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METHODS AND DEVICES FOR CUTTING AND ABRADING TISSUE

[0001] This application claims the benefit of U.S. Provisional Patent 

Application No. 61/173,845, filed April 29, 2009, entitled “Methods and Devices 

for Cutting/Abrading Tissue”, the contents of which are hereby incorporated by 

reference herein.

Field of the Invention

[0002] The present invention relates to catheters used to remove 

material from a site in a body lumen. More particularly, this invention pertains to 

cutters capable of removing both soft and hard material from the site.

Background of the Invention

[0003] Atherosclerosis is a progressive disease of the vascular system 

whereby atheroma is deposited on the inner walls of blood vessels. Over time 

atheromatous deposits can become large enough to reduce or occlude blood flow 

through the vessels, leading to symptoms of low blood flow such as pain in the legs 

(on walking or at rest), skin ulcer, angina (at rest or exertional), and other 

symptoms. To treat this disease and improve or resolve these symptoms it is 

desirable to restore or improve blood flow through the vessel.

[0004] Various means are used to restore or improve blood flow 

through atheromatous vessels. The atheroma deposits can be displaced by 

diametrically expanding the vessel by inflating balloons, expanding stents, and 

other methods. However these methods undesirably tear and stretch the vessel, 

causing scar formation in a high percentage of patients. Such scar tissue (restenotic 

material), once formed, blocks flow in the vessel and often needs to be removed. 

The deposits can be pulverized using lasers and other methods. However 

pulverization alone of atheromatous material allows microemboli to flow 

downstream and lodge in distal vascular beds, further compromising blood flow to
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3 the tissue affected by the disease. Atherectomy catheters can be used to remove atheromatous 

deposits from the blood vessel and can present an ideal solution when the atheromatous debris 

removed from the vessel is captured and removed from the body.

[0005] One problem that occurs when removing material from a blood vessel is that the material 

may be either soft or hard. Typically, restenotic scar is soft yet tough while atheroma varies in 

texture from soft with little structure, to soft yet fibrotic, to densely fibrotic (hard). Any or all of 

these restenotic or atheromatous tissues may be calcified and the calcified tissues can be 

extremely hard. The hardness and toughness characteristics of the material needing to be cut 

from the vessel may vary along the length of the vessel, around the circumference of the vessel, 

or both. Further, the portion of the vessel to be treated can be quite extensive. For example, the 

portion of the vessel to be treated can extend over a vessel length of 200mm or longer. As such, 

the cutting element of an atherectomy catheter should be able to cut both hard tissue and soft 

tissue.

Object

[0006] It is the object of the present invention to substantially overcome or ameliorate one or 

more of the disadvantages of the prior art, or at least provide a useful alternative.

Summary

[0007] An aspect of the present provides an atherectomy catheter, comprising:

a body having opposite proximal and distal ends and a longitudinal axis, the body 

defining a lumen extending longitudinally therein and an opening in communication with the 

lumen;

a rotatable shaft extending longitudinally within the body lumen and being rotatable 

relative to the body; and

a cutting element having opposite proximal and distal ends, a length extending between 

the proximal and distal ends, and an outer, major diameter, the cutting element being coupled to 

the rotatable shaft for rotating the cutting element relative to the body about a longitudinal axis 

of the cutting element, the cutting element having an inner cup-shaped surface, a cutting edge 

configured for cutting tissue as the cutting element rotates, and at least one abrasive surface 

configured for abrading tissue as the cutting element rotates,

AH26(7156665_1):JSB
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13 wherein the at least one abrasive surface is separate from the cutting edge and on a 

longitudinal portion of the outer, major diameter of the cutting element.

Brief Description of the Drawings

[0008] Preferred embodiments of the present invention will now be described, by way of 

example only, with reference to the accompanying drawings wherein:

[0009] FIG. 1 illustrates an isometric view of an atherectomy catheter.

[0010] FIG. 2 illustrates an isometric cross-sectional view of a portion of the atherectomy 

catheter illustrated in FIG. 1 with a cutting element in a stored position.

[0011] FIG. 3 illustrates an isometric cross-sectional view of a portion of the atherectomy 

catheter illustrated in FIG. 1 with a cutting element in a working position.

[0012] FIG. 4 illustrates an isometric view of an embodiment of a cutting element.

[0013] FIG. 5 illustrates an end view of an embodiment of a cutting element.

AH26(7156665_1):JSB
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[0014] FIG. 6 illustrates an isometric cross-sectional view of an

embodiment of a cutting element.

[0015] FIG. 7 illustrates an end view of another embodiment of a

cutting element, which may be used with the atherectomy catheter of FIG. 1.

[0016] FIGS. 8 and 8A illustrate an isometric view of the raised 

elements of the cutting element of FIG. 7.

[0017] FIG. 9 illustrates an isometric side view of a portion of the 

atherectomy catheter illustrated in FIG. 1 with another embodiment of a cutting 

element in a working position.

[0018] FIG. 10 illustrates an isometric view of the cutting element 

illustrated in FIG. 9.

[0019] FIG. 11 illustrates an isometric view of a further embodiment

of a cutting element suitable for use with the atherectomy catheter illustrated in 

FIG. 1.

[0020] FIG. 12 illustrates an isometric view of one embodiment of a

subassembly used to produce the cutting element illustrated in FIG. 11.

[0021] FIGS. 13A, 13B, 14A, 14B, 15A and 15B illustrate isometric 

views of other embodiments of cutters and cutter subassemblies suitable for use 

with the atherectomy catheter illustrated in FIG. 1.

