
US 20080004645A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0004645 A1 

To et al. (43) Pub. Date: Jan. 3, 2008 

(54) ATHERECTOMY DEVICES AND METHODS Related US. Application Data 

75 I t I J h T N k CA S _ (60) Provisional application No. 60/806,417, ?led on Jun. 
( ) nven Ors czlrlilstozheivférmles D £56k) ’ S an 30, 2006, provisional application No. 60/820,475, 

Carlos CA (Us) ’ ?led on Jul. 26, 2006. 

Correspondence Address_ Publication Classi?cation 

LEVINE BAGADE HAN LLP (51) Int. C1. 
2483 EAST BAYSHORE ROAD, SUITE 100 A61B 17/3207 (2006.01) 

PALO ALTO’ CA 94303 (52) US. Cl. ..................................................... .. 606/159 

Assignee: Menlo Park, CA (US) 

The devices and methods generally relate to treatment of 
(21) Appl. No.: 11/551,198 occluded body lumens. In particular, the present devices and 

method relate to removal of the occluding material from the 
(22) Filed; Oct, 19, 2006 blood vessels as Well as other body lumens. 



Patent Application Publication Jan. 3, 2008 Sheet 1 0f 14 US 2008/0004645 A1 

".Nmv .H 
M m #8 

w mm? 8? 

g 
a 



Patent Application Publication Jan. 3, 2008 Sheet 2 0f 14 US 2008/0004645 A1 



Patent Application Publication Jan. 3, 2008 Sheet 3 0f 14 US 2008/0004645 A1 

130 
118 

2 \\\\\\ 

FIG. 4B 



Patent Application Publication Jan. 3, 2008 Sheet 4 0f 14 US 2008/0004645 A1 

118 
></// 

W”. 
114 

FIG. 5A 

FIG. 5B 



Patent Application Publication Jan. 3, 2008 Sheet 5 0f 14 US 2008/0004645 A1 



Patent Application Publication Jan. 3, 2008 Sheet 6 0f 14 US 2008/0004645 A1 

102 

FIG. 6D 



Patent Application Publication Jan. 3, 2008 Sheet 7 0f 14 US 2008/0004645 A1 

FIG. 6E 



Patent Application Publication Jan. 3, 2008 Sheet 8 0f 14 US 2008/0004645 A1 

FIG. 3A 

122 . 

/ \ 

I / 
I : //"l-Tj\\ 

/ \ 
134 

FIG. 8B 

FIG. 8C 



Patent Application Publication Jan. 3, 2008 Sheet 9 0f 14 US 2008/0004645 A1 

100 

122 

J30 
I 

120 

FIG. 8E FIG. 8D 

1§6 

122 122 

FIG. 8G FIG. SF 

160 

2 2 1. 

120 
1 

120 

FIG. 8! FIG. 8H 



Patent Application Publication Jan. 3, 2008 Sheet 10 0f 14 US 2008/0004645 A1 

FIG. 10A FIG. 108 

FIG. 10C 



Patent Application Publication Jan. 3, 2008 Sheet 11 0f 14 US 2008/0004645 A1 

FIG. 12B 



Patent Application Publication Jan. 3, 2008 Sheet 12 0f 14 US 2008/0004645 A1 

184 
\ 

FIG. 12c 184 
\ 

FIG. 12D 

FIG. 12E 184 
\\ 

FIG. 12F 

FIG. 126 184 

FIG. 12H 



Patent Application Publication 

206 

Jan. 3, 2008 Sheet 13 0f 14 US 2008/0004645 A1 

200 202 206 

FIG. 13A 



Patent Application Publication Jan. 3, 2008 Sheet 14 0f 14 US 2008/0004645 A1 

Fluid for Contrast 
Aspired 

I/ 
/ 202 
00 

FIG. 13B 

1 

/ I 
200 202 

FIG. 13C 



US 2008/0004645 A1 

ATHERECTOMY DEVICES AND METHODS 

CROSS-REFERENCE 

[0001] This ?ling is a non-provisional of Us. Provisional 
Application Ser. No. 60/806,417 entitled “Atherectomy 
Device” ?led Jun. 30, 2006 and is a non-provisional of Us. 
Provisional Application Ser. No. 60/820,475 entitled 
“Atherectomy Device” ?led Jul. 26, 2006, the entirety of 
each of Which are hereby incorporated reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The devices and methods described beloW gener 
ally relate to treatment of occluded body lumens. In par 
ticular, the present devices and method relate to removal of 
the occluding material from the blood vessels as Well as 
other body lumens. 
[0004] 2. Description of the Background Art 
[0005] Atherosclerosis is a progressive disease. In this 
disease, lesions of the arteries are formed by accumulation 
of plaque and neointimal hyperplasia causing an obstruction 
of blood How. Often plaque is friable and may dislodge 
naturally or during an endovascular procedure, leading to 
emboliZation of a doWnstream vessel. 

[0006] Endovascular clearing procedures to reduce or 
remove the obstructions to restore luminal diameter alloWs 
for increased blood How to normal levels are Well knoWn. 
Removing the plaque has the effect of removing diseased 
tissue and helps to reverse the disease. Maintaining luminal 
diameter for a period of time (several to many Weeks) alloWs 
remodeling of the vessel from the previous pathological 
state to a more normal state. Finally, it is the goal of an 
endovascular therapy to prevent short term complications 
such as emboliZation or perforation of the vessel and long 
term complications such as ischemia from thrombosis or 
restenosis. 

[0007] Various treatment modalities may help to accom 
plish treatment goals. In atherectomy, plaque is cut aWay, or 
excised. Various con?gurations are used including a rotating 
cylindrical shaver or a ?uted cutter. The devices may include 
shielding by a housing for safety. The devices may also 
remove debris via trapping the debris in the catheter, in a 
doWnstream ?lter, or aspirating the debris. In some cases a 
burr may be used instead of a cutter, particularly to grind 
heavily calci?ed lesions into very small particle siZes. Aspi 
ration may also be used With a burr-type atherectomy device. 

[0008] Balloon angioplasty is another type of endovascu 
lar procedure. Balloon angioplasty expands and opens the 
artery by both displacing the plaque and compressