxumal end region of the
ilustrative expandable frame of F1G. 10;
FIG. 12 is a cross-sectional view of the illustrative expandable frame of F1G. 10
taken at ine 12-12;
FIG. 13 15 a perspective view of another ilustrative expandable frame for use
5 with the cutting balloon catheter; and
FIG. 14 15 an enlarged perspective vigw of the proximal end region of the
illustrative expandabie frame of FIG. 13,
While the aspects of the disclosure amenable to various modifications and
alternative forms, specifics thercof have been shown by way of example in the drawings
20 and will be desoribed in detail. It should be understood, however, that the infention is
not to bt aspects of the disclosure to the particular embodiments desernibed. On the
contrary, the intention 18 to cover all modifications, equivalents, and alternatives fallng

within the spirit and scope of the disclosure.

DETAILED DESCRIPTION

N2
o

The following description should be read with reference to the drawings, which
arc not necessaridy to scale, wherein bike reforence vumerals indicate fike clements
throughout the several views. The detadled description and drawings are mitended to

dlastrate but not limit the claimed mvention. Those skilled o the art will recognize that

3]
fo)

the various elements described and/or shown may be arranged in various combinations
and configurations without departing from the scope of the disclosure. The detailed
deseription and drawings illustrate example embodiments of the claimed nvention.

However, in the interest of clarity and case of understanding, while every feature and/or
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clement may not be shown in each drawing, the feature(s) and/or clement{s) may be
understood to be present regardiess, unless otherwise specified.

For the following defined teoms, these definttions shall be applied, unless a
different definition 1s given 1n the claims or elsewhere 1 this speaitfication.

Al numeric values are herein assumed to be modified by the term “about”,
whether or not explictly indicated. The term “about” generally refers o a range of
numbers that one of skl 1 the art would consider equivalent to the recited value (1.¢,
having the same function or resulty. In many mstances, the term “about” may be
mdicative as including numbers that are rounded to the nearest significant figure,

The recitation of mmerical ranges by endpoints includes all numbers within
that range (¢.g., 1 to S includes 1, 1.5,2,2.75, 3, 3.80, 4, and 5}.

Although some suitable dimensions, ranges and/or values pertaining to various
components, foatures and/or specifications are disclosed, one of skill in the art, meited
by the present disclosure, would voderstand desired dimensious, ranges and/or values
may deviate from those expressly disclosed.

As used m this specification and the appended claims, the smgular forms “a7,
“art”, and “the” nclude plural reforents uniess the contend clearly dictates otherwise.
As used m this speaification and the appended claims, the term “or” is generally
employed m ifs sense mchiding “and/or” unless the content clearly dictates otherwise.

Relative terms such as “proxamal”, “distal”, “advance”, “retract”, variants
thercof, and the bke, may be generally considered with respect to the positioning,
direction, and/or operation of varnous elements relative to a usev/operator/manipulator
of the device, wherein “proximal™ and “retract” indicate or refer to closer to or toward
the user and “distal” and “advance™ indicate or refer to farther from or away from the
user. fn some mstances, the terms “proximal” and “distal” may be arbitrarily assigned
in an effort to facilitate understanding of the disclosure, and such mstances will be
readily apparent to the skilled artisan.  Other relative terms, such as “upstream”,
“downstream”, “imflow”, and “outflow” refor to a direction of flmd flow within a
fumen, such as a body lumen, a blood vessel, or within a device. Suill other relative
tgrms, such as “axial”, “circumferential”, “longitudinal”, “lateral”, “radial”, ¢te. and/or
vanants thereof generally refer to direction and/or orientation relative to a central
longitudinal axis of the disclosed structure or device,

Heart and vascolar disease are major problems in the United States and

throughout the world.  Conditions such as atherosclerosis result i blood vessels

G
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becoming blocked or narrowed. This blockage can result n lack of oxygenation of the
heart, which has siguificant couscquences since the heart musele must be well
oxygenated in order to matniain its blood purniping action, or lack of oxygenation and/or
circulation to other regions of the body.

Occluded, stenotic, or narrowed blood vessels, as well as native or synthetic
arteriovenous dialysis fistulae, may be treated in a recanalization procedure, such as
with an angioplasty balloon catheter advanced over a guidewire to an occlusion so that
the balloon is positioned across the occlusion. The balloon s then inflated to enlarge
the passageway through the occlusion.

Une of the major obstacles m treating coronary arfery disease and/or treating
blocked blood vessels or fistulae 18 re-stenosis or re-narrowing of the passageway
through the occlusion subsequent to an angioplasty procedure or other recanalization
procedure. BEvidence has shown that cutting or scoring the stenosis, for example, with
an angioplasty balloon cquipped with a cutting cloment, during treatioent can reduce
mcidence of re-stenosis.  Addiionally, cutting or scormg the sienosis may reduce
trauma at the treatment site and/or may reduce the travma to adjacent healthy tissue.
Cutting clements may also be beneficial additions to angioplasty procedures when the
targeted occlusion is hardened or caleified. It s bebieved typical angioplasty balloons,
alone, may not be able to expand certain of these hardened lesions. Thus, angioplasty
balloons equipped with cutting elements having cutiing edges have been developed to
attenpt to enhance angioplasty treatments. Depending on the level of plaque (thickness
and length} 1o peripheral vessels it may be difficult for a physician to expand the intermnal
diameter of the vessel sufficiently to successfully restore blood flow. The compliance
of the vessel may need to be mproved such that an inflated baloon will cause an
expansion 1o the intemal diameter of the vessel that will remain after the balloon s
removed.

Accordingly, there s an ongoing need for improved cotting elements, such as
cutting blades, and methods of mounting cutting elements onto an nflatable angioplasty
balioon of an angioplasty balloon catheter which creates long, continuous distuptions
in the plague that creates a plane for the lesion to crack when the balloon 1s mflated.
Namely, it would be desirable to provide a cutting member for use with an angioplasty
balloon that will create a long cutting plane when the balloon 1s inflated.

FIG. 1 18 a partial cross-sectional side view of an iflustrative catheter 10

disposed i a blood vessel 12 and positioned adjacent to an wntravascular lesion 14, The

16
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catheter 10 may inchude abalioon 16 coupled (o a catheter shaft 18, One or more cutting
members or blades 20a, 20b, 20c¢ {collectively, 20} may be mounted on the balloon 16,
in some cases, the one or more cutting members 20 may be mounted on an expandable
frame or basket 36 which, in tum, may be coupled to the balloon 16 and/or catheter
shaft 18, In general, the catheter 10 may be advanced over a guadewire 22, through the
vasculature, to a target arca. Ongce positioned at the target focation in the vasculaturg,
the balloon 16 can be mflated to exert a radially outward force on the lesion 14, as the
cutting members 20 engage the lesion 14, Thus, the cutting members 20 may cut or
score the lesion 14 to facilitate endarging the huen proximate the lesion 14, The target
arca mav be within any suitable peripheral or cardiac vessel lumen location.

The balloon 16 may have a length 10 the range of about 60 to 140 mithmeters
{mm}, about 80 to 120 mum, or about 100 mm. In some instances, the balloon 16 may
have an outer diameter in the range of about 4 t¢ 12 mm, about 6 to 10 nun or abowt 8
mm.

The cutting members 20 may vary 1o number, position, and arrangement about
the balloon 16, For exampie, the catheter 10 may mclude one, two, three, four, five,
sy, or more cutting mombers 20 that are disposed at any position along the balloon 16
and 1 a regular, wregular, or any other suitable pattern.  For example, in some
embodiments the balloon 16 may melude a plumslity of cutting members 20
longitadinally arranged symmetrically arouvnd the circomference of the balloon 16

The cutting members 20 may be made from any suitable matenal such as a
metal, metal alloy, polymer, metal-polymer composite, and the bke, or any other
suitable matenial. For example, cutbing members 20 may be made from stainiess steel,
fitanium, nickel-titanium alloys, tantalum, tron-cobakt-nickel alloys, or other metallic
materials in some mstances.

The balloon 16 may be made from typical angioplasty balloon matenals
mciuding polyvmers such as polyethyiene terephthalate (PET), polyvietrafluoroethyiene
(PTFE), othvlene tetmafluorocthylence (ETFE), polybutviene terephthalate (PBT),
polvurethane, polyvinvichionde (PV(), polvether-ester, polvester, polyamude,
clastomenc polyamudes, polyether block amide (PEBA), as well as other switable
materials, or nuxtures, combinations, copolymers thereof, polymer/metal composites,
and the like. In some instances, the balloon 16 may nclude a single layer of material,

whereas in other instances the balloon 16 may be of a malti-laver construction,

1
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mehiding a plurality of layers of matenals. For instance, the balloon 16 may be formed
as a co-extrusion or tri-layer extrusion in some instances.

The balloon 16 may be configured so that the balioon 16 includes one or more
“wings~ or wing-shaped regions when the balloon 16 1s deflated. In some mstances,
the wings may be configured so that the cutting members 20 can be positioned at the
mward-most positions of the deflated balloon 16, with the wings of the balloon folds
posttioned between adjacent cutting members 20, This arrangement may reduce the
exposure of the cutting members 20 to the blood vessel daring delivery of the balloon
16 to the fesion 14,

The shaft 18 may be a catheter shaft, similar to tvpical catheter shafis. For
example, the catheter shaft 18 may mchude an outer tubular member 26 and an inner
tubular member 24 extonding through at least a portion of the outer tubular member 26
The tubular members 24, 26 may be manufactored from a number of different materials.
For example, the tubular members 24, 26 may be made of metals, metal allovs,
polvmers, metal-polymer composites or any other suitable materials.

The tobular members 24, 26 may be arranged in any appropriate way. For
example, 10 some embodiments the inner tubular member 24 can be disposed coaxially
within the outer tubular member 26, According to these embodiments, the joner and
outer tubular members 24, 26 may or may not be secured to one anocther along the
general longitudinal axis of the catheter shaft 18, Alternatively, the mner tubular
member 24 may folow the mner wall or otherwise be disposed adjacent the ioner wall
of the outer tubular member 26, In other embodiments, the tubular members 24, 26
may be arranged 1n ancther desired fashion.

The inner tubular member 24 may nclude an tnner lumen 28, o at least some
embodiments, the inmer lumen 28 is a guidewire lumen for receiving the guidewire 22
therethrough. Accordmgly, the catheter 10 can be advanced over the gaidewire 22 to
the desired location. The guwdewire lomen 28 may extend along essentially the entire
length of the catheter shaft 18 such that catheter 10 rescmbles traditional “over-the-
wire” catheters. Alternatively, the gudewire lumen 28 may extend along only a portion
of the catheter shaft 18 sach that the catheter 1) resembies “single-operator-exchange”
or “rapid-exchange” catheters.

The catheter shaft 18 may also mehide an wflation lumen 30 that may be used,
for example, to transport inflation mediato and from the balloon 16 to selectively mflate

and/or deflate the balloon 16, The location and position of the mflation lumen 30 may
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ary, depending on the configuration of the tabular members 24, 26, For example,
when the outer tubular member 26 surrounds the inver tubular member 24, the inflation
fumen 30 may be defined within the space between the tubular members 24, 26, In
embodiments in which the outer tubular member 26 is disposed alongside the mner
tubular member 24, then the nflation lumen 30 may be the tumen of the outer tubular
member 26

The balloon 16 may be coupled to the cathetor shaft 18 in any of a nuraber of
suitable ways. For example, the balloon 16 may be adhesively or thermally bonded to
the catheter shaft 18, In some embodiments, a proximal waist 32 of the balioon 16 may
be bonded to the catheter shaft 18, for example, bonded to the distal end of the outer
tubular member 26, and a distal waist 34 of the balloon 16 may be bonded to the catheter
shaft 18, for example, bonded to the distal end of the nner tobular member 24, The
exact bonding positions, however, may vary.

FIG. 2 sllustrates a perspective view of the tllustrative catheter 160, The one or
more cutting members 20 may be mounted relative to the balloon 16 using an
expandable frame 36. Refernng additionally to FIG. 3 which illustrates a perspective
view of the illustrative expandable frame 36, the expandable frame 36 may inelude a
plurality of struts 37a, 37b, 37¢ {collectively, 37) extending axially along a longitudinal
axis of the catheter 1} from a proximal end region 39 to a distal end region 41, Whike
the expandable frame 36 s iHustrated as haviang three stnts 37, it is contemplated that
the frame 36 may include any number of struts 37 desired, such ag, but not limited 1o,
one, two, three, four, or more. In some embodiments, the struts 37 may be configured
o be uniformly posttioned about a circumference of the balloon 16, For example, the
strats 37 may be configured to have an {or approximately} even or equal spacing
between adjacent struts 37, Alternatively, the struts 37 may be eccentrically positioned
about the circumference of the balloon 16. For example, the struts 37 may have unequal
spacing between adjacent strots 37.

The expandable frame 36 may have a proximal section 38, a distal section 40,
and an intermediate region 42, The proximal section 38 may be laser eut from a straight
hypotube to form a proximal collar 44 with a phurality of tines or arms 46a, 46b, 46¢
{not shown in FIG. 2} {(colleciively, 46) extending distally therefrom. Stmilarly, the
distal section 40 may be also be a laser out from a straight hypotube to form a distal
coliar 48 with a plumality of tines or arms 50a, 50b, 50c¢ {(not shown in FIG. 2}

{collectively, 30} extending proximally therefrom. fo other instances, the proximal
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section 38 and/or the distal section 40 mayv be cut from a flat sheet and rolled wnto the
desired shape. The proximal section 38 and/or the distal section 40 mayv be formed
from spring steel or mitino} and heat set or stress relicved 1 a collapsed configuration
{not explicitly shown). However, other materials may be used, as desired. The proxamal
section 38 and the distal section 40 of the expandable frame 36 may be moved from the
collapsed configuration nto the expanded configuration shown m FHG 2 through
expansion of the balloon 16,

The intermediate section 42 may include a plurality of struts Sda, 54b, 34¢ (not
shown in FIG. 2} {collectively, 54} configured to extend between the proximal section
38 and the distal section 40. The proxiroal section 38 may be coupled, such as pivotably
coupled, to the mtermediate section 42, Furthermore, the distal section 40 may be
coapled, such as pivotably coupled, to the mtermediate section 42, In some instances,
the proximal section 38 may include one or more hooks 63 configured to be releasably
coupled within one or more mating apertures 68 of the intermediate section 42, The
reverse configuration is also contemplated 1 which the proxamal section 3% inchides
one or more apertures configured o receive one or more mating hooks on the
mtermediate section 42, In some embodiments, the distal section 40 may include one
or more apertares 65 configured to be releasably coupled with one or more hooks 70 of
the intermediate section 42, The reverse configuration s also confemplated m which
the distal section 40 mcludes one or more hooks configured o be received within one
or mare mating aperiures on the itermediate section 42, The hooks 63, 70 and/or the
apertures 635, 68 may allow the links 52 to pivotably couple with the proximal section
38 and/or the distal section 40 which may allow the expandable frame 36 to move
betweenn a collapsed generally hincar configuration and expanded configuration
generally conforming to an outer shape of the balioon 16, For exanple, the pivotable
linkage between the proxamal section 38 and the mtermediate section 42 as well as the
pivotable hokage between the distal section 40 and the termediate section 42 may
allow the mtermediate section 42 o exiend generally paralie! 1o a longuudinal axis of
the balloon 16 while the proximal and distal section 38, 40 extend at a nonparaile] angle
i the longitudmal axis of the balloon 16

Each strut 54 may include a plurality of links 52a, 52b, 52¢ (collectively, 52)
with each link 32 carrving a cutting member 20, In some cases, the links 532 may be
releasably prvotably coupled to one another, the proximal section 38 and/or the distal

section 44, In other embodiments, the struts 34 may form a single link. Altematively,
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or additionally, the intermediate section 42 may nclude a combination of struts 34
having cither a single link or a plurality of links.

The expandable frame 36 may be secured to the balloor 16 and/or catheter shaft
18 at one end thercof. For example, the expandable frame 36 roay be fixedly secured
to the outer tubudar member 26 at or adjacent to the proximal collar 44 winle the distal
coliar 48 may be axially shidable about the inper tubular member 24 along a longitudinal
axis of the catheter 10, This may allow the expandabie frame 36 o lengthen {along the
longitudinal axis of the catheter 10} when in the collapsed configuration and shorten
when in the expanded configuration. The reverse configuration is also contemplated in
which the distal collar 48 1s fixedly secured to the inner tubular member 24 while the
proximal collar 44 s free to shide axially along the outer ibular member 26, In some
cases, both the proximal collar 44 and the distal collar 48 may be fixedly secured to the
catheter 16, In other cases, both the proximal collar 44 and the distal collar 48 may be
frec to shide relative to the catheter 10, It is further contemplated that the expandable
frame 36 may be coupled (additionally or alternativelv to the proximal and/or distal
collars 44, 48) at locations other than the proxamal or distal collars 44, 48, as desired.

in some embodiments a ramp or bumper 49 may be provided at a location
adjacent to the distal collar 48, The bumper 49 may be structured io prevent the distal
coliar 48 from catching on a vessel wall (which may result m accidental expansion of
the expandable frame 36) while navigating the catheter 10 fo the desired treatment
location. It is contoraplated that the distal collar 48 mayv butt up against a proximal end
of the bumper 49, In other embodiments, the bumper 49 may include a recess
configured to receive the distal collar 48 therem.

The mermediate section 42 of the expandable frame 36 may be configured 1o
be positioned within recesses or channels 36 formed in an outer swrface of the balloon
16. FIG. 4 illustrates a perspective view of the illustrative catheter 10 with the
expandable frame 36 removed. The channels 56 are configured to remain when the
batloon 16 s expanded. The channels 56 may be substantiallv paraliel 1o a longitudinal
axis of the balloon 16, or the channels may be arranged n other configurations. For
example, the channels 36 may be sized and shaped fo accommodate at least the
mtermediate section 42 of the expandable frame 36. If the sdermediate section 42 of
the expandable frame 36 has a helical or spiral shape, @ is contemplated that the
channels 36 may also have a helical or spiral shape such that the mtermediate section

42 may rost within the chaonel 56, In some examples, the channels 56 may have a
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tapered, or dovetail, configuration in which a base of the channel 56 13 wider than a top
opening into the channel 56 measared between oppostie side surfaces of the channel
36. This may allow the frame 36 to be slid longitudinally ingo the chanucls 36 while
Hrotting radial movement of the frame 36, such as preventing the frame 36 from being
radially removed from the channel 36 in a radbal dirgetion. Thus, the radially cutwardly
facing opening into the channel 36 through which the cutting member 20 extends
through may have a width less thag the wadth of the frame 36,

During assembly, the expandable frame 36 may be posttioned about the balloon
16 such that the intermediate section 42 {c g, struts 54} of the expandable {rame 36
aligns with the channels 56. Sccurement of the proximal collar 44 and/or the distal
coliar 48 maay prevent or lmit rotational movement of the expandable frame 36 relanve
to the balloon 16. It 13 contomplated that once deflated or upexpanded, if the
mtermediate section 42 of the expandable frame 36 becomes unaligned with the
channels 56 as the balloon 16 is expanded, the struts 54 may avtomatically fall o the
grooves 26,

In some embodiments, the expandable frame 36 may help control bulges within
the balloon 16 as the balloon 16 ts expanded. For example, it is contemplated that the
bulges may first occur at or adjacent to the channels 56, Bulges occwrning at or adjacent
to the channels 36 may provide an additional radially ootward extending force on the
cutting elements 20 to further score an adjacent lesion. It s contemplated that while
bulges may first occur at the channels 56 some bulges may then move towards the
region between adjacent struts 37 and/or to proximal or distal cones 60, 62, The
configuration of the expandable frame 36 may be selected to control how and where
bulges may occur.

In the cmbodiments llustrated, the balloon 16 may bave thrce channels 56
extending axially along the balloon 16, Anv mumber of channels 56 mav be included
in the balloon 16, For example, the balloon 16 may include the same number of

-
I
I

channels 56 as the frame 36 has struts 37, ablthough this is not required.  In some

msatances, the balloon 16 may include more chanuels 36 than struts 37 with some

~
!

channels 56 not occupied by struts 37, or the balloon 16 may include fewer channels 56

than struts 37 with some strots 37 not positioned m channels 56, The channels 56 may

be spaced apart in a manner that coincides to or matches the spacing of the struts 37 of
37

the expandable frame 36 such that the strote 37 may be at least partially positioned

within the changels 346,
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The balloon 16 may mclude a central body portion 38, the proxamal cone 60,
and the distal cone 62. The channels 56 may extend from a distal portion of the
proximal cone 60, through the body portion 38 1o a proximal portion of the distal cone

52, The chamnel 56 may be sized and shaped to allow the intermediate section 42 of

i

2

{

¢ frame 36 to hie fiat on an outer surface of the balloon 16 when the balloon {615 in

—

the expanded configuration. In some embodiments, the intermediate section 42 may
extend proximally or distally bevond the body portion 58, This may allow the proximal
section 38 and/or the distal section 40 of the expandable frame 36 to be movably (e g,
pivotably} coupled with the intermediate section 42 without placing a bending stress on
any of the proximal section 38, distal section 40 and/or intermediate section 42, R is
contemplated that the length of the channels 36 may vary depending on the stractore of
the frame 36. For example, the channels 36 need not extend an entire length of the
body portion 58 or into the proximal and/or distal cones 60, 62.