[0022] FIGS. 16A and 16B illustrate an isometric view of further 

embodiments of a cutter and a subassembly suitable for use with the atherectomy 

catheter illustrated in FIG. 1.

[0023] FIG. 17 illustrates an isometric view of another embodiment

of a subassembly used to produce the cutting element illustrated in FIG. 11.

[0024] FIGS. 18A, 18B and 18C illustrate schematic views of 

methods of using catheters having embodiments of cutting elements in a human 

body.
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Detailed Description

[0025] The invention provides an atherectomy catheter comprising: a 

body having an opening; a rotatable shaft coupled to the body; a tissue collection 

chamber coupled to the body and positioned distal to the cutting element; and a 

cutting element coupled to the rotatable shaft for rotating the shaft about a 

longitudinal axis, the cutting element having a cup-shaped surface and a cutting 

edge, the cup-shaped surface being configured to re-direct tissue cut by the cutting 

edge in a distal direction when the cup-shaped surface moves in the distal direction, 

and the cutting element having at least one abrasive surface. In one embodiment, 

the cutting edge is a radially outer edge of the cutting element. In an embodiment, 

the catheter comprises a raised element extending outwardly from the cup-shaped 

surface of the cutting element. In one embodiment, the cutting edge is a radially 

outer edge of the cutting element and the raised element is recessed proximally 

from the cutting edge when viewed along the longitudinal axis.

[0026] In an embodiment, the cutting element is movable between a 

stored position and a cutting position relative to the opening. In one embodiment, 

the cutting element is moved between the stored position and the cutting position 

by sliding the cutting element against a cam surface. In an embodiment, a distal 

portion of the catheter relative to a proximal portion is deflected by sliding the 

cutting element against the cam surface.

[0027] In embodiments of the invention, the abrasive surface is flush, 

recessed, or elevated in relation to adjacent non-abrasive cutting element surfaces. 

In an embodiment of the invention, the cutting element has a major diameter D in 

the range of 0.030 to 0.100” (0.076 to 0.25 cm). In one embodiment, the cutting 

element has a major diameter D of 0.061” (0.15 cm). In an embodiment, the 

cutting element comprises one abrasive surface, and in another embodiment the 

cutting element comprises two or more abrasive surfaces. The two or more 

abrasive surfaces can comprise at least two surfaces having different abrasive 

properties. In one embodiment, the abrasive surface is comprised of abrasive 

material that has been attached to the cutting element. The abrasive material may 

5
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comprise diamond plate. In one embodiment, the abrasive material has a particle 

size of 10 to 800 microns. In one embodiment, the abrasive surface has been 

produced without attaching abrasive materials to the cutting element. The abrasive 

surface can be produced by knurling, grit blasting, etching, or laser ablation.

[0028] In an embodiment of the invention, the abrasive surface is on 

at least a portion of an outer, major diameter surface of the cutting element. The 

outer, major diameter surface may be parallel to a longitudinal axis LA of the 

cutting element. In one embodiment, the abrasive surface is on a proximal shoulder 

surface of the cutting element. In an embodiment, one or more abrasive surfaces 

are on the entire outer, major diameter surface of the cutting element. In an 

embodiment of the invention, the abrasive surface is on at least the cup-shaped 

surface. In another embodiment, the abrasive surface is on the raised element. In 

another embodiment, the cutting element comprises two or more abrasive surfaces 

having different abrasive properties and the at least two surfaces having different 

abrasive properties are both on a portion of an outer, major diameter surface of the 

cutting element.

[0029] The invention also provides a method of removing material 

from a body lumen, the method comprising: providing an atherectomy catheter, 

placing the catheter in the body lumen; and moving the catheter in the body lumen 

to contact the cutting element with the material in the body lumen. In one 

embodiment, the catheter is moved in a distal direction to contact the cutting edge 

with the material in the body lumen. In another embodiment, the catheter is moved 

in a proximal direction to contact the abrasive surface with the material in the body 

lumen. In an embodiment, the abrasive surface is on a proximal shoulder surface of 

the cutting element. In an embodiment, the catheter is placed in the body lumen 

with the cutting element in the stored position and the catheter is moved to contact 

the material with the cutting element in a cutting position.

[0030] Referring to FIGS. 1 to 4, an atherectomy catheter 2 is shown 

which has a cutting element 4, which is used to cut material from a blood flow 

lumen such as a blood vessel. The cutting element 4 is movable between a stored 

6
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position (FIG. 2) and a cutting position (FIG. 3) relative to an opening 6 in a body 8 

of the catheter 2. The cutting element 4 moves outwardly relative to the opening 6 

so that a portion of the element 4 extends outwardly from the body 8 through the 

opening 6. In one embodiment the cutting element 4 may be positioned relative to 

the body 8 and opening 6 so that less than 90 degrees of the cutting element 4 is 

exposed to cut tissue. In other embodiments more of the cutting element 4 may be 

exposed without departing from numerous aspects of the invention.

[0031] Distal end of catheter 2 is positioned near a treatment site of a 

vessel with cutting element 4 in the stored position. Then catheter 2 is moved 

distally through the vessel with the cutting element 4 in the working or cutting 

position as described in further detail below. As the catheter 2 moves through the 

blood vessel with the cutting element 4 in the working or cutting position the tissue 

material is cut by the cutting element 4 and is directed into a tissue chamber 12 

positioned distal to the cutting element 4. The tissue chamber 12 may be somewhat 

elongated to accommodate the tissue which has been cut.

[0032] To expose cutting element 4 through opening 6 cutting 

element 4 is moved proximally from the stored position so that a cam surface 14 on 

the cutting element 4 engages a ramp 16 on the body 8 of the catheter 2. The 

interaction between the cam surface 14 and the ramp 16 causes the cutting element 

4 to move to the cutting position and also causes a tip 18 to deflect which tends to 

move the cutting element 4 toward the tissue to be cut.

