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EXPANDABLE ATHERECTOMY BURR 

FIELD OF THE INVENTION 

[0001] The present invention relates to medical devices, in 
particular to expandable atherectomy burrs for creating 
variably siZed lumens in a vessel. 

BACKGROUND OF THE INVENTION 

[0002] Atherectomy is becoming a commonly accepted 
medical technique to remove deposits from a patient’s 
vessel. In a typical atherectomy procedure, a guide catheter 
and guideWire are advanced through the patient’s vascula 
ture to the point of the occlusion. Next, a driveshaft having 
a burr at or near its distal end is advanced over the guideWire 
and the driveshaft is rotated at high speed to cause the burr 
to ablate deposits in the vessel. The diameter of the burr is 
less than the diameter of the guide catheter through Which it 
is routed. Therefore, the siZe of the lumen that can be created 
in the vessel is also limited. If the physician Wishes to create 
a larger lumen, another atherectomy burr With a larger 
diameter and perhaps a neW guide catheter must be routed 
over the guideWire and the procedure is repeated. HoWever, 
it is also Well knoWn that the risk of patient complications 
may increase as larger guide catheters are used. In addition, 
the use of multiple atherectomy burrs increases the cost and 
the time required to complete an atherectomy procedure. 
Therefore, there is a need for an atherectomy device that can 
create lumens in a vessel that are larger than the diameter of 
the guide catheter used to deliver the burr to the site of the 
occlusion. 

SUMMARY OF THE INVENTION 

[0003] The present invention is an atherectomy burr for 
creating variably siZed lumens in a patient’s vessel. The 
atherectomy burr includes a distal end, a proximal end and 
one or more cutting members that expand radially outWard 
as the burr rotates. Each of the cutting members has a cutting 
surface that ablates occluding matter from the vessel as the 
burr is rotated. The invention also includes a variety of 
mechanisms to limit expansion of the cutting members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same become better understood by ref 
erence to the folloWing detailed description, When taken in 
conjunction With the accompanying draWings, Wherein: 

[0005] FIG. 1 is an isometric exploded vieW of an expand 
able atherectomy burr according to a ?rst embodiment of the 
present invention; 

[0006] FIGS. 2A-2D illustrate the atherectomy burr shoWn 
in FIG. 1 in an open and closed state and hoW the effective 
cutting diameter changes as the burr is rotated; 

[0007] FIG. 3 illustrates an alternative embodiment of an 
expandable atherectomy burr including a number of expand 
able cutting members that are formed as disks according to 
another aspect of the present invention; 

[0008] FIG. 4 illustrates a ?rst embodiment of an expand 
able cutting disk according to the present invention; 
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[0009] FIGS. 5 is a partial, exploded isometric vieW of an 
expandable atherectomy burr constructed With a number of 
cutting disks of the type shoWn in FIG. 4; 

[0010] FIGS. 6A and 6B illustrate an alternative embodi 
ment of an expandable cutting disk according to the present 
invention; 
[0011] FIGS. 7A and 7B shoW another alternative 
embodiment of an expandable cutting disk according to the 
present invention; and 

[0012] FIGS. 8A and 8B illustrate another alternative 
embodiment of an expandable cutting disk according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0013] FIG. 1 illustrates an expandable atherectomy burr 
10 constructed in accordance With one embodiment of the 
present invention. The atherectomy burr 10 is secured to a 
driveshaft 12 Which rotates the burr in order to remove 
deposits from a vessel. The atherectomy burr 10 includes a 
proximal end 14 having an opening (not shoWn) into Which 
the driveshaft 12 is secured by a suitable technique such as 
With an adhesive or by Welding. The ablation burr 10 also 
includes a distal end 16 having a relatively smooth atrau 
matic tip 17. The proximal end 14 of the burr is coupled to 
the distal end 16 With a connecting post 18. The connecting 
post 18 is formed as a center tube 20 having a pair of 
diametrically opposed side rails 22 and 24 that run along the 
length of the center tube 20. The end of the center tube 20 
in combination With the side rails 22, 24 form a key that ?ts 
Within a corresponding keyWay 26 in the proximal end 14 of 
the burr and a similar keyWay that is formed Within the distal 
end 16. The connecting post 18 is secured to the proximal 
end 14 and the distal end 16 of the burr by a suitable 
technique such as With an adhesive or by Welding. In the 
space betWeen the proximal end 14 and the distal end 16 of 
the burr, the side rails 22 and 24 have raised top and bottom 
edges 30a, 30b, 32a, 32b that provide camming surfaces as 
Will be described in further detail beloW. 

[0014] To provide a variable diameter cutting action, the 
burr 10 includes tWo or more expandable cutting members 
that are secured around the connecting post 18. In this 
embodiment, each cutting member is formed as a pair of 
outWardly sWinging arms 36 that are secured by a pair of 
pins 38 that ?t Within a corresponding hole 40 in the 
proximal end of the burr 14 and a hole (not shoWn) in the 
rear surface of the distal end 16. The arms 36 are free to 
pivot radially outWard on the pins 38. Each of the arms 36 
has an arcuate or curved outer surface such that When the 
arms 36 are in their fully retracted state, the burr 10 has a 
cylindrical pro?le. 
[0015] The outer surface of the arms 36 is at least partially 
covered With an abrasive or other suitable cutting surface. As 
the burr is rotated, the cutting surface on the arms 36 
engages a lesion Within the vessel and removes portions of 
the occluding matter. In addition, the distal and proximal 
ends of the outer surface of the arms may include a bevel 44 
that helps to ensure the arms can be retracted to their closed 
position When the burr is WithdraWn into the surrounding 
catheter. 

[0016] When the burr 10 is rotated by the driveshaft 12, 
the arms 36 are expanded radially outWard by the centrifugal 
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force of rotation. The size of the arms in the area of the pins 
38 and the siZe of the raised edges 30a, 30b, 32a, 32b on the 
side rails 24 cooperate to form stops Which limit the extent 
to Which the arms can travel radially outWard. 

[0017] FIG. 2A illustrates the ablation burr 10 With the 
arms 36 fully extended. As shoWn in FIG. 2B, the effective 
cutting diameter of the burr, as indicated by the arroW 50, is 
larger than the cutting diameter of the burr When the arms 36 
are in the fully retracted position as shoWn in FIG. 2C and 
as indicated by the arroW 52 shoWn in FIG. 2D. 

[0018] In operation, the physician advances the ablation 
burr 10 through a guide catheter having a diameter that is 
preferably just larger than the diameter of the burr 10 With 
the arms 36 in the retracted position. Once the ablation burr 
has been extended past the distal end of the guide catheter, 
rotational motion is applied to the driveshaft 12, such that 
the arms 36 begin expanding radially outWard. The ablation 
burr 10 is passed through an occlusion in order to remove a 
portion of the occluding material from the vessel. If desired, 
aspiration may be applied to the guide catheter to remove 
ablated particles during the procedure. Each time the burr is 
passed through the occlusion, more material is removed and 
the arms 36 can extend further outWards until they reach the 
point of maximum diameter, thereby creating a maximum 
siZed lumen in the vessel. 

[0019] In the embodiment of the invention shoWn in FIG. 
1, the arms 36 are preferably made from a relatively hard 
material such as plastic or metal by metal injection molding, 
casting, electro-discharge machining or electroforming. 
Metal injection molding for the arms 36 and the post 18 is 
the currently preferred manufacturing technique. Each arm 
has an inner surface 45 that ?ts around the circular tube 20 
of the connecting post 18. It Will be appreciated that With 
their design, the burr should be rotated such that the arms 
lead With the side having the pins 38. If the burr is rotated 
in the other direction, such that the free ends of the arms 36 
lead, the burr may bind in the vessel. 

[0020] As an alternative to the embodiment shoWn in 
FIGS. 1 and 2A-2D, the arms 36 may be made of an 
elastomeric sheet having one edge secured to the burr and a 
free end that can Wrap around the circumference of the burr 
and expand radially outWard When the burr is rotated. The 
elastomeric sheets can be plated With an abrasive as 
described in Us. Pat. No. 6,096,054, Which is incorporated 
by reference. By plating both sides of the sheet, the burr can 
be rotated in either direction. 

[0021] FIG. 3 illustrates an alternative embodiment of an 
expandable atherectomy burr in accordance With another 
aspect of the present invention. The atherectomy burr 80 
includes a proximal end 82 and a distal end 84. The proximal 
end 82 is secured to a driveshaft 86 that rotates the burr in 
order to remove deposits from a patient’s vessel. 

[0022] SandWiched betWeen the proximal end 82 and the 
distal end 84 of the burr are a number of expandable cutting 
members 88-96 having abrasive or cutting surfaces that 
expand radially outWard When the atherectomy burr 80 is 
rotated. The cutting surfaces of at least some of the cutting 
members are oriented in a different direction such that 
together the complete set of cutting members provide cutting 
surfaces that extend around the circumference of the burr. 

[0023] FIG. 4 illustrates one embodiment a cutting mem 
ber according to the present invention. The cutting member 
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is a disk 96 having a frame 98 in Which guides a pair of 
cutting elements 100, 102 in a slot 104. The outermost edge 
of the cutting elements 100, 102 is etched or plated With an 
abrasive surface to form a series of teeth 106 that abrade 
occluding material in the vessel as the atherectomy burr is 
rotated. Each of the cutting elements 100, 102 is biased With 
a spring 110, 112 respectively. The springs are connected at 
one end to an inner surface of the cutting elements and to a 
hub 114 that is aligned With a hole 126 (FIG. 5) in the frame 
98 to alloW a guideWire to pass through the frame 98 and the 
cutting element. In one embodiment of the invention, the 
tWo cutting elements 100, 102 are connected together by a 
pair of mechanical fuses 116 that comprise thin regions of 
material joining the tWo cutting elements. When the burr is 
rotated With suf?cient centrifugal force, the mechanical 
fuses 116 break, thereby alloWing the tWo cutting elements 
100, 102 to separate and expand radially outWard Within the 
slot 104. The centrifugal force is counteracted by the springs 
110, 112 Which operate to return the cutting elements 100, 
102 toWards the center of the burr after rotation of the burr 
has ceased. 

[0024] FIG. 5 shoWs hoW the atherectomy burr 80 shoWn 
in FIGS. 3 and 4 is constructed. The frame 98 comprises 
tWo diametrically opposed, semi-circular sections 120, 122 
that are separated by a ?at plate 124, the thickness of the 
plate 124 is less than that of the semi-circular sections 120, 
122 such that the area betWeen the semi-circular sections 
forms the slot 104. The outer surfaces of the semi-circular 
sections 120, 122 are preferably smooth. HoWever, if desired 
they may be plated With an abrasive material or etched to 
form a cutting surface in order to provide additional cutting 
action as the burr is rotated. 

[0025] In order to secure the frame 98 to the proximal end 
82 of the burr, the proximal end 82 includes a pair of posts 
130 that are received in corresponding holes 132 formed in 
the rear surface of each of the semi-circular portions 120, 
122. The front surface of the semi-circular portions 120, 122 
also include a pair of posts 130. The posts 130 and the holes 
132 on the semi-circular portions are oriented such that 
When another frame 98‘ is ?tted onto the frame 98, the 
orientation of a slot 104‘ is rotated With respect to the slot 
104. In this manner, each of the expandable cutting elements 
expand in different directions around the circumference of 
the burr. 

[0026] As indicated above, the cutting elements 100, 102 
?t Within the slot 104 formed betWeen the tWo semi-circular 
portions 120, 122 of the frame 98. Each of the cutting 
elements is a generally U-shaped structure With a convex 
outer cutting surface 106 and tWo parallel legs. To further 
prevent the over-expansion of the cutting elements, the plate 
124 on the frame 98 includes a pair of posts 150 that engage 
inWardly extending tabs 152 on the legs of the cutting 
elements 100, 102. In operation, once the centrifugal force 
created by the rotation of the burr breaks the mechanical 
fuses 116 that join the legs of the cutting elements 100, 102, 
the cutting elements are free to slide radially outWard Within 
the slot 104 against the return force created by springs 110, 
112. The maximum radial distance that the cutting elements 
can expand outWard is limited by the strength of the springs 
110, 112 and by the position of the tabs 152 and the posts 
150 on the plate 124. 

[0027] The burr 80 is created by a number of frames 98 
each having a pair of cutting elements 100, 102 in the slots. 
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The distal end 84 of the burr is secured to the posts 130 
extending from the front surface of the distalmost frame 98. 
The frame 98 and the cutting elements 100, 102 can be 
manufactured by a photolithographic process, electroform 
ing, electrodischarge machining or other processes knoWn in 
the art to manufacture small mechanical parts. 

[0028] In the embodiment of the invention shoWn in FIGS. 
3-5, the frames 98 are secured to the proximal end 82 and the 
distal end 84 With the posts 130 and holes 132 found on each 
adjacent part. HoWever, it Will be appreciated that other 
mechanisms could be used. For example, the distal end 82 
of the burr could be ?tted With a mandrel over Which the 
frames 98 are ?tted, Wherein the proximal end of the 
mandrel is af?xed to the proximal end 82 of the burr. In 
addition, it Will be appreciated that the mechanical fuses 116 
alloW the pair of cutting elements to be constructed as a 
single unit. HoWever, the fuses could be eliminated and each 
cutting elements could be formed as a single piece. 

[0029] FIGS. 6A and 6B shoW another alternative 
embodiment of a cutting member in accordance With the 
present invention. The cutting member comprises a disk 170 
having a generally circular plate 172 on Which are mounted 
a pair of cutting elements 174, 176. The cutting element 174 
is positioned over a post 180 near the perimeter of the plate 
172. Similarly, the cutting element 176 is positioned over a 
post 182 also positioned near the perimeter of the plate 172. 
When the burr is rotated, centrifugal force causes the cutting 
elements 174, 176 to rotate outWards on the posts 180, 182 
thereby expanding the effective cutting diameter of the burr. 

[0030] In order to limit the expansion of the burr, the 
cutting element 174 includes a slot 184 that extends adjacent 
an inner edge of the cutting element such that the space 
betWeen the slot and the inner edge forms a leaf spring 186 
that opposes the centrifugal force created When the burr is 
rotated. Similarly, the cutting element 176 includes a slot 
188 that de?nes a leaf spring 190 near the inner edge of the 
cutting element 176. The plate 172 includes a pair of tabs 
192, 194 that ?t in the slots 184 and 188 respectively, to 
provide a point against Which the leaf springs 186 and 188 
are biased. During rotation of the burr, the cutting elements 
174 and 176 are forced radially outWard against the return 
force created by the interaction of the leaf springs 186, 190 
and the tabs 192, 194. 

[0031] FIG. 6B illustrates one method of constructing an 
ablation burr With the disks 170 as shoWn in FIG. 6A. The 
ablation burr includes a driveshaft 200 that is secured to 
proximal end 202 of the burr. The proximal end 202 includes 
a pair of posts 204 that are received in corresponding holes 
on the back surface of the plate 172. The plate 172 further 
includes a pair of diametrically opposed arcuate banks 206, 
208 into Which are formed the tabs 192, 194 respectively. 
The cutting elements 174, 176 are ?tted betWeen the banks 
206, 208 and over the posts 180, 182 in order to form a 
complete cutting disk assembly. The plate 172 also includes 
a central aperture to intend to alloW for a guideWire (not 
shoWn) to pass through the disk cluster. 

[0032] To secure another disk to the burr, the banks 206, 
208 also include a set of posts 204 that alloW another cutting 
disk assembly to be secured to it in order to form a stack of 
expanding disk assemblies in a similar manner to that shoWn 
in FIG. 5. The distal end of the burr is preferably secured to 
the front face of the distalmost disk assembly. 

Jun. 20, 2002 

[0033] FIGS. 7A and 7B illustrate another alternative 
embodiment of a cutting member in accordance With the 
present invention. In this embodiment, the burr includes a 
number of torsion springs 202, 204, 206, 208 disposed 
betWeen a proximal end and distal end of the burr (not 
shoWn). Positioned over these torsion springs are a number 
of abrasive cutting members each of Which comprises a pair 
of cutting elements 210, 214 having abrasive outer surfaces 
212, 216 respectively. In the presently preferred embodi 
ment of the invention, each of the torsion springs 202, 204, 
206 and 208 comprises a metal strip that is rectangular in 
cross section and is equally spaced about the circumference 
of the burr. Each cutting element 210, 214 has a head end 
secured to a torsion spring and a tail end position adjacent 
the diametrically opposing torsion spring. The center portion 
of the cutting element extends on the outside of the inter 
vening torsion spring. For example, the cutting element 210 
has a head end secured to the torsion spring 202. The middle 
portion of the cutting element passes to the outside of the 
torsion spring 204 and the tail end of the cutting element is 
positioned near the torsion spring 206. Similarly, the cutting 
element 214 has a head end secured to this torsion spring 
206, a middle section that passes to the outside of the torsion 
spring 208 and a tail end that is positioned near the torsion 
spring 202. In the embodiment shoWn in FIGS. 7A and 7B, 
the cutting elements are coupled to the torsion springs such 
that they cannot rotate around the springs. In the embodi 
ment shoWn, this is accomplished by having a rectangular 
slot in the cutting element that ?ts over the rectangular 
torsion spring. HoWever, other cooperating shapes could be 
used to both prevent the cutting element from rotating 
around the spring While alloWing the spring to tWist. 

[0034] As shoWn in FIG. 7B, When the ablation burr is 
rotated, the cutting elements 210, 214 tWist the torsion 
springs such that the cutting elements can expand outWardly. 
The outWard expansion of the cutting elements is limited by 
the return force created by the tWisting springs. In addition, 
each cutting element 210, 214, has a tab 218, 220 on its tail 
end that catches the intervening torsion spring 204, 208 as 
the cutting element expands outWard to limit further expan 
sion thereof. 

[0035] To assemble an atherectomy burr With the cutting 
elements shoWn in FIGS. 7A, 7B, the torsion springs are 
inserted into corresponding slots in the proximal portion of 
the burr ad secured With an adhesive by Welding. The torsion 
screWs could also be made integral With either the proximal 
or distal end of the burr. Next, the cutting elements are 
positioned over the torsion springs in an alternating pattern 
such that the cutting elements expand in different directions 
during rotation of the burr. Finally, a distal end of the burr 
is secured to the torsion springs either by an adhesive, 
Welding or other suitable fastening method. 

[0036] FIGS. 8A and 8B illustrate yet another alternative 
embodiment of a cutting member, according to the present 
invention. In this embodiment, an ablation burr has a proxi 
mal end and distal end (not shoWn) that are secured together 
With a number of circular posts 252, 254, 256 and 258 Which 
are preferably positioned at regular intervals around the 
circumference of the burr. Disposed over the circular posts 
are a number of cutting members 250, each comprising a 
pair of cutting elements 260 and 264. In the same manner as 
the embodiment shoWn in FIGS. 7A and 7B, each cutting 
element has a head end positioned over one of the circular 
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posts and a tail end positioned adjacent an opposite circular 
post. For example, the cutting element 260 has a head end 
positioned over the post 252 and a tail end positioned 
adjacent the circular post 256. A majority of the middle 
portion of the cutting element 270 extends to the outside of 
the intervening circular post 254. Similarly, the cutting 
element 264 has a head end positioned over the circular post 
256 and a tail end positioned adjacent the circular post 252 
and a middle portion, the majority of Which is positioned to 
the outside of the intervening circular post 258. 

[0037] In contrast to the embodiment shoWn in FIGS. 7A 
and 7B, the cutting elements are free to rotate around the 
circular posts 252, 256 but are biased by a leaf spring that 
is integral With the cutting elements but extends to the inside 
of the intermediate circular post. For example, the cutting 
element 260 has a leaf spring 270 that is positioned inside of 
the circular post 254. Similarly, the cutting element 264 has 
a leaf spring 272 that is positioned inside of the circular post 
258. The cutting element 260 includes a tab 270 on its tail 
end that catches the end of the lead spring to prevent further 
expansion thereof. A similar tab 272 is disposed on the tail 
end of the cutting element 264. 

[0038] As shoWn in FIG. 7B, When the burr is rotated, the 
cutting elements rotate about the circular posts 252, 256 and 
expand radially outWard against the force of the leaf springs 
268 and 272. The outer surfaces of the cutting surfaces are 
etched or have an abrasive surface plated thereon to provide 
a cutting surface to remove deposits from a vessel as the burr 
is rotated. To construct a burr using the cutting disks 250 as 
shoWn in FIGS. 8A and 8B, the cutting elements are placed 
over the circular posts 252, 254, 256 and 258 in a pattern 
such that the cutting elements expand outWardly in different 
directions. Once the cutting elements are in place, a distal 
end of the burr is secured to the posts. 

[0039] It Will be appreciated that each of the embodiments 
shoWn in FIGS. 6A, 6B, 7A, 7B and 8A, 8b are preferably 
rotated in a direction such that the point at Which the cutting 
members are secured to the burr leads during rotation. 

[0040] While the preferred embodiment of the invention 
has been illustrated and described, it Will be appreciated that 
various changes can be made therein Without departing from 
the scope of the invention. It is therefore intended that the 
scope of the invention be determined from the folloWing 
claims and equivalents thereto. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 
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1. An atherectomy burr for removing deposits from a 
patient’s vessel, comprising: 

a burr body having a proximal end, a distal end and one 
or more arms that extend radially outWard as the burr 
is rotated, each of the one or more arms having a cutting 
surface that ablates deposits in the vessel; and 

a stop on the burr to limit the outWard expansion of the 
one or more arms. 

2. The atherectomy burr of claim 1, Wherein the one or 
more arms are secured to the distal and proximal ends of the 
burr by posts about Which the one or more arms can rotate. 

3. The atherectomy burr of claim 2, Wherein the stop 
includes a camming surface against Which the one or more 
arms engage as they rotate on the posts. 

4. The atherectomy burr of claim 3, Wherein the one or 
more arms each has a beveled leading and trailing surface on 
the outer cutting surface. 

5. An atherectomy burr, comprising: 

a burr body having a proximal end, a distal end and a 
number of cutting disks disposed betWeen the proximal 
and distal end; each of the cutting disks having cutting 
elements that expand radially outWard as the burr is 
rotated, Wherein each cutting element has a cutting 
surface that removes deposits from a patient’s vessel. 

6. The atherectomy burr of claim 5, Wherein each of the 
cutting elements includes a leaf spring that engages a ?xed 
point on the burr to bias the cutting elements radially inWard. 

7. The atherectomy burr of claim 5, Wherein the cutting 
elements are secured together With a mechanical fuse that 
separates When the burr is rotated to alloW the cutting 
elements to expand radially outWard. 

8. The atherectomy burr of claim 5, Wherein each of the 
cutting elements is coupled to a torsion spring that biases the 
cutting elements radially inWard as the burr is rotated. 

9. An atherectomy burr that creates variable siZed lumens 
in a vessel, comprising: 

a drive shaft 

a burr body having a proximal end and a distal end 
coupled to the driveshaft and a number of expandable 
cutting elements that create a lumen in a vessel as the 
burr is rotated by the driveshaft; and 

means for limiting the expansion of the cutting elements 
as the burr is rotated. 