FIG. § dhustrates a cross-sectional view of the dlustrative catheter 10 taken at
fme 5-5 of FIG. 2. The balloon 16 may include three channcls 56a, 56b, S6¢
{collectively, 56} cach configured to receive a portion 42a, 42b, 42¢ of the expandable
frame 36, The channels 56 may be sized such that the cutting rmcmbers 20a, 20b, 20¢
extend radially beyond the outer diameter (in a region free of channels 56) of the body
portion 38 of the balloon 16. For example, the depth D of the channcls 56 may be
selected such that the sharpened tip or edge of the cutting members 20 extend radially
owtward bevond a maximum outer diameter of the balloon 16, This may allow the
cutting mentbers 20 to penetrate a lesion when the balloon 16 is mflated adjacent to the
leston.

In some embodiments, the channels 56 may be molded into the balloon 16 such
that the balloon 16 has a umiform wall thickness in both the channels 56 and the regions
free from the channels 36, However, it i contemplated that the channels 56 may be
formed using other methods, such as removal of material 1o the wall of the balioon 16
to form the channels 56, as desired.

FI(G. 6 18 a perspective view of an illustrative cartridge or link 52 forming a
portion of the intermediate section 42 of the expandable frame 36, The link 52 may
mehude a first or proximal end region 94, a second or distal end region 66, and an
mtermediate region 72, In some embodiments, the links 52 may be cut and beot from
a flat sheet of metal. The proxamal end region 64 of the hink 52 may mclude an aperture

68 configured to recetve a loop or hook on adjacent structure. In some cases, the
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adjacent structare may be the proximal section 38 of the expandable frame 36, the distal
section 40 of the expandable frame 36, and/or an adjacent link 52. The distal ond region
56 of the hink 52 may mehude a loop or hook 70 configured to engage an aperture on an
adjacent structure. In some cases, the adjacent structure mayv be the proxamal section 38
of the expandable frame 36, the distal section 40 of the expandable frame 36, and/or an
adjacent ok 52 For example, the link 52 may be configured to engage an adjacent link
o forn a cham of links 52 baving a plurality of pivotable hinge points between adjacent
binks 52, as shown in the intermediate secbion 42 of the expandable frame 36 in FIGS.
2 and 3. I is further comtemplated that other coupling mechanisms besides hooks and
aperfures may be used to releasably couple and/or pivotably couple adjacent links
and/or the intermediate section 42 to the proximal and/or distal section 33, 40

Refermng additionally to FIG. 6A, which ilustrates a cross-sectional view of
the thustrative link of FIG. 6 taken af ine 6A-6A, the intermediate region 72 of the link
52 may inciude a pair of U-shaped arms 74a, 74b (collectively, 74} The U-shaped arms
74w combination with the bottom wall 82 of the link 52 may defime an axally
extending channel 76 extending generally parallel to a longitudimal axis of the link 52
The channel 76 roay be configured to slidably receive a cutting member 20 thercin. A
gap or opering 78 may be defined between a top portion 80a, 80b (collectively, 80) of
the respective arma 74, The opening 78 may allow the cuthing member 20 to extend
beyvond the top portion 80 of the arms 74 in a direction generally perpendicular to the
longttudinal axis of the link 52. As deseribed herom, when the cutting member 20 15
mouvnted relanive 1o the balloon 16, the cutting member 20 may be contigured 1o extend
radially outward bevond the greatest extent of the outer diameter of the balloon 16,

in some mstances, the cutting member 26 may be secured within the chamnel 76
using a number of different techmiques mcluding, for example, adhesives, solderng,
brazing, welding, etc. In other instances, the arms 74 may be squcezed or crimped onto
the cutting member 20 to create a mechanical interiock or friction {it between the arms
74 and the cutting member 20, K is further contemplated that the arms 74 may include
a downward extending tab or hip configured to engage a groove within a mounting pad
84 of the cutting member 20, for example. As shown i FIG. 6A, a surface of the arms
74 may press against or contact a surface of the cutting member 20 to retain the cutting
member 28 1o the channel 76

As described herein, any mumber of links 52 may be coupled together to provide

a cutting member systom that will create a long cutting plane. To couple the links 52, a
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hook 70 of a first timk 52 may be looped through an aperture 68 of a second or adjacent
link 52Z. Once the hook 70 is engaged with the aperture 68, the hook 70 may be
mechanically deformed to secure the first Hnk 32 relative to the second hink 32 {n some
embodiments, 11 15 contemplated that the hook 70 may bhave a generally straight
configuration, or slightly curved configuration, prior to assembly with another link 52,
proximal section 38 of the frame 36, and/or distal section 40 of the frame 36, In such
an nstance, the hook 70 may be mechanically deformed indo the looped configuration
dlustrated 1 FIG. 6 after assembly with a corresponding aperture 63, 68,

it 1s contemplated that as any number of links 52 may be coupled together, the
expandable frame 36 may be custonizable for a variety of lengths of balloons 16. tis
further conteraplated that as the cutting elements 20 are not scoured duectly 1o the
cutting balloon 16, balges or other deformations in the balloon 16, as the balloon 16 1s
being oxpanded., may not mmpact the sccurement and/or positioning of the cutting
elemends 20, For example, as the expandable frame 36 is coupled to the balloon 16 at
one end of the frame 36 {e.g., proximal collar 44 or distal collar 48}, the opposing end
and/or the termediate strats 37 may be free to shift axially about the longitudinal axis
and/or circumforentially about the balloon 16 as necessary.

In some embodiments # may be desirable for the cutting element 20 to extend
radially beyond an outer diameter of the balloon 16 to a similar extent or degree asif it
were mounted directly to the outer surface of the balloon 16 {for example, withowut the
fimk 32} In some embodiments, the channel 56 mav have a depth D {(see, for exanwple,
FIG. 5) that 1s approximaiely equal to a thickness of the bottom wall 82 of the link 52
For example, the channel may have a depth that 13 in the range of 0.002 to about 0.006
mches {(about 0.051 mm to 0.152 mm) or about §.004 mnches {0102 mm}.

FIG. 7 13 a perspective view of another iHustrative expandable frame 1006 for
mounting one or more cutting members relative to an expandable balloon. The
expandable frarne 100 may include a plorality of struts 108a, 108b, 108¢ (collectively,
108 extending axially along a longrtudinal axis of the frame 100 from a proximal end
region 102 1o a distal end region 104, While the expandable trame 100 18 tHustrated as
having three struts 108, 1t is contemplated that the frame 100 may inclade any number
of struts 108 desired, such as, but not limiied to, one, two, three, four, or more. In some
embodimends the struts 108 may be configured to be uniformly positioned about a
circumference of a balloon. For exampie, the struts 108 may be configured to have an

{or approximately) even or ¢qual spacing between adjacent struts 108, Altematively,
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the struts 108 may be eccentrically positioned about the circamference of the balloon.
For gxample, the struts 108 may have unequal spacing between adjacent stnuts 1638,

The cxpandable frame 100 may have a proximal section 116, a distal section
112, and an mtermediate region 114, The proximal scction 110 may be laser cut from a
straight hypotube to form a proxamal collar 116 with a plurality of tines or arms 1183,
118%, 118¢ {collectively, 118} extendimg distally therefrom. Sundardy, the distal section
112 may be also be a laser cut from a straight hypotube to fonn a distal collar 120 with
a plurality of tines or arms 122a, 122b, 122¢ {collectively, 122) extending proxamally
therefrom. In other instances, the proximal section 110 and/or the distal section 112
mav be cut from a flat sheet and rolled mto the desired shape. The proximal section
P10 and/or the distal section 112 may be formed from spring steel or nitinol and heat
st or stress relieved in a collapsed configuration {(not explicitly shown}. However, other
materials may be used, as desired. The proximal section 110 and the distal section 112
of the expandable frame 100 may be moved from the collapsed configuration mio the
expanded configuration shown in FIG. 2 through expansion of the balioon 16

The mntermediate section 114 may include a phurality of struts 124a, 124b, 124¢
{collectively, 124} configured to extend between the proximal section 110 and the distal
section 112, In some mstances, the proximal section 110 may jnclude a hook or loop
126a, 126b, 126¢ {collectively, 126} adjacent (o a distal end of the tines 118 The hooks
126 may be configured o be releasably and pivotably coupled within one or more
mating apertures 128a, 128b, 128¢ {collcctively, 128} formed 1o a proxumal end region
of the struts 124 of the wmtermediate section 114, The reverse configuration is also
contemplated in which the proxamal section 110 includes one or more apertures
configured to reccive one or more mating hooks on the mtermediate section 114, In
some embodiments, the distal section 112 may include an aperture 130a, 130b, 130¢
{collectively, 130} adjacent to a proxamal end of the tines 122, The apertures 130 may
be configured to be releasably and pivotably coupled with one or more hooks or loops
132a, 132, 132¢ {collectively, 132) formed m a distal end region of the struts 124 of
the miermediate section 114, The reverse configuration 1s also contemplated in which
the distal section 112 includes one or more hooks configured to be received within one
or ruore mating apertures on the intermediate section 114, The hooks 126, 132 and/or
the apertures 128, 130 may be sinular m form and function to those described with
respect to FIGS. 3 and 6. The hooks 126, 132 and/or the apertares 128, 130 may allow

the mtermediate section 114 to pivotably coupie with the proximal section 110 and/or
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the distal section 112 which may allow the expandable frame 100 to move between a
collapsed gencrally linear configuration and expanded configuration gencrally
conforming to an outer shape of the balloon. For cxample, the pivotable linkage
between the proximal section 110 and the intermediate section 114 as well as the
prvotable hinkage between the distal section 112 and the intermediate section 114 may
allow the imtermediate section 114 to extend generally parailel to a longitudinal axis of
the balloon while the proximal and distal section 110, 112 extend at a nonparalle! angle
i the longitudmal axis of the balloon

Each strut 124 may mclude a plurality of mounting modules 134a, 134b, 134c,
134d {collectively, 134) configured to secure a cutling eloment or member 1383, 138b,
138¢, 138d {collectively, 138} to the expandable frame 100, FIG. 8 illusirates a
perspective view of an illustrative sinut 124 of the intermediate section 114, A base
member 140 may extend from a proximal end 142 to a distal end 144 of the strut 124,
The aperture 128 for receiving a hook 126 of the proximal section 110 of the expandable
basket 100 may be formed m the proximal end region 142 of the strut 124, The hook
132 for coupling to an aperture of the distal section 112 of the expandable basket 100
mav be formed 1o the distal end region 144 of the strut 124, In some emmbodiments the
configuration may be reversed in which the aperture 128 15 formed mn the distal end
region 144 of the strut 124 and the hook 132 15 formed in the proxamal end region 142
of the strat 124,

It 1s contemplated that the mounting modules 134 may be formed as a unitary
or monolithic structure with the base member 140, For example, the strut 124 may be
stamped or cut from a {lat sheet of metal and bent o form the Hustrated structure. In
other embodiments, the mounting modules 134 may be formed as separate components
that are secured fo the base merber 146, Each of the mounting modules 134 may
mnciude a pair of U-shaped arms 136a, 136b {collectively, 136}, The U-shaped arms 136
in combination with the base member of the strot 124 may define an axaally exiending
channel 146a, 146b, i46c, 1406d {colloctively, 146} extending gonerally parallel 1o a
longttudinal axis of the strut 124, Fach chammel 146 may be configured to slidably
receive a respective cutting member 138 theremn along the longitudinal axis. A gap or
opening 148a, 148h, 148¢, 1484 {collectively, 148} may be defined between a top
portion §50a, 150b {collectively, 130} of the respective arms 136, The opening 148 may
allow the cutting member 138 to extend beyond the top portion 150 of the arms 136 in

a direction generally perpendicular to the longitudinal axis of the strut 124, As
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escribed hercin, when the cotting member 138 15 mounted relative to the balloon, a
sharpened tip or edge of the cutting member 138 may be configured to extend radially
outward bevond the largest extent of the outer diameter of the balloon.

In some mstances, the cutting member 138 be sccured within the channel 145
using a number of different techniques including, for example, adhesives, soldering,
brazing. welding, eto. In other instances, the arms 136 may be squeczed or crimped onio
the cutting member 138 to create a mechanical mterlock or friction i between the arms
136 and the cotting moember 138 I 1s further contomplated that the arms 136 may
melude a downward extending tab or lip configured to cngage a groove within a
mounting pad 132a, 132b, 152¢, 152d {collectively, 152) of the cutting member 138,

The expandable frame 100 may be secured to a balloon and/or a catheter shaft
at ong end thereof. For example, the gxpandable frame 160 may be secured to the
catheter shaft at or adiacent to the proximal coliar 116 while the distal collar 128 may
be axially slidable about the catheter shaft along a longutudinal axis of the catheter. This
may allow the expandable frame 100 to lengthen (along the longitudmal axas of the
catheter) when in the collapsed configuration and shorten when in the expanded
configuration. The roverse configuration is also contemplated 1o which the distal collar
12015 conpled to the catheter shaft while the proximal collar 116 1s free to shide axaally
along the catheter shafl. In some cases, both the proximal collar 116 and the distal
collar 120 may be coupled to the catheter. It 13 further contemplated that the expandable
frame 100 may be coupled {additionally or alternatively to the proximal and/or distal
collars 116, 124} at locations other than the proxamal or distal collars 116, 120, as

caired.

The stnit 124 may inclode any number of mounting modules 134 to provide a
cutting member systom that will create a long cutting plane. For exarnple, the strut 124
may include one, two, three, four or more mounting modules 134 to provide any length
of cutting plane desired. It is further contemplated that as the cutting cloments 138 are
not secured directly to the balloon, bulges or other deformations in the balloon, as the
balloon is being expanded, may not impact the securement and/or positioning of the
cutting elements 138, For example, as the expandable frame 100 s coupled to the
balloon at one end of the frame 166 {¢.g., proximal collar 116 or distal collar 128}, the
opposing end and/or the indermediate struts 124 may be free 1o shift axially about the

longitudinal axis and/or circumferentially about the balloon as necessary.
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The micrmediate section 114 of the expandable frame 100 may be configured
0 be positioned within recesses or channels formed 1o the balloon i a simifar manner
to that descrbed herein.  In some embodiments it may be desirable for the cutting
clement 138 to extend radially bevond an outer diameter of the balloon to a similar
gxtent or degree as if it were mouanted directly to the outer surface of the balloon 16 {for
example, without the strat 124).

FIG. ¢ 15 a perspective view of ancther illustrative catheter 200, The catheter
200 may nclude a balloon 202 coupled to a catheter shaft 204, One or more cutting
members or blades 206a-; (collectively, 206} may be mouunted on the balloon 202, In
some cases, the one or more cutting members 206 mayv be mounted on an expandable
frame or basket 208 which, m tum, may be coupled 1o the balloon 202 and/or catheter
shaft 204, In general, the catheter 200 may be advanced over a guidewire (not explicitly
shown}, through the vascudature, to a target arca. Ongce positicned at the target location
w the vasculature, the balloon 202 can be miflated to exert a radially outward force on
a lesion, as the cutting members 206 engage the lesion. Thus, the cutung members 206
may ot or seore the lesion fo facilitate enlarging the lamen proximate the lesion. The
target arca may be within any suitable penpheral or cardiac vessel lumen location.

The catheter 200 and/or balloon 202 may be sized for use m cutical hmb
ischemia with very small vessels {e.g., baving a diameter in the range of about 2-3 mm).
The balloon 262 may have a length 1o the range of about 60 {0 140 mum, about 8010 120
mm, or about 160 mum, for example. In some instances, the roflated balloon 202 may
have an outer diameter in the range of about 1 to S pun, about 2 to 4 myn or about 3
mm, for example.

The cutting members 206 mayv vary in number, position, and arrangement about
the balloon 202, For example, the catheter 200 may mmchude one, two, three, four, five,
81X, oF more cutting members 206 that are disposed at any position along the balloon
202 and i a regular, irregolar, or any other suitable pattern. For example, in some
embodiments the balloon 202 may include a plurality of cutting members 206
longttudinally arranged svounetrically around the circumference of the balloon 202,

The cutting members 206 may be made from any suitable material such as a
metal, metal allov, polvimer, metal-polymer composite, and the like, or any other
suitable material. For example, cutting members 206 may be made from stainless steel,
titantum, nickel-titannem allove, tantabum, ron-cobalt-nickel allovs, or other metalhic

materials in some instances.
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The balloon 202 may be made from typical angioplasty balloon materials
mehuding polymers such as polvethylene terephthalate (PET), polytetrafluorocthyiens
{(PTFE), cthviene totrafluorocthviene (ETFE), polvbutvicne tercphthalate (PBT),
polvurcthane, polvvinylchlonde (PVC), polyether-ester, polyester, polvamide,
glastomeric polvamides, polvether bock amide (PEBA), as well as other saitable
materials, or mixtures, combinations, copolymers thereof, polymer/metal composites,
and the like. In somc instances, the balloon 202 may include a single laver of material,
whereas m other mstances the balloon 202 may be of a mudti-laver construction,
mehuding a plarality of layers of matenals. For instance, the balloon 202 may be formed
as a co~oxtrusion or tri-laver extrusion i some nstances,

The balloon 202 may be configured so that the balloon 202 includes one ormore
“wings” or wing-shaped regions when the balloon 202 1s deflated. In some instances,
the wings may be configured so that the cutting members 206 can be positioned at the
wmward-most positions of the deflated balloon 202, with the wings of the balloon folds
positioned between adjacent cutting members 206, This arrangement may reduce the
exposure of the cutting members 206 to the blood vessel duning delivery of the balloon
202 to the fosion

The shaft 204 may be a catheter shafl, sinlar to typical catheter shafis. For
gxample, the catheter shaft 204 may wclade an outer tobular member 210 and an inner
tubular member 212 extendiog through at least a portion of the cuter tubular member
210, The tubular meutbers 212, 210 may be manufactured from a number of different
materials. For example, the tubular members 212, 210 may be made of metals, metal
alloys, polymers, metal-polymer composites or any other suitable matenals.

The tubular members 212, 210 may be arranged v any appropuaie way. For
example, in some emnbodiments the inner tubular member 212 can be disposed coaxially
within the outer tubular member 210, According to these embodiments, the mner and
outer tubular members 212, 210 may or may not be sccured 0 one another along the
sencral longundinal axis of the catheter shaft 204, Ahematively, the ioner tubular
member 212 may follow the inner wall or otherwise be disposed adjacent the inner wall
of the outer tubular member 210, In other embodiments, the tebular members 212, 210
may be arranged in ancther desired fashion.

The inner tubular member 212 mav include an wner lamen (not explicitly
shown). In at least some embodiments, the mner lumen is a gaidewire lumen for

receiving a guidewire therethrough. Accordingly, the catheter 200 can be advanced
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over the guidewirg to the desired locaon. The guidewire humen may extend along
cssentially the entire length of the catheter shaft 204 soch that catheter 200 rescrables
traditional “over-the-wire” catheters. Alernatively, the gindewire lumen may extend
along only a portion of the catheter shafl 204 such that the catheter 200 reserobles
“single-operator-exchange” or “rapid-exchange” cathetors.

The catheter shaft 204 may also melude an nflation lumen {not explicitly
shown} that may be used, for example, to transport mflation media to and from the
balloon 202 to selectively inflate and/or deflate the balloon 202. The location and
position of the inflation himen may vary, depending on the configaration of the tubular
members 212, 216, For exampie, when the outer tubular member 210 sumounds the
mner tubular member 212, the mflation lnmen may be defined within the space between
the tubular members 212, 210, In embodiments i which the cuter tubular member 210
is disposed alongside the inner tubular member 212, then the inflation lumen may be
the lumen of the outer tubular memwber 216

The balloon 202 may be coupled to the catheter shaft 204 in any of a number of
suttable ways. For example, the balloon 202 may be adhesively or thermally bonded
to the cathoter shaft 204, In some emboduments, a proximal waist 214 of the balloon
242 may be bonded to the cathetor shaft 204, for example, bonded to the distal end of
the cuter tubular member 210, and a distal waist 216 of the balloon 202 may be bonded
to the catheter shaft 204, for example, bonded to the distal end of the inner tubular
member 212, The exact bonding positions, however, may vary.

The one or more cutting members 206 may be mounted relative to the balloon
202 using an expandable frame 208, While not exphiaitly shown, the balloon 202 may
mehude chanoels similar in form and function to the channels 56 described hercin
Referring additionally to FIG. 10 which illustrates a perspective view of the illustrative
expandable frame 208, the expandable frame 208 may inchude a plurality of strats 218a,
218b, 218¢ {collectively, 218} extending axially along a longitudinal axis of the catheter
200 from a proximal end region 220 1o a distal end region 222, While the expandable
frame 208 1¢ iHustrated as having three struts 218, it is contemplated that the frame 208
may mclude any number of stnuts 218 desired, such as, but not Emited to, one, two,
three, four, or more. In some embodiments, the struts 218 mayv be configured o be
uniformiy positioned about a circumfercnce of the balloon 202, For example, the strats
218 may be configured to have an {or approxamately) even or equal spacing between

adjacent stnuts 218, Alternatively, the struts 218 may be eccentrically positioned about
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the crcumference of the balloon 202, For example, the struts 218 may have anequal
spacing between adjacent sinuts 218,

The cxpandable frame 208 may have a proximal section 224, a distal section
226, and an wtermediate region 228, The expandable frame 208 may be laser cut from

a straight metathic tube (.., a hypotube) to form a proxamal collar 280, a distal collar

282, and the plurality of struts 218 therchetween. In other instances, the proximal
section 224, the distal section 226, and/or mtemmediaie section 228 may be cut from a
fat sheet and rolled o the desired shape. In vet other embodiments, the proximal
collar 280, distal collar 282 and/or struts 218 may be individually formed from a vanety
of mothods and subsequenily coupled together.  The proximal section 224 and/or the
distal section 226 may be formed from spring steel or nitinol and heat set or stress
rehieved 1n a collapsed configuration {(not explicitly shown}. However, other materials
may be used, as desired. The proximal section 224 and the distal section 226 of the
expandabic frame 208 mav be moved from the collapsed configuration indo the
expanded configuration shown in FIG. 9 through wflation and thus radial expansion of
the balloon 202.

Each strut 218 of the expandable frame 208 may mchude a proximal end region
332a, 232b, 232¢ {collectively, 2323, a distal end region 234a, 234b, 234¢ {collectively,
234}, and an intermediate region 236a, 236b, 236¢ {(collectively, 236} disposed
therebetween. Ag described hergin, the strots 218 may be individually cut from a flat
sheet or cut from a straight metallic tube {c.g.. a hvpotube), as desired. In some
embodiments, the struts 218 may be formed as a monolithic structure. The proximal
end regions 232 and/or the distal end regions 234 may be formed from spring steel or
nitinol and heat set or stress relieved in a collapsed configuration (not explicitly shown}.
However, other materials may be used, as desired.

In some cases, the proximal end regions 232 and/or the distal end regions 234
may be pivotably coupled with the intermediate regions 236, For example, the proximal
end regions 232 and/or the distal end regions 234 may bend, flex, and/or pivot relative
to the intermediate regions 236 such that the expandable frame 208 may move between
a collapsed generally linear configuration and an expanded configuration generally
conforming to an ouvter shape of the balloon 202 For example, the pivotable linkage
between the proximal end regions 232 and the intermediate regions 236 as well as the
pivotable linkage between the distal end regions 234 and the mtormediate section 236

may allow the intermediate section 236 to extend generally paraliel to a longitudimal
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axis of the balioon 202 while the proximal and distal end regions 232, 234 extend at a
nonparalle] angle to the longitudinal axis of the balloon 202 for at least a portion of
their respective lengths.

Each strat 218 may include a plurality of links or mounting modules 238a~
{collectively 238} with each mounting module carrying a cutting member 206, While
cach strut 218 15 dlustrated as incloding ten mounting modules 238, it 15 contempiated
that the struts 218 may clude fower thao ten or more than fon mounting modules 238
o form a cutting member sysiem having the desired cotting length. In some cases, the
mounting modules 238 may be pivotably coupled 0 one another, the proximal end
region 232, and/or the distal end region 234, For instance, the mounting modules 238
may be separate structures linked or coupled together, or the mounting modules 238
may be formed as a smgle monolithic or unitary structure with hving hinges.
Alternatively, or additionally, the intermediate region 236 may include a combination
of struts 218 having cither a wnitary structure inchuding a plurality of mounting modules
238 or a plurality of coupled 1ndividual mounting roodules 238

The proximal collar 280 and/or the distal collar 282 may include one or more
circumforentially extending cuts 240, 242 to formo a vesthicnt or spung-like ring elemoent
280, 282 The spring-like elements 280, 282 may allow for bending and/or flexing at or
near the proximal and/or distal end sections 224, 226 of the expandable frame 208
which may facilitate savigation within the vasculature. While the expandable frame
208 s Ulustrated as meluding both a proximal spring-like ning eloment 280 and a distal
spring-like ring elernent 282, 1t is contemmplated that only one spring element 280, 282
or no spring elements 280, 282 may be provided. Referring additionally to FIG. 11,
which illustrates an enlarged perspective view of the proximal end region 220 of the
expandable frame 208, the proximal sprmg element 280 may have a generally tabular
configuration. For brevity, the structure of the spring elements 280, 282 are deseribed
with respect to the proximal spring clement 280, However, it should be understood
that, when so provided, the distal spring cleraent 282 may include any of the structaral
features described with respect to the proxamal spring clement 280, In the illustrated
embodiment, the cut 240 may be gencrally helical and extend through the thickness of
the proximal spring element 280 {e.g., from an ouler surface to an mner surface thereof).
The cut 240 may extend along an euntire length of the proximal spring clement 280 or
may extend along less than an entire length of the proximal spring element 280, as

desired. I is contemplated that a configuration and/or number of cuts 240 may be
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varied to change the properties of the proxamal spring element 280, For example, the
pitch of a helical cut 240 and/or the width of matenal between adjacent winding of the
cut 244 may be varied to adjust a strength and/or flexibitity of the proximal spring 280
it 15 further contemplated that the spring eleroents 280, 282 may be formed from a
wound filament or ribbon.

The proxamal spring clement 280 may inclode a plurality of channels 244a,
244b, 244c {collectively, 244) extendmg from a proxamal end 246 1o a distal end 248
of the proxamal spring element 280, In some cases, the channels 244 may extend over
less than an entire length of the proximal spring element 280, For example, the channels
244 may extend proximally from the distal end 248 and terminate distal 1o the proximal
end 246 or the channcls 244 may extend distally from the proxumal end 246 and
terminate proximal to the distal end 248, In vet other examples, the channels 244 may
extend over an intormediate region of the proximal spring clement 280, In some
embadiments, the channels 244 mav be configured to receive a proxumal end region
232 of the struts 218, For example, when the struts 218 are formed as separate
components from the spring elements 280, 282, the proxamal end region 232 and/or the
distal end region 234 may be secured to the sprng cloments 280, 282 withun the
channels 244, 1t 1s contemplated that the struts 218 may be adhered, glued, brazed,
welded, soldered, ete., withm the channels 244,

The expandable frame 208 may be secured to the balloon 202 and/or catheter
shaft 204 at one end or both ends thereof. For exaraple, the expandable frame 208 may
be fixedly secured to the outer tubular member 210 at or adjacent to the proxamal spring
clement 280 while the distal spring cloment 282 may be axially slidable about the inner
tubular mewmber 212 along a longttudinal axis of the catheter 200, This may allow the
expandable frame 208 1o lengthen (along the longimdinal axas of the catheter 200) when
in the collapsed configuration and shorten when in the expanded configuration. The
reverse configuration 15 also conteraplated in which the distal spring element 282 is
fixedly sccured to the tniner tubular member 212 while the proximal spring element 280
18 free to shide axially along the outer tubular member 210, In some cases, both the
proximal spring clement 280 and the distal spring element 282 may be fixedlv scoured
o the catheter 206, It is contemplated that the spring cloments 280, 282 may allow the
expandable frame 208 to shorien as the balloon 2072 s expanded and elongate when the
balloon 202 1s collapsed, even when both spring elements 280, 282 are coupled to the

catheter 200, In other cases, both the proximal spring clement 280 and the distal spring
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clement 282 may be free to slide relative to the catheter 200, 1t 1s further contemplated
that the expandable frame 208 may be coupled {additionally or alternatively to the
proximal and/or distal spring clements 280, 2872} at locations other than the proximal or
distal spring elements 280, 282, as desired.

Referring briefly to FIG. 9, 1n some cases, one or more elastomeric or flexible
bands 258a, 250b, 250¢, 230d (collectively, 250} may be circumfercntially positioned
over the struts 218 and over an outer surface of the balloon 202 to himit circumferential
and/or radial movement of the struts 218, For example, a plurality of bands 250, each
of which extends circumtrentially arcund the balloon 202, may be positioned at spaced
apart locations along the longth of the balioon 202, The bands 250 may be axially
arranged 1o reside between adjacent cutting members 206, The struts 218 may be
sandwiched between an inner surface of the bands 250 and an outer surface of the
balloon 202, The bands 230 may retain the struts in circumferentially spaced apart
locations around the balloon 207 1o help prevent the struts 218 from crossing over cach
other. The bands 250 may be held in tension even with the balloon 202 i a fully
deflated state such that the bands 230 continuously apply a radially imward force against
the storts 218 to push the struts 218 against the deflated balioon 202, The bands 250
may be flexable so as to stretch and continve to apply a radially mward force on the
struis 218 as the balloon 202 15 expanded. 1t is further contempiated that the bands 250
may retum to their smaller, delivery configuration when the balloon 202 1s deflated.

Returming to FIGS, 11 and 12, the mounting modules 238 may be
mterconnected by rails 252a-1 {collectively, 252}, In some embodiments, the struts 218
are formed from a single monohithic structure such that the moonting modules 238 and
the rails 252 are formed as a single structure. The mounting modules 238 may have a
first width 260 and the rails 252 mayv have a second width 262 smaller than the first
width 260, In some cases, the moonting modules 238 may have a width 260 i the
range of about 0.01 mches (n} (.254 mum} to about §.05 1 (1.27 mm), about 0.02
{0.508 mum} to about 0.04 in {(1.016 vum}, or about 0.03 w (0.762 mm). The rails 252
may have width 262 mn the range of about 0,004 in (0. 102 num) to about 0.012 m (0.305
i}, about 0.006 10 {0,132 mm} to about 0.610 1n (0.254 mm), or about 0.008 1n (8.203
mm}. The thinner rails 232 may pivotably couple adjacent mounting modules 238, For
example, the rais 252 may bend, flex, and/or pivot relative to the mounting modules

238 such that the expandable frame 208 may move between a collapsed generally linear
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configuration and an expanded configuration generally conforming to an outer shape
of the balloon 202,

in some embodiments, the mounting moduies 238 may have a length 264 that
1s longer than a length 266 of the rails 252, although this is not requived. It is
contemplated that the length {and/or width} of the mounting modules 238 may be
selected to support the desired cutfing member 206, In some embodiments, the
mounting modules 238 may have a length 1o the range of about 8.100 in {2 540 nun} to
about 8372 m (9,449 mim), about 1.168 i {4267 mm) to about 0.304 1 (7.722 mm},
or about 0.236 1n (5.994 mm}. The rails 252 may have a length in the range of about
0,100 10 (2 540 mm) to about 0.214 10 {5,436 mm), about 6.128 1 (3.251 mm} to about
0.185 in {4.724 mim}, or about 8,137 in (3988 mum).

FIG. 12 Hustrates a cross-sectional view of the iHustrative expandable frame
208 taken at line 12-12 of FIG. 18, The mounting modules 238 may cach be configured
o receive ot carry a cutting rucraber 206, However, itis not required for cach mounting
module 238 to melude a cutting member 206, The mounting module 238 may include
a generally U-shaped stractore having a bottom wall 270, a first side wall 272 extending
generally orthogonally from the bottom wall 270, and a second side wall 274 extending
sencrally orthogonally from the bottom wall 270 and spaced from the first side wall
272, Together, the side walls 272, 274 and the bottom wall 270 may from a channel or
tropgh for receiving the cutting member 206, The cutting momber 206 may be
adhesively sccured to the mounting module 238 within the trough.  Other sccuring
techmigues may be used as desired, mcluding but not hmited to, soldening, brazing,
welding, ete. In other embodiments, the cutting member 206 may be formed as a single
monolithic structure with the mounting module 2338,

FIG. 13 15 a perspective view of another iHlustrative expandable frame 300 for
mounting one or more cutting members 306a+ {coliectively, 306} relative to an
expandable balloon. The expandable frame 300 may include a plurality of struts 308a,
308b, 308c¢ (collectively, 308} extending axially along a longttudinal axis of the frame
300 from a proximal end region 302 1o a distal end region 304, While the expandable
frame 300 is tHustrated as having three struts 308, 1t 1s contemplated that the frame 300
may molude any number of struts 308 desired, such as, but not limited to, one, two,
three, four, or more. o some cmbodiments the stnits 308 mav be configured to be
wformly positioned about a arcumference of a balloon. For example, the struts 308

may be configured to have an {or approximately) even or equal spacing betweer
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adjacent struts 308, Alternatively, the struts 308 may be eccentrically positioned about
the circumference of the baloon. For example, the struts 308 may have unequal
spacing between adjacent struts 308,

The expandable frame 300 may have a proximal section 316, a distal section
312, and an intermediate region 314, The expandable frame 300 may be laser cut from
a stratght metallic tube (... a hypotube) to form a proximal collar 316, a distal collar
318, and the plurality of struts 308 thercbetween. In other instances, the proximal
section 310, the distal section 312, and/or intermediate section 314 may be cut from a
flat sheet and rolled into the desired shape. in yet other embodiments, the proximal
collar 316, distal collar 318 and/or struts 308 may be individually formed from a vaniety
of methods and subsequently coupled together. The proximal section 310 and/or the
distal section 312 may be formed from spring steel or nitinol and heat set or stress
relieved in a collapsed configuration, as shown in FIG. 13, However, other materials
may be used, as desired. The proximal section 310 and the distal section 312 of the
expandable frame 300 may be moved from the collapsed configuration nto an
expanded configuration through inflation and thus radial expansion of the balloon, the
expanded configuration gencrally conforming to an outer profile of the balloon.

Each strut 308 of the expandable frame 300 may mclude a proximal end region
32{k, 320b, 320c¢ {collectively, 320}, a distal end region 322a, 322b, 322¢ {collectively,
3223, and an mfermediate region 324a, 324b. 324c¢ {(collectively, 324} disposed
therebetween. As described herein, the struts 308 may be mdividually cut from a flat
sheet or cut from a straight metallic tube {¢.g., a hvpotube), as desired. In some
embodiments, the struts 308 may be formed as a monolithic structure. The proximal
end regions 320 and/or the distal end regions 322 may be formed from spring steel or
nitinol and heat set or siress relieved in a collapsed configuration (not explicitly shown).
However, other materials may be used, as desired. In some cases, the proximal end
regions 320 and/or the distal end regions 322 may be pivoiably coupled with the
mtermediate regions 324, For example, the proxamal end regions 320 and/or the distal
end regions 322 may bend, flex, and/or pivot relative to the miemmediate regions 324
such that the expandable frame 300 may move between a collapsed generally hinear
configuration and an expanded configuration gencrally conforming to an outer shape
of the balioon. For example, the pivotable linkage between the proximal end regions
32{ and the mtermediate regions 324 as well as the pivotable linkage between the distal
end regions 322 and the mtermediate scction 324 may allow the intermediate section
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324 to extend generally parallel to a longitudmal axis of the balloon while the proximal
and distal end regions 326, 322 exiend at a nonparallel angle to the longitadinal axis of
the balloon for at least a portion of their respective lengths,

Each strat 308 may include a plurality of links or mounting modules 326a~
{collectively 326} with each mounting module carrying a cutting member 306, While
cach strut 308 15 dlustrated as incloding ten mounting modules 326, it 15 contempiated
that the struts 308 may include fower thao ten or more than ton mounting modules 326
o form a cutting member sysiem having the desired cotting length. In some cases, the
mounting modules 326 may be pivotably coupled 0 one another, the proximal end
region 320, and/or the distal end region 322, For instance, the mounding modules 326
may be separate structures linked or coupled together, or the mounting modules 326
may be formed as a smgle monolithic or unitary structure with hving hinges.
Alternatively, or additionally, the intermediate region 324 may include a combination
of struts 308 having cither a wnitary structure inchuding a plurality of mounting modules
326 or a plurality of coupled individual mounting modules 326

The proximal collar 316 and/or the distal collar 318 may include one or more
circumiforentially extending cuts 328, 330 to form a resthicnt o7 spring-like ring cloment
316, 318, The spring-like clements 316, 318 may allow for bending and/or flexing at or
near the proximal and/or distal end regions 316, 312 of the expandable frame 300 which
may facilitate navigation within the vasculature. While the expandable frame 300 is
dlustrated as including both a proximal spring-~like ning element 316 and a distal spring-~
fike ring clement 318, it i1s contemplated that only one sprng element 316, 318 orno
spring elements 316, 318 may be provided. Referring additionally to FIG. 14, which
iifustrates an enlarged perspective view of the proximal end region 310 of the
expandable frame 300, the proximal sprmg element 316 may have a generally tabular
configuration. For brevity, the structure of the spring elemenis 316, 318 are deseribed
with respect to the proximal spring clement 316, However, it should be understood
that, when so provided, the distal spring cleraent 318 may include any of the structaral
features described with respect to the proxamal spring clement 316, In the illustrated
embodiment, the cut 328 may be gencrally helical and extend through the thickness of
the proximal spring element 316 {e.g., from an suler surface to an mner surface thereof).
The cut 328 may extend along an euntire length of the proximal spring clement 316 or
may extend along less than an entire length of the proximal spring element 316, as

desired. For example, in the tlustrated embodiment, the cot 328 extends over an
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mtermediate or central region 332 of the proxmmal spring element 3160 I i3
contemplated that a configuration and/or number of cuts 328 may be varied to change
the properties of the proximal spring clement 316, For example, the piteh of a helweal
cut 328 and/or the width of matenial between adjacent winding of the cut 328 may be
varied to adjost a strength and/or flesability of the proxdmal spring 316, It s further
contemplated that the spring elements 316, 318 may be formed from a wound filament
or tibbon.

The proximal spring clement 316 may mclude a plorality of channcls 3364,
336b, 33%¢ (collectively, 336} extending from a proximal end 332 to a distal end 334
of the proximal spring element 316, In soroe cases, the channels 336 may extend over
less than an entive length of the proximal spring elernent 316, For example, the chaonels
336 may extend proxamally from the distal end 334 and termmnate distal to the proximal
end 332 or the chanoels 336 may cxtend distally from the proxumal end 332 and
terminate proxinal to the distal end 334, In vet other examples, the chanocls 336 may
extend over an intermoediate region of the proximal spring element 316, In some
embodiments, the channels 336 may be configured to receive a proximal end region
320 of the struts 308, For cxample, when the struts 308 are fommed as separate
components from the spring elements 316, 318, the proximal end region 320 and/or the
distal end region 322 may be sceared to the spring clements 316, 318 within the
channels 336, as dlustrated m FIGS 13 and 14 It is contemplated that the stouts 308
may be adbered, glued, brazed, welded, soldered, ctc., within the channels 336,

The expandable frame 300 may be secured 1o the balloon and/or cathetor shaft
at one end or both ends thereof. For example, the expandable frame 300 may be fixedly
secured 1o an outer tubular member at or adjacent to the proximal spring element 316
wiile the distal spring clement 318 may be axially slidable about an inner tubular
moember along a longitudinal axis of the catheter. This may allow the expandable frame
300 to lengthen {(along the longitudinal axis of the catheter) when m the collapsed
configuration and shorfen when in the expanded configuration.  The reverse
configuration is also contemplated in which the distal spring clement 318 18 fixediy
secured o the inner tubular member while the proximal spring element 316 15 free to
stide axially along the outer tubular member. In some cases, both the proximal spring
clement 316 and the distal sprng clement 318 mayv be fixedly secured to the catheter.
It is contemplated that the spring ¢lements 316, 318 may allow the expandable frame

344 to shorten as the halloon s expanded and clongate when the balloon is collapsed,
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even when both spring elements 316, 318 are coupled to the catheter. In other cases,
both the proximal spring clement 316 and the distal spring element 318 may be free to
stide relative to the catheter. It is further conternplated that the expandable frame 300
may be coupled {additionally or aliematively to the proxamal and/or distal spring
clements 316, 318} at locations other than the proximal or distal spring elements 316,
31%, as desired.

Reforring addiionally to FIG. 13, m some cases, one or nore elastomeric or
Hexible bands 338a, 338b, 338c¢, 338d {collectively, 338} may be circumferentially
positioned over the struis 308 and may be configured to be disposed over an outer
surface of the balloon to limit circumdferential and/or radial movement of the struts 308,
For example, a plurality of bands 338, cach of which extends circumferentially around
the balloon, may be positioned at spaced apart locations along the length of the balloon.
The bands 338 may be axially arranged to reside between adjacent cutting members
306, The struts 308 may be sandwiched betwoen an inoer surface of the bands 338 and
an outer surface of the balloon. The bands 338 may retain the struts in circumfeorentially
spaced apart locations arcund the balloon to help prevent the struts 308 from crossing
over cach other. The bands 338 may be held in tension cven with the balloon n a fully
deflated state such that the bands 338 continuously apply a radially inward force against
the struts 308 to push the struts 308 aganst the deflated balloon. The bands 338 may
be flexible so as to streich and apply a radially inward force on the strots 308 as the
batloon is expanded. It 1s further comteruplated that the bands 338 may retum to their
smaller, delivery configuration when the balloon is deflated.

The mounting modules 326 may be interconnected by rails 340a-1 {collectively,
3403 In some cwibodiments, the struts 308 are formed from a single monolithic
structure such that the mounting modules 326 and the rails 340 are formed as a single
structure.  The rails 340 may provide a living hinge between adjacent mounting
modules 326, permitting adjacent mounting modales 326, and thus cuiting members
306, to pivot relative to one another. The mounting modules 326 may have a first width
354 and the rails 340 may have a second width 356 smaller than the first width 354 In
some cases, the mounting modules 326 may have a width 354 1 the range of about 0.01
mches (in} {0.254 mm) to about §.05 1n (1.27 muy), about .02 in {0.508 mm) to about
0.04 i (1,016 ramy), or about (.03 1n (6.762 mm). The rails 340 may have width 356
in the range of about 0.004 m (6.102 mm} to about $.012 in {0305 mm), about 0.006

in (0,152 mm) to about 0.010 10 {0,254 mm}, or about 0,008 10 {0203 mm). The thinner
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rals 340 may pivotably couple adjacent mounting modules 326, For example, the rails
340 may bend, fiex, and/or pivot relative to the mounting modules 326 such that the
expandable frame 300 may move between a coliapsed generally lincar configuration
and an expanded configuration generally conforming to an outer shape of the balloon.

In some embodiments, the mounting modules 326 may have a length 358 that
is longer than a length 360 of the rails 340, although this is not required. It is
contemplated that the length {and/or width} of the mounting modules 326 may be
selected to support the desired cutting momber 306, In some cmbodiments, the
mounting modeles 326 may have a fength 358 1o the range of about 6.100 m {2.540
mim ) fo about $.372 10 (9.449 mm), about (.168 in {4.267 mm) to abouwt $.304 in (7722
mm), or about 0.236 in (5.994 mum}. The rails 340 may have a length 360 m the range
ofabout 0.100 in {2.540 mm} to about ¢.214 10 (5. 436 mm), about 0.128 m (3251 mim}
to about 0. 186 in {4.724 mm}, or about §.157 1n (3 .98& mmy).