[0033] The cutting element 4 is coupled to a shaft 20 that extends 

through a lumen 21 in the catheter 2. Catheter 2 is coupled to exemplary cutter 

driver 5. Cutter driver 5 is comprised of motor 11, power source 15 (for example 

one or more batteries), microswitch (not shown), housing 17 (upper half of housing 

is removed as shown), lever 13 and connection assembly (not shown) for 

connecting shaft 20 to driver motor 11. Cutter driver 5 can act as a handle for the 

user to manipulate catheter 2. Lever 13, when actuated to close a microswitch, 

electrically connects power source 15 to motor 11 thereby causing rotation of 

cutting element 4. The cutting element 4 is rotated about a longitudinal axis LA

7
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when the shaft 20 rotates. The cutting element 4 is rotated about 1 to 160,000 rpm 

but may be rotated at any other suitable speed depending upon the particular 

application. Further description of catheters similar to catheter 2 are found in US 

Patent Application Serial No. 10/027,418 (published as US 2002/0077642 Al) to 

Patel et al., entitled “Debulking Catheter”, the contents of which are incorporated 

by reference herein.

[0034] Referring to FIG. 5, the cutting element 4 is shown when 

viewed along the longitudinal axis LA. The term “along the longitudinal axis” as 

used herein shall mean for example the view of FIG. 5 that shows the distal end of 

the cutting element 4 when viewed in the direction of the longitudinal axis and/or 

the axis of rotation. The cutting element 4 has a cutting edge 22 that may be a 

continuous, uninterrupted, circular-shaped edge although it may also include ridges, 

teeth, serrations or other features without departing from the scope of the invention. 

The cutting edge 22 may be at a radially outer edge 23 of the cutting element 4 

when the cutting element 4 is in the cutting position.

[0035] The cutting element 4 has a cup-shaped surface 24, which 

directs the tissue cut by the cutting edge 22 into the tissue chamber 12. The cup

shaped surface 24 may be a smooth and continuous surface free of throughholes, 

teeth, fins or other features, which disrupt the smooth nature of the surface 24 for at 

least half the distance from the longitudinal axis LA to the outer radius at the 

cutting edge 22. The cup-shaped surface 24 may also be free of any such features 

throughout an area of at least 300 degrees relative to the longitudinal axis LA.

[0036] Referring to FIGS. 4 to 6, one or more raised elements 26 

extend outwardly from the cup-shaped surface 24 with FIG. 5 showing two raised 

elements 26. The raised element 26 is a small wedge of material that rises 

relatively abruptly from the cup-shaped surface 24. The raised element 26 has a 

first wall 30 and a second wall 32 that both extend radially and form an angle of 

about 20 degrees therebetween so that the two raised elements 26 together occupy 

an area of about 40 degrees and altogether may be less than 60 degrees. A third 

wall 34 extends between the radially inner portion of the first and second walls 30, 

8
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32. The raised element 26 helps to break up hard tissue and plaque by applying a 

relatively blunt force to the hard tissue or plaque since cutting such tissue with the 

cutting edge 22 is often not effective.

[0037] The raised elements 26 altogether occupy a relative small part 

of the cup-shaped surface 24. The raised elements 26 together may occupy less 

than 5% of a surface area of the cutting element 4. The term “surface area of the 

cutting element” as used herein shall mean the surface area which is radially inward 

from the outer or cutting edge 22 and is exposed when viewed along the 

longitudinal axis LA. Stated another way, at least 95% of the surface area of the 

cutting element is a smooth cup-shaped surface when viewed along the longitudinal 

axis. By sizing and positioning the raised element 26 in this manner, the raised 

element 26 does not interfere with the ability of the cutting element 4 to cut and re

direct tissue into the tissue chamber while still providing the ability to break up 

hard tissue and plaque with the raised element 26.

[0038] The raised element 26 may be recessed from the cutting edge 

22 longitudinally and/or radially. The raised element 26 may be recessed 

longitudinally from the cutting edge 0.0010 to 0.0020 inch (0.0025 to 0.0051 cm) 

and may be about 0.0015 inch (0.0038 cm). The raised element 26 may be recessed 

radially from the cutting edge 22 by about the same amount. A distal wall 38 of the 

cutting element 4 forms a flat surface 40, which is perpendicular to the longitudinal 

axis LA so that the entire surface is recessed the same distance from the cutting 

edge. The distal wall 38 may take any other shape, such as a curved shape, or may 

be tilted, inclined or beveled as now described.

[0039] Referring to FIGS. 7 and 8, another cutting element 4A is 

shown wherein the same or similar reference numbers refer to the same or similar 

structure and all discussion concerning the same or similar features of the cutting 

element 4 are equally applicable here. The cutting element 4A has a cutting edge 

22A that may be a continuous, uninterrupted, circular-shaped edge although it may 

also include ridges, teeth, serrations or other features without departing from the 

scope of the invention. The cutting edge 22A may be at a radially outer edge 23A 

9
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of the cutting element 4A when the cutting element 4A is in the cutting position. 

The cutting element 4A has a cup-shaped surface 24A that directs the tissue cut by 

the cutting edge 22A into the tissue chamber 12 (see FIG. 2). The cup-shaped 

surface 24A may be a substantially smooth and continuous surface as described 

above in connection with the cutting element 4.

[0040] One or more raised elements 26A extend outwardly from the 

cup-shaped surface 24A. FIG. 8 shows four raised elements 26A but may include 

any number such as 2, 3, 4, 6 or 8 raised elements. The raised element 26A is a 

small wedge of material that rises relatively abruptly from the cup-shaped surface 

24A. The raised element 26A has a first wall 30A and a second wall 32A which 

both extend radially and form an angle of about 1 to 30 degrees therebetween so 

that the four raised elements 26A together occupy an area of about 4 to 60 degrees 

and altogether may be less than 60 degrees altogether. A third wall 34A extends 

between the radially inner portion of the first and second walls 30A, 32A. The 

raised elements 26A may occupy a relative small part of the cup-shaped surface 

24A and may be recessed from the cutting edge 22A in the manner described above 

in connection with the cutting element 4.

[0041] A distal wall 38A of the cutting element 4A has a surface 40A 

that forms an angle of about 30 to 90 degrees with respect to the longitudinal axis 

LA. The entire surface 40A may still be somewhat close to but recessed from the 

cutting edge 22A so that the entire surface 40A is 0.0010 to 0.0050 inch (0.0025 to 

0.013 cm) from the cutting edge. An edge 50 formed at the intersection of wall 

30A and distal wall 38A is closer to the cutting edge 22A than an edge 52 formed 

at the intersection of wall 32A and distal wall 38A. The cutting element 4A may be 

rotated in either direction so that the raised edge 50 may be the leading or trailing 

edge. The raised edge may be 0.0010 to 0.0020 inch from the cutting edge. The 

raised elements 26A may all be formed in the same manner or may be different 

from one another. For example, some of the elements 26A could be angled in 

different directions so that two of the elements have the raised edge 50 as the 

leading edge and two of the elements 26A have the raised edge 50 as the trailing 

10
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edge. The raised elements 26A may also subtend different angles, be of different 

heights or may have different radial lengths without departing from various aspects 

of the present invention.

[0042] Use of the catheter 2 is now described in connection with the 

cutting element 4 but is equally applicable to use of the catheter 2 with the cutting 

element 4A. The catheter 2 is introduced into the patient in a conventional manner 

using a guidewire (not shown) or the like. The catheter 2 is advanced over the 

guidewire with the cutting element in the stored position of FIG. 2 until the catheter 

is positioned at the location where material is to be removed. The cutting element 4 

is then moved proximally so that the ramp 16 and cam surface 14 engage to move 

the cutting element 4 to the cutting position of FIG. 3 and to deflect the tip of the 

catheter 2 to move the cutting element 4 toward the tissue to be cut. The cutting 

element 4 is rotated about longitudinal axis LA and catheter 2 is then moved 

distally through the vessel so that the cutting element 4 cuts tissue. The tissue, 

which has been cut, is directed into the tissue chamber 12.

[0043] FIGS. 9 to 17 illustrate further embodiments of cutting

elements well suited to cut and remove from a blood vessel both relatively soft 

tissue and relatively hard tissue. Any of cutting elements 90, 100, 130, 140, 150a, 

150b, 160 may be substituted in place of cutting element 4, 4A of catheter 2. In 

one example FIG. 9 illustrates cutting element 90 assembled into catheter 2, with 

cutting element 90 exposed through window 6 in a working or cutting position. In 

FIGS. 9, 10, 11, 13A, 14A, 15A, 15B, 16A and 17 abrasive surfaces 92, 102, 102’, 

132, 142, 152a, 152b, 162a, 162b are schematically illustrated by means of not-to- 

scale cross hatching. In various embodiments abrasive surfaces are flush with, 

elevated in relation to, or recessed in relation to adjacent non-abrasive cutting 

element surfaces.

[0044] Cutting elements 90, 100, 130, 140, 150a, 150b, 160 are

comprised of cutting blade 22, abrasive surface 92, 102, 102’, 132, 142, 152a, 

152b, 162a, 162b, cutter blank 96, 106, 106’, 136, 146, 156a, 156b, 166, and may 

be comprised of abrasive materials 94, 104, 104’, 134, 144, 154a, 154b, 164a, 

11
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164b. Cutting element major diameter D (see, for example, FIG. 10) is 

contemplated to be in the range of 0.030” to 0.100” (0.076 to 0.25 cm). In one 

embodiment, cutting element major diameter is 0.061” (0.15 cm). In other 

embodiments cutting element major diameter is 0.035”, 0.040”, 0.043”, 0.050”, 

0.055”, 0.065”, 0.069”, 0.075”, 0.080” or 0.090” (0.089 cm, 0.10 cm, 0.11 cm, 0.13 

cm, 0.14 cm, 0.17 cm, 0.18 cm, 0.19 cm, 0.20 cm, or 0.23 cm). While cutting 

element 90, 100, 130, 140, 150a, 150b, 160 major diameter D (for example, see 

FIG. 10) is generally illustrated as comprised of a cylinder having parallel sides, it 

is contemplated that the abrasive surface in the vicinity of the major diameter may 

be concave towards axis LA-LA, convex towards axis LA-LA, or may have other 

shapes.

[0045] Cutting blade 22 may be comprised of hard, tough, abrasion 

resistant materials such as steel, tungsten carbide, tungsten carbide loaded with 5% 

to 20% nickel, silicon carbide, titanium nitride, or other materials and may be 

produced by processes comprised of heat treating, ion implantation, grinding, 

honing, sharpening, Electrostatic Discharge Machining (EDM) and other processes. 

In one embodiment cutting blade 22 is comprised of tungsten carbide loaded with 

15% nickel. Cutter blank 96, 106, 106’, 136, 146, 156a, 156b, 166 maybe 

comprised of hardened steel, stainless steel, titanium and its alloys, or other 

materials and may be comprised of one or more recessed or reduced diameter (as 

compared to cutting element major diameter D - see for example FIG. 10) regions 

107, 137, 147, 167a, 167b into which abrasive materials may be secured. In one 

embodiment the cutter blank is comprised of full hardened #465 stainless steel.

[0046] Abrasive materials 94, 104, 104’, 134, 144, 154a, 154b, 164a,

164b may be comprised of hard, particulate materials such as diamond, silicon 

carbide, aluminum oxide, tungsten carbide, metal, hardened steel or other materials, 

having a range of particle sizes and may be defined by grit size. In one embodiment 

the abrasive materials have a particle size of 40 microns. In other embodiments 

abrasive materials having particle sizes of 10, 20, 75, 100, 200, 300, 400, 500, 600, 

700 or 800 microns are contemplated. In some embodiments the abrasive materials 
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have grit sizes ranging from P2000 to P24 or anywhere in between as defined by 

ISO Standard 6344. In further embodiments the abrasive materials have grit sizes 

ranging from 1000 to 24 or anywhere in between as defined by the Coated Abrasive 

Manufacturers Institute (CAMI). In some embodiments abrasive materials may be 

attached to cutter blank 96, 106, 106’, 136, 146, 156a, 156b, 166 by means of 

adhesive bonding, soldering, brazing, welding, sintering, diffusion bonding, 

plating, press fit or other means. In some embodiments abrasive surface 92, 102, 

102’, 132, 142, 152a, 152b, 162a, 162b is formed into cutter blank 96, 106, 106’, 

136, 146, 156a, 156b, 166 without the use of abrasive materials by processes such 

as knurling, grit blasting, etching, laser ablation and other processes. In one 

embodiment abrasive material 94, 104, 104’, 134, 144, 154a, 154b, 164a, 164b is 

comprised of diamond plate.

[0047] In another embodiment FIG. 17 illustrates an exemplary

method for producing cutting elements 90, 100, 130, 140, 150a, 150b, 160. While 

the method is illustrated in the figure using cutting element 100 as an example, it is 

contemplated that the method with minor modification can be used to produce other 

cutting elements herein described. In the method, cutting element 100 is comprised 

of cutter preform 101, abrasive material preform 103 and cutter blank 106’. Cutter 

preform 101, abrasive material preform 103 and cutter blank 106’ are comprised of 

the same materials and processes described above for cutting blade 22, abrasive 

materials 94, 104, 104’, 134, 144, 154a, 154b, 164a, 164b and cutter blank 96, 106, 

106’, 136, 146, 156a, 156b, 166 respectively. Cutter preform 101 is further 

comprised of through holes 109 and cutter blank 106’ is further comprised of 

fingers 108 which are slidably received within through holes 109. Fingers 108 are 

configured to slide within inner diameter of preform 103.

[0048] To assemble cutting element 100 using the method illustrated 

in FIG. 17 cutter preform 101, abrasive material preform 103 and cutter blank 106’ 

are prefabricated as individual components. Thereafter abrasive material preform 

103 is slid over fingers 108 and cutter preform 101 is slid over fingers 108 with 

fingers 108 slidably received in through holes 109, thereby sandwiching abrasive 
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material preform 103 between cutter preform 101 and cutter blank 106’. Fingers 

are next secured to cutter preform 101 by means of processes or a combination of 

processes such as adhesive bonding, soldering, brazing, welding, sintering, 

diffusion bonding, mechanically deforming the fingers, or other processes. 

Advantages of the assembly method described are that the cutter preform 101, 

abrasive material preform 103 and cutter blank 106’ can be comprised of different 

materials, and can be processed by different methods. Also by using the method, 

cutting elements such as cutting element 100 can be assembled from relatively 

inexpensive components.

[0049] One or more surfaces of cutting element 90, 100, 130, 140, 

150a, 150b, 160 maybe comprised of an abrasive surface 92, 102, 102’, 132, 142, 

152a, 152b, 162a, 162b including but not limited to, if present, the outer diameter, 

major diameter, minor diameter, concave surface, convex surface, raised elements, 

and other surfaces. Exemplary cutters having various configurations of abrasive 

surfaces are illustrated and discussed below.

[0050] FIGS. 9 and 10 illustrate cutting element 90 comprised of 

cutting blade 22 and abrasive surface 94 on a portion of major diameter 91a and on 

proximal facing shoulder 91b. When assembled into catheter 2 with cutting 

element 90 exposed through window 6 in a working or cutting position, cutting 

element 90 can be advanced distally while rotating about axis LA-LA to cut soft 

material by means of blade 22 and can be retracted proximally while rotating about 

axis LA-LA to cut or abrade hard material by means of abrasive surface 94. 

Cutting element 90 can be used to selectively remove soft material, hard material, 

or both.

[0051] FIG. 11 illustrates cutting element 100 comprised of cutting 

blade 22 and abrasive surface 104 on a portion of major diameter 101a. When 

assembled into catheter 2 with cutting element 100 exposed through window 6 in a 

working or cutting position, cutting element 100 can be advanced distally while 

rotating about axis LA-LA to cut soft material by means of blade 22 and can be 

retracted proximally while rotating about axis LA-LA to cut or abrade hard material 
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by means of abrasive surface 104. Cutting element 100 can be used to selectively 

remove soft material, hard material, or both. FIG. 12 illustrates cutter blank 106.

[0052] FIG. 13 A illustrates cutting element 130 comprised of cutting 

blade 22 and abrasive surface 134 on all of major diameter 131a and on proximal 

facing shoulder 131b. When assembled into catheter 2 with cutting element 130 

exposed through window 6 in a working or cutting position, cutting element 130 

can be advanced distally while rotating about axis LA-LA to cut soft material by 

means of blade 22 and can be retracted proximally while rotating about axis LA- 

LA to cut or abrade hard material by means of abrasive surface 134. Cutting 

element 130 can be used to selectively remove soft material, hard material, or both, 

and can abrade large amounts of material per pass due to the large surface area 

covered with abrasive material. FIG. 13B illustrates cutter blank 136.

[0053] FIG. 14A illustrates cutting element 140 comprised of cutting 

blade 22 and abrasive surface 144 on proximal facing shoulder 141b. When 

assembled into catheter 2 with cutting element 140 exposed through window 6 in a 

working or cutting position, cutting element 140 can be advanced distally while 

rotating about axis LA-LA to cut soft material by means of blade 22 and can be 

retracted proximally while rotating about axis LA-LA to cut or abrade hard material 

by means of abrasive surface 144. Cutting element 140 can be used to selectively 

remove soft material, hard material, or both, and will abrade less material per pass 

than cutting element 130 for a given abrasive material grit size, surface speed, and 

exposure through window 6. FIG. 14B illustrates cutter blank 146.

[0054] FIG. 15 A illustrates cutting element 150a comprised of cutting 

blade 22, optional raised elements 26, 26A and abrasive surface 154a on cup

shaped surface 24 and optionally on any or all surfaces of raised elements 26, 26A. 

When assembled into catheter 2 with cutting element 150a exposed through 

window 6 in a working or cutting position, cutting element 150a can be advanced 

distally while rotating about axis LA-LA to cut soft material by means of blade 22 

and also cut or abrade hard material by means of abrasive surface 154a and 

(optional) raised elements 26, 26A. Material so cut by cutting element 150a will be

15



WO 2010/126882 PCT/US2010/032558

directed into tissue chamber 12 by means of cup-shaped surface 24 of cutting

element 150a.

[0055] FIG. 15B illustrates cutting element 150b comprised of cutting 

blade 22, optional raised elements 26, 26A and abrasive surface 154b on cup

shaped surface 24, optionally on any or all surfaces of raised elements 26, 26A, at 

least a portion of major diameter 151a and on proximal facing shoulder 151b. 

When assembled into catheter 2 with cutting element 150b exposed through 

window 6 in a working or cutting position, cutting element 150b can be advanced 

distally while rotating about axis LA-LA to cut soft material by means of blade 22 

and also cut or abrade hard material by means of abrasive surfaces 154b and 

(optional) raised elements 26, 26A, and can be retracted proximally while rotating 

about axis LA-LA to cut or abrade hard material by means of abrasive surface 154a 

on shoulder 151b and major diameter 151a. Material cut by distal advancement of 

cutting element 150b will be directed into tissue chamber 12 by means of cup

shaped surface 24 of cutting element 150b.

[0056] FIG. 16A illustrates cutting element 160 comprised of cutting 

blade 22 and abrasive surfaces 164a, 164b on a portion of major diameter 161a. 

When assembled into catheter 2 with cutting element 160 exposed through window 

6 in a working or cutting position, cutting element 160 can be advanced distally 

while rotating about axis LA-LA to cut soft material by means of blade 22 and can 

be retracted proximally while rotating about axis LA-LA to cut or abrade hard 

material by means of abrasive surfaces 164a, 164b. In one embodiment abrasive 

surface 164a is more aggressive than abrasive surface 164b, and will quickly 

abrade large material deposits LD that extend a large distance from the luminal 

surface LS of a vessel V, while abrasive surface 164b will slowly abrade small 

material deposits SD that extend a short distance from the luminal surface LS of a 

vessel V. Also, in this embodiment, abrasive surface 164b will cause less trauma to 

luminal surface LS of vessel V than abrasive surface 164a because abrasive surface 

164b is less aggressive than abrasive surface 164a. Further, in some embodiments,
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abrasive surface 164b may be used to polish the luminal surface(s) of deposits in 

the vessel. FIG. 16B illustrates cutter blank 166.

[0057] In some embodiments cutting element 160 may be comprised 

of more than two surfaces of different abrasive characteristics on major diameter 

161a. For example, cutting element 160 may be comprised of 3, 4, 5, 6, or more 

surfaces of different abrasive characteristics. In one embodiment cutting element 

160 is comprised of an abrasive surface that continuously changes from a less 

aggressive surface to a more aggressive surface on major diameter 161a. In some 

embodiments the continuously changing abrasive surface is least aggressive at the 

surface’s distal most extent, or most aggressive at the surface’s distal most extent.

[0058] In another embodiment, catheters 2 comprised of cutting 

elements 90, 100, 130, 140, 150a, 150b, 160 having both cutting blades and 

abrasive surfaces may be further comprised of cutter driver 5 capable of rotating 

the cutting element at two or more speeds. In one embodiment a cutter driver 5 is 

contemplated that rotates the cutting element at a first speed when cutting with 

cutting blade 22 and rotates the cutting element at a second speed when abrading 

with abrasive surface 92, 102, 102’, 132, 142, 152a, 152b, 162a, 162b. In some 

embodiments the first speed is chosen such that cutter surface speed is effective for 

cutting soft material and the second speed is chosen such that abrasive surface 

speed is effective for quickly abrading hard material. In other embodiments cutter 

driver 5 rotates cutting element 90, 100, 130, 140, 150a, 150b, 160 at variable 

speeds. Cutting element first and second speeds are contemplated to be in the 

range of 1,000 to 160,000 RPM. In one embodiment, cutting element first and 

second speeds are 8,000 RPM. In other embodiments cutting element first and 

second speeds are 1,000 RPM, 2,000 RPM, 4,000 RPM, 16,000 RPM, 32,000 

RPM, 64,000 RPM, 80,000 RPM or 120,000 RPM. In some embodiments, cutting 

element second speed is contemplated to be in the range of 1,000 to 100,000 RPM 

greater than cutting element first speed. In one embodiment, cutting element 

second speed is 50,000 RPM greater than cutting element first speed. In other 

embodiments cutting element second speed is 5,000 RPM, 10,000 RPM, 20,000
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RPM, 40,000 RPM or 75,000 RPM greater than cutting element first speed. In still 

further embodiments cutting element surface speed against the vessel wall material 

is contemplated to be in the range of 50 to 4,150 surface feet per minute (SFM). In 

one embodiment, cutting element surface speed is 1,500 SFM. In other 

embodiments cutting element surface speed is 100 SFM, 200 SFM, 800 SFM, 

2,000 SFM or 3,000 SFM. In other embodiments cutting element surface speeds at 

cutting element second speed (RPM) are contemplated to be in the range of 100 to 

3,000 SFM greater than cutting element surface speed at cutting element first speed 

(RPM). In one embodiment, cutting element second surface speed is 2,000 SFM 

greater than cutting element first surface speed. In other embodiments cutting 

element second surface speed is 200 SFM, 500 SFM, 1,000 SFM or 2,500 SFM 

greater than cutting element first surface speed. Cutting element variable speed 

ranges, both RPM and SFM, are contemplated to vary within the same ranges as 

cutting element first and second speeds.

[0059] Cutter drivers 5 capable of rotating cutting element 90, 100, 

130, 140, 150a, 150b, 160 at a first speed and at a second speed may be comprised 

of a two position microswitch that electrically connects one battery to motor 11 

causing rotation of motor 11 at a first speed and that electrically connects two 

batteries to motor 11 causing rotation of motor 11 at a second speed, or other 

means. Cutter drivers 5 capable of rotating cutting element 90, 100, 130, 140, 

150a, 150b, 160 at a variable speed may be comprised of a variable resistance 

microswitch that electrically connects a variable resistance between battery and 

motor 11 causing variable speed rotation of motor 11, or other means.

[0060] Exemplary methods of using an atherectomy catheter

comprised of cutting elements having both cutting blades and abrasive surfaces to 

cut and remove material from a body of a patient are now described.

[0061] Using techniques known in the art, a guidewire GW is

percutaneously inserted into a patient’s body and advanced to a region of interest in 

a patient’s blood vessel V. Using imaging techniques such as fluoroscopy a 

diseased portion of the vessel is identified and an atherectomy catheter (such as 
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catheter 2) comprised of a cutting element CE, for example cutting element 90, 

100, 130, 140, 150b, 160, having appropriate characteristics for treatment site T is 

chosen. With reference to FIG. 18A, catheter 2 is advanced over the guidewire to 

the treatment site with the cutting element in a stored position. Using imaging 

techniques such as fluoroscopy the cutting element is positioned at a desired 

location relative to (in some methods proximal to) the treatment site.

[0062] Catheter shaft 20 is held stationary, the cutting element CE is 

manipulated into a cutting position (i.e. exposed through window 6) and cutting 

element rotation is activated using lever 13. Catheter shaft 20 is advanced distally 

causing cutter blade 22 to cut material M from luminal surface LS of vessel V. 

Cup shaped surface 24 directs cut fragments of material M through thru window 6 

into collection chamber 12 (FIG. 18B). Catheter shaft 20 is retracted proximally 

and abrasive surface AS, for example abrasive surface 92, 102, 102’, 132, 142, 

152a, 152b, 162a, 162b, abrades material M from luminal surface LS of vessel V 

(FIG. 18C). Rotation of the cutting element is stopped, the cutting element is 

returned to the storage position and catheter 2 is withdrawn from the treatment site 

T.

[0063] In some methods the cutting element is rotated at a first speed 

when cutting material M from luminal surface LS of vessel V and the cutting 

element is rotated at a second speed when abrading material M from luminal 

surface LS of vessel V. In some methods the second speed is greater than the first 

speed.

[0064] In another method guidewire GW is percutaneously inserted 

into a patient’s body and advanced to a region of interest in a patient’s blood vessel 

V. Using imaging techniques such as fluoroscopy a diseased portion of the vessel 

is identified and an atherectomy catheter (such as catheter 2) comprised of a cutting 

element CE, for example cutting element 150b having appropriate characteristics 

for treatment site T is chosen. With reference to FIG. 18A, catheter 2 is advanced 

over the guidewire to the treatment site with the cutting element in a stored 

position. Using imaging techniques such as fluoroscopy the cutting element is
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positioned at a desired location relative to (in some methods proximal to) the

treatment site.

[0065] Catheter shaft 20 is held stationary, the cutting element is 

manipulated into a cutting position (i.e. exposed through window 6) and cutting 

element rotation is activated using lever 13. Catheter shaft 20 is advanced distally 

causing cutter blade 22 to cut and abrasive surface AS to abrade material M from 

luminal surface LS of vessel V. Cup shaped surface 24 directs cut and abraded 

fragments of material M through thru window 6 into collection chamber 12 (FIG. 

18B). Catheter shaft 20 is retracted proximally and abrasive surface AS, for 

example abrasive surface 152b, abrades material M from luminal surface LS of 

vessel V (FIG. 18C). Rotation of the cutting element is stopped, the cutting 

element is returned to the storage position and catheter 2 is withdrawn from the 

treatment site T.