The mounting modules 326 may each be configured to receive or carry a cutiing
member 306, However, it 18 not required for cach movnting roodule 326 1o melude a
cutting member 306, The mounting module 326 may mchide a generally planar
structure having a bottom wall 362a, 362b {collectively, 362} {see, for cxample, FIG.
14}, The cutiing member 306 may be adhesively secured to the mounting module 326
on the planar botiom wall 362, Other secunng techmiques may be vsed as desired,
including but not limited to. soldering, brazing, welding, etc. In other embodiments,
the cutfing member 306 may be formed as a single monolithic structure with the
mounting module 326

In some embodiments, the catheter 14}, the balloon 16, the expandable frame 36,
the expandable frame 100, the expandable frame 208, the expandable frame 300, and/or
components thereof, may be made from a metal, metal allov, polvmer {some examples
of which are disclosed below), a metal-polymer composite, ceramics, combinations
thereof, and the bike, or other suitable material. Some examples of suitable metals and
metal allovs melude stainless steel, such as 444V, 4441, and 314LV stainless steel;
nitld steel; nickel-titanium alloy such as hinear-glastic and/or super-clastic miunol; other
nickel allovs such as nickel-chromium-molybdenum alloys {e.g., UNS: N66235 such
as INCONEL® 625, UNS: NO6022 such as HASTELLOY® C-22@, UNS: NIG276
such as HASTELLOY® C276®, other HASTELLOY® allovs, and the like), nickel-
copper alloys {e.g., UNS: NO4400 such as MONEL® 400, NICKELVACR 400,
NICORROS® 400, and the like), mickel-cobakt-chromm-molybdenum alloys {e g,

3
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UNS: R44035 such as MP35-N® and the hke), mickel-molybdenom alloys {e.g., UNS:
NIG665 such as HASTELLOY® ALLOY B2®), other nickel-chromium alloys, other
nickel-molvbdenum alloys, other nickel-cobalt aliovs, other nickel-wron alloys, other
nickel-copper allovs, other nickel~tungsten or tungsien allovs, and the hike; cobali-
chromium alloys; cobalt-chromum-molybdenum allovs {e.g., UNS: R44003 such as
ELGHLOY®, PHYNOX®, and the like}; platinum enriched staindess steel; titannim;
platinumn; patladium; gold: combinations thereof, and the like; or any other sutiable
material.

As alleded to herein, within the family of commercially available nickel-
tardum or nitinol alloys, is a category designated "hnear elastic” or “non-super-elastic”
wiuch, although may be similar in chenustry to conventional shape memory and super
glastic varicties, may exhibit distinct and useful mechanical propertics. Linear clastic
and/or non-super-clastic nitinol may be distinguished from super elastic nitinol in that
the lincar elastic and/or non-super-clastic nitinel does not display a substantial
"superelastic plateau” or "flag region” in s stress/sirain curve like super elasuic nitinol
does. Instead, in the Imear elastic and/or non-saper-clastic nitinol, as recoverable stramn
mereases, the stross continues to increase 1o a substantially lincar, or a somewhat, but
not necessartly entirely finear relationstup vntdd plastic deformation begins or at least in
a relationship that s more hnear than the super elastic platean and/or Hag region that
may be secn with super clastic nitinol. Thus, for the purposes of this disclosure linear
elastic and/or non-super-clastic nitinel may also be teroed “substantiallv™ linear clastic
and/or non-super-clastic nitinol.

In some cases, linear elastic and/or non-super-elastic nitiwol may also be
distinguishable from super clastic nitingl in that huear elastic and/or non-super-clastic
nitinol may accept up o about 2-53% strain while remaining substantially clastic {e.g.,
before plastically deforming} whereas super elastic nitinol may accept up to about 8%
strain before plastically deforming. Both of these matenals can be distinguished from
other himear clastic materials such as stainless steel {that can also be distmguished based
on its composiion}, which may accept only about 0.2 to 0.44 percent strain before
plastically deformung.

In some cmbodiments, the lbinear elastic and/or non-super-clastic nickel-
titaraum alloy is an alloy that does not show any martensite/austenite phase changes
that are detectable by differential scanming calorimetry (DSC) and dynamic metal

thermal analysis (OMTA) analysis over a large temperature range.  For example, in
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some gmbodiments, there may be no martensite/austenite phase changes detectable by
BSC and DMTA analysis in the range of about 60 degrees Celsius (°C) to about 120
°C 1n the linear clastic and/or non-super-clastic mckel-titanium alloy. The mechanical
bendmg properties of such matenal may therefore be generally inert to the effect of
temperature over this very broad range of temperature.  In some embodiments, the
mechamcal bending properties of the linear elastic and/or non-super-clastic nickel-
utanium alloy at ambient or room temperature are substantially the same as the
mechanical properties at body tomperature, for example, 1n that they do not display a
super-clastic platean and/or flag region. For example, across a broad temperature range,
the lincar clastic and/or non-super-clastic nickel-titanium alloy maintains its lnear
clastic and/or non-super-clastic charactenistics and/or propertics.

In some embodiments, the linear clastic and/or non-super-elastic mckel-
titaniure alloy may be 1o the range of about 50 to about 60 weight percent nickel, with
the remainder bemg essentiatly titaniwm. In some ermbodiments, the composition 5 n
the range of about 54 to about 57 weight percent nickel. Oune example of a suitable
nickel-titantum alloy 1s FHP-NT alloy commercially available from Funikawa Techno
Material Co. of Kanagawa, Japan.  Other suitable matenals may  iclude
ULTANIUM™ {available from Neo-Metrics) and GUM METAL™ {available from
Toyota}. In some other embodiments, a saperelastic alioy, for example a superelastic
nitinol can be used to achieve desired properties.

In at least some erobodiments, portions or all of the catheter 10, the balloon 19,
the expandable frame 36, the expandable frame 100, the expandable frame 208, the
expandable frame 300, and/or components thereof, may also be doped with, made of,
or otherwise include a radiopaque material. Radiopague matenals are understood to be
materials capable of producing a relatively bright tmage on a fluoroscopy screen or
another imaging technique during a medical procedure. This relatively bright image
aids a user in determining the location of the catheter 10, the balloon 16, the expandable
frame 36, the expandable frame 100, the expandable frame 208, the expandable frame
300, ete. Some exarples of radiopague materials can neclude, but are not linted to,
gold, platinum, palladinm, tantalum, tungsten alloy, polvmer material loaded with a
radiopaque filler, and the bike. Additionally, other radiopague marker bands and/or
cotls may also be incorporated tute the design of the catheter 10, the balloon 16, the
expandable frame 36, the expandable frame 100, the expandable frame 208, the

expandable frame 300, cto. to achieve the same result.
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In some embodiments, a degree of Magnetic Resonance Imaging (MRI)
corpatibility s imparted into the catheter 16, the balloon 16, the expandable frame 36,
the expandable frame 100, ctc. For example, the catheter 10, the baliocon 16, the
expandable frame 36, the expandable frame 106, the expandable frame 208, the
expandable frame 300, and/or components or portions thereof, may be made of a
material that does not substantially distort the mmage and create substantial artifacts
{c.g.. gaps in the mage). Certain ferromagoetic matenals, for example, may oot be
suitable because they may create artifacts m an MRI image. The catheter 18, the
balloon 16, the expandable frame 36, the expandable frame 100, the expandable frame
208, the expandable frame 300, etc., or portions thercof, may also be made from a
material that the MRI machine can image. Some materials that exhibit these
characteristics include, for example, nmgsten, cobalt-chromivm-molvbdenum alloys
{o.g., UNS: R44003 such as ELGILOY®, PHYNOX®, and the like), nickel-cobalt-
chromuum-molvbdenun alloys {e.g., UNS: R44035 such as MP35-N® and the ike),
nitinol, and the hke, and others.

In some embodiments, the catheter 14}, the balloon 16, the expandable frame 36,
the expandable frame 100, the expandable frame 208, the expandable frame 300, and/or
components thereof, etc., and/or porticns thereot, may be made from or include a
polymer or other suitable matenal. Some examples of suitable polymers may include
polytetraffuorocthylene  (PTFE), cthvienc tetraftuoroethylene (ETFE), floorinated
ethviene propyiene (FEP), polvoxymethviene (POM, for example, DELRIN® available
frora DuPont), polvether block ester, polyvurcthane {(for example, Polvurethane 854,
polypropylene (PP}, polyvinvichlonde (PVC), polyether-ester (for example,
ARNITEL® available from DSM Engincering Plastics), ether or ester based
copolvmers {for example, butviene/polv{alkviene ether) phtbalate andfor other
polyester elastomers such as HYTREL® availabie from DuiPont), polvamide {for
example, DURETHAN® available from Bayer or CRISTAMID® availabie from EIf
Atachem), elastomenc polvamides, block polvamide/ethors, polvether block amide
{(PEBA, for example available under the trade name PEBAX®), ethvlene viny] acetate
copolymers {(EVA), sithcones, polyethylene (PE), Marlex high-density polvethyviene,
Marlex low-density polyvethylene, Hincar fow density polyethylene (for exanplke
REXELL®), polvester, polvbutviene torephthalate (PBT), polyethyiene terephthalate
(PET), polvtrimethylene  terephthalate,  polvethvlene  naphthalate  (PEN),
polyetherctherketone (PEEK). polvimide {PI, polyetherinude (PER), polyphenyiene
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sulfide {FPS), polyphenyviene oxide (PPO), poly paraphenyiene terephthalamide (for
example, KEVLAR®), polysulfone, nylon, nvion-12 (such as GRILAMID® available
from EMS Amcrican Grdon), perfluoro{propyt vinyl cthery (PFA), cthylene vinvi
alcohol, polvolefin, polystyrene, epoxy, polvvinylidene chlonde (FVAC), polv{styrene-
besobutviene-b-styrene} (for example, SIBS and/or SIBS 350A), polycarbonates,
ionomers, biocompatibie polymers, other suitable materials, or mixtures, combinations,
copolymers thercof, polvmer/metal composties, and the like. In some embodiments the
sheath can be blended with a lipod orystal polvmer (LCP). For example, the mixiure
can contain up to about & percent LEP.

in some embodiments the catheter 16, the balloon 16, the expandable frame 36,
the expandable frame 100, the expandable frame 208, the expandable frame 300, and/or
components thereof, cte. disclosed herein may mclude a fabric matenal disposed over
or within the structure. The fabric material may be composed of a bivcompatible
material, such a polvimeric matenal or biomaterial, adapted to promote tissue ingrowth,
In some embodiments, the fabric material may mclude a bicabsorbable material. Some
examples of suitable fabric materials include, but are not iimited to, polvethviene glyveol
{(PEG), nvion, polvtetrafluorocthviene (PTFE, cPTFE), a polyolefinic matenal such as
a polvethviene, a polypropviene, polvester, polvurethane, and/or blends or
combinations thergof.