[0066] In some methods the cutting element is rotated at a first speed 

when cutting material M from luminal surface LS of vessel V and the cutting 

element is rotated at a second speed when abrading material M from luminal 

surface LS of vessel V. In some methods the second speed is greater than the first 

speed.

[0067] In yet another method guidewire GW is percutaneously 

inserted into a patient’s body and advanced to a region of interest in a patient’s 

blood vessel V. Using imaging techniques such as fluoroscopy a diseased portion 

of the vessel is identified and an atherectomy catheter (such as catheter 2) 

comprised of a cutting element CE, for example cutting element 150a, having 

appropriate characteristics for the treatment site T is chosen. With reference to 

FIG. 18A, catheter 2 is advanced over the guidewire to the treatment site with the 

cutting element in a stored position. Using imaging techniques such as fluoroscopy 

the cutting element is positioned at a desired location relative to (in some methods 

proximal to) the treatment site.

[0068] Catheter shaft 20 is held stationary, the cutting element is 

manipulated into a cutting position (i.e. exposed through window 6) and cutting 
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element rotation is activated using lever 13. Catheter shaft 20 is advanced distally 

causing cutter blade 22 to cut and abrasive surface AS to abrade material M from 

luminal surface LS of vessel V. Cup shaped surface 24 directs cut and abraded 

fragments of material M through thru window 6 into collection chamber 12 (FIG. 

18B). Rotation of the cutting element is stopped, the cutting element is returned to 

the storage position and catheter 2 is withdrawn from the treatment site T.

[0069] In some methods the cutting element is rotated at a first speed 

when cutting material M from luminal surface LS of vessel V and the cutting 

element is rotated at a second speed when abrading material M from luminal 

surface LS of vessel V. In some methods the second speed is greater than the first 

speed.

[0070] In addition to use in blood vessels the invention is envisioned 

to be useful for removal of blockages in other blood flow lumens such as natural or 

artificial grafts, stent-grafts, anastomotic sites, fistulae, or other blood flow lumens.

[0071] The present invention has been described in connection with 

preferred embodiments but may, of course, be practiced while departing from the 

above described embodiments. For example, three or more raised elements may be 

provided or cutting edge may be serrated without departing from numerous aspects 

of the present invention.

[0072] The above description and the drawings are provided for the 

purpose of describing embodiments of the invention and are not intended to limit 

the scope of the invention in any way. It will be apparent to those skilled in the art 

that various modifications and variations can be made without departing from the 

spirit or scope of the invention. Thus, it is intended that the present invention cover 

the modifications and variations of this invention provided they come within the 

scope of the appended claims and their equivalents. Further, while choices for 

materials and configurations may have been described above with respect to certain 

embodiments, one of ordinary skill in the art will understand that the materials and 

configurations described are applicable across the embodiments.
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3 CLAIMS

1. An atherectomy catheter, comprising:

a body having opposite proximal and distal ends and a longitudinal axis, the body 

defining a lumen extending longitudinally therein and an opening in communication with the 

lumen;

a rotatable shaft extending longitudinally within the body lumen and being rotatable 

relative to the body; and

a cutting element having opposite proximal and distal ends, a length extending between 

the proximal and distal ends, and an outer, major diameter, the cutting element being coupled to 

the rotatable shaft for rotating the cutting element relative to the body about a longitudinal axis 

of the cutting element, the cutting element having an inner cup-shaped surface, a cutting edge 

configured for cutting tissue as the cutting element rotates, and at least one abrasive surface 

configured for abrading tissue as the cutting element rotates,

wherein the at least one abrasive surface is separate from the cutting edge and on a 

longitudinal portion of the outer, major diameter of the cutting element.

2. The catheter of claim 1, wherein the cutting edge is a radially outer edge of the cutting 

element.

3. The catheter of claim 1 or claim 2, wherein the catheter comprises a raised element 

extending outwardly from the cup-shaped surface of the cutting element.

4. The catheter of claim 3, wherein:

the cutting edge is a radially outer edge of the cutting element; and

the raised element is recessed proximally from the cutting edge when viewed along the 

longitudinal axis.

5. The catheter of any one of claims 1 to 4, wherein the cutting element is movable between 

a stored position and a cutting position relative to the opening.

6. The catheter of any one of claims 1 to 5, wherein the abrasive surface is flush, recessed, 

or elevated in relation to adjacent non-abrasive cutting element surfaces.
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3 7. The catheter of any one of claims 1 to 6, wherein the cutting element comprises two or 

more abrasive surfaces.

8. The catheter of any one of claims 1 to 7, wherein the cutting element comprises two or 

more abrasive surfaces having different abrasive properties.

9. The catheter of any one of claims 1 to 8, wherein the abrasive surface is comprised of 

abrasive material that has been attached to the cutting element or wherein the abrasive surface 

has been produced without attaching abrasive materials to the cutting element.

10. The catheter of any one of claims 1 to 9, wherein the abrasive surface is parallel to a 

longitudinal axis LA of the cutting element.

11. The catheter of any one of claims 1 to 10, wherein the abrasive surface is on a proximal 

shoulder surface of the cutting element.

12. The catheter of any one of claims 1 to 11, wherein another abrasive surface is on at least 

the cup-shaped surface.

13. The catheter of any one of claims 1 to 12, wherein the catheter comprises a raised 

element extending outwardly from the cup-shaped surface of the cutting element and the 

abrasive surface is on the raised element.

14. The catheter of any one of claims 1 to 13, wherein the cutting element comprises two or 

more abrasive surfaces having different abrasive properties on portions of an outer, major 

diameter surface of the cutting element.

15. An atherectomy catheter substantially as hereinbefore described with reference to the 

accompanying drawings.
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