In some embodiments, the catheter 10, the balloon 16, the expandable frame 36,
the expandable frame 100, the expandable frame 208, the expandable frame 300, and/or
components thereof, cic. may melude and/or be formed from a textile matenal. Some
examples of suitable textile materials may nclude synthetic varns that may be flat,
shaped, twisted, textured, pro-shronk or un-shrunk, Synthetic biocompatible varns
suitable for use in the present invention include, but are not Limited to, polvesters,
mcluding polyethylene terephthalate (PET) polvesters, polypropylenss, polyethvlenes,
polyarcthanes, polvolefins, polyvinvls, polymethylacetates, polvamides, naphthalene
dicarboxylene derivatives, natural silk, and polvtetrafluorcethvienes. Moreaver, at
least one of the synthetic vams may be a metallic vam or a glass or ceramic vam or
fiber. Useful metallic varns include those vams made from or containing stainless steel,
platinem, gold, titannm, tantalum or a Ni-Co-Cr-based alloy. The yvarns may further
melude carbon, glass or ceramic fibers.  Deswrably, the varns arc made from
thermoplastic materials mchiding, but not honted to, polvesiers, polvpropvienes,

polyethylenes, polyvurcthanes, polynaphthalenes, polvictrafivorocthyienes, and the fike.
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The varns may be of the multifilament, monofilament, or span-types. The tvpe and
denier of the varn chosen may be selected 1 a manner which forms a bocompatible
and unplantable prosthesis and, more particularly, a vascular structure having desirable
propertics.

In some embodiments, the catheter 10, the balloon 16, the expandable frame 36,
the expandable frame 100, the expandable frame 208, the expandable frame 300, and/or
components thercof, etc. may include and/or be treated with a suitable therapeutic
agent. Some examples of suitable therapeutic agents may mchude anti-thrombogenic
agents  {such as  heparin, heparin  derivatives, urokinase, and FPack
{dextrophenyialanine proline arginine chloromethyiketone}); anti-proliferative agonds
{such as enoxaparin, angiopeptin, monoclonal antibodies capable of blocking smooth
muoscie cell proliferation, hiredmn, and acetylsalicyvlic acid); anti-inflammatory agents
{such as dexamethasone, prednisclone, corticosterone, budesonide,  estrogen,
sulfasalazine, and mesalamine), antincoplastic/antiprolforative/anti-mitotic  agounts
{such as pacliaxel, S-fluorouracil, cisplatin, vinbiastine, vincristine, epothilones,
endostating angiostatin and thymudine kinase wnhibitorsy, anesthetic agenis (such as
fidocame, bupivacamne, and ropivacaing), anti-coagulants (such as D-Phe-Pro-Arg
chloromethyl ketone, an RGD pepude-containing compound, heparn, anti-thrombin
compounds, platelet receptor aniagonists, anti-thrombi antibodies, anti-platelet
receptor antibodies, aspirin, prostaglandin iohibitors, platelet imbubiors, and tick
antiplatelet peptides); vascular cell growth promaoters (such as growth factor inhibitors,
growth factor recepior antagonists, {ranscriptional activaiors, and translabional
promoters) vascular cell growth mhubitors {such as growth factor inhibitors, growth
factor roceptor antagomists, transcriptional repressors, transiational repressors,
rephication inlubitors, inhibitory antibodies, antibodies directed against growth factors,
bifunctional molecules consisting of a growth factor and 3 ovictoxin, bifunctional
molecules consisting of an antibody and a cytotoxin}; cholesterol-lowering agents;
vasodifating agents; and agents which mterfore with endogenous vascoactive
mechanisms,

§t should be understood that this disclosare 13, in many respects, only illustrative.
{Changes may be made in details, particularly in matters of shape, size, and arrangement
of steps without exceeding the scope of the nwvention. This may include, to the oxiont

that 1t 1s appropriate, the use of any of the features of one example embodiment being
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used in other embodiments. The invention's scope 13, of course, defined m the language

in which the appended claims are expressed.
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What is claimed s

i A balloon catheter comprising:

a catheter shaft;

an inflatable balloon secured to a distal portion of the catheter shaft;

an expandable frame disposed over the balloon, the expandable frame comprising a
plurality of struts each having proximal section, a distal section, and an intermediate
section, wherein the proximal section is pivotably coupled to the intermediate section and
the distal section 15 pivotably coupled to the intermediate section; and

one or more cutting members coupled to the expandable frame.

2. The balloon catheter of claim 1, wheren at least one of a proxamal end region or a

distal end region of the expandable frare includes a collar,
3 The balloon catheter of claim 2, wherein the collar includes a helical cut extending

from an outer surface to an inner surface of the coliar,

4, The balloon catheter of claim 3:

wherein the collar mcludes a first end region, a second end region, and an ntermediate
region between the first and second end regions, the mntermediate region meluding the
helical cut,

wherein the furst end region 18 fixedly secured to the catheter shaft and the second end
region 1s axially shidable relative to the catheter shaft;

and wheremn ends of the plurality of struts are fixedly secured to the second end region of

the coliar.

5. The balloon catheter of anyv one of the preceding claims, further comprising a
plurality of elastomeric bands circumferentially surrounding the expandable frame at

fongitudinally spaced apart locations along the balioon.

&, The balloon catheter of claim 3, wherein the plurality of elastomeric bands are in

tension when the balloon 1s in a fully deflated configuration.
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7. The balloon catheter of claim 6, wherein the plurality of elastomeric bands apply a
radially inward force on the plurality of struis to press the plurality of struts against an outer

surface of the balloon.

8 The balloon catheter of any one of the preceding claims, wherein each intermediate
section of the plurabity of struis has one or more mounting modules configured to receive

the one or more cutting members.

o The balloon catheter of claim 8, wherein the intermediate section comprises two or

more links pivotably coupling adjacent mounting modules together.

10, The halloon catheter of claim 8, wherein the intermediate section comprises two or

more rails prvotably coupling adjacent mounting modules together.

it The balloon catheter of claim 10, wheremn the rail has a width less than a width of

the mounting modules.

12, The balloon catheter of any one of the preceding claims, wherein the cutiing

mermber 1s adhesively secured to the expandable frame.

13 The balloon catheter of any one of the preceding claims, wherein the balloon

mclodes one or more channels formed n an outer surface thersof

14. The balloon catheter of claim 13, wherein a depth of the one or more channels 1

equal to or less than a thickness of the plurality of struts of the expandable frame.

is. The balioon catheter of claim 1, wheretn:
a distal end of the proximal section of the expandable frame comprises at least one hook
configured to pivotably couple with at least one aperture formed m the intermediate

section; and
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a proximal end of the distal section of the expandable frame comprises at least one aperture

configured o pivoiably couple with at least one hook formed 1n the intermediate section.

44



WO 2019/199672

14

26\\ 1(3«\ 30 32\36\3 12\l /293 /7»2% /fZQC /24 //34 //28
T 7

1

H

15

PCT/US2019/026327

FiG. 1



PCT/US2019/026327

WO 2019/199672

2015

< "Dl




PCT/US2019/026327

WO 2019/199672

15

£ DI




WO 2019/199672

4115

PCT/US2019/026327

FiG. 4



PCT/US2019/026327

WO 2019/199672

5115

5 "D




9 "B




WO 2019/199672

745

74b

\\82

PCT/US2019/026327

FIG. 6A



PCT/US2019/026327

WO 2019/199672

8/15

ARSI E




PCT/US2019/026327

WO 2019/199672

915

8 "OlId

29p1




PCT/US2019/026327

WO 2019/199672

10/15

6 DI




PCT/US2019/026327

WO 2019/199672

1115

01 "DId

ayed

mmmt\\

mmwmw»x\.sgfﬁ.ﬁn B90Z_ 1707 , <,

BBLC T ygez

mmWN\ ~ 7 /PHT_ozgz
49EZ 18ET- " L3 S, .

8857

002 Vel



PCT/US2019/026327

WO 2019/199672

12115

11 "5




WO 2019/199672

1341

(821

—-218¢

PCT/US2019/026327

=
FIG. 12



PCT/US2019/026327

WO 2019/199672

14/15

£l 'Did




PCT/US2019/026327

WO 2019/199672

15115

A BRI E

A%

~EoLe



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/026327

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B17/3207  A61B17/22
ADD.

A61IM25/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B A61M

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5 797 935 A (BARATH PETER [US]) 1,2,8,
25 August 1998 (1998-08-25) 12,15

Y abstract; claims 1,4; figures 1-6 9-11,13,
column 3, lines 19-33 14

A 3-7

X US 2017/080192 Al (GIASOLLI ROBERT M [US] 1-8,12
ET AL) 23 March 2017 (2017-03-23)

A abstract; figures 9-11,
1A-1B,9A,13E-14A,15A-15E,Fig. 17-19 13-15
paragraphs [0130], [0136] - [0139],

[0153] - [0156]

X US 5 176 693 A (PANNEK JR EDWARD J [US]) 1,2
5 January 1993 (1993-01-05)

A abstract; claim 1; figures 2A-4B 3-15

- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 June 2019

Date of mailing of the international search report

26/06/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Macaire, Stéphane

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/026327

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X
A

US 2004/034384 Al (FUKAYA KOHEI [JP])
19 February 2004 (2004-02-19)

abstract; figures 1-3,5-6

paragraphs [0064], [0069]

US 2008/077164 Al (MURPHY BRUCE P [IE])
27 March 2008 (2008-03-27)

abstract; figures 7-20, 39-51
paragraphs [0217], [0254]

1-4,12

5,8,13,
15

9-11,13,
14
15

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2019/026327
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5797935 A 25-08-1998 AU 714544 B2 06-01-2000
BR 9704265 A 03-11-1998
CA 2208489 Al 26-03-1998
DE 69719648 D1 17-04-2003
DE 69719648 T2 24-12-2003
EP 0832608 A2 01-04-1998
JP 3547592 B2 28-07-2004
JP H10137257 A 26-05-1998
Us 5797935 A 25-08-1998

US 2017080192 Al 23-03-2017 AU 2016324292 Al 12-04-2018
CA 2998162 Al 23-03-2017
CN 108348734 A 31-07-2018
EP 3349837 A2 25-07-2018
JP 2018528055 A 27-09-2018
US 2017080192 Al 23-03-2017
WO 2017049227 A2 23-03-2017

US 5176693 A 05-01-1993  NONE

US 2004034384 Al 19-02-2004 CA 2427536 Al 30-04-2003
CN 1473058 A 04-02-2004
EP 1415681 Al 06-05-2004
JP 4345478 B2 14-10-2009
JP W02003013642 Al 25-11-2004
KR 20040030423 A 09-04-2004
US 2004034384 Al 19-02-2004
WO 03013642 Al 20-02-2003

US 2008077164 Al 27-03-2008 US 2008077164 Al 27-03-2008
WO 2009027530 Al 05-03-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report
	Page 63 - wo-search-report
	Page 64 - wo-search-report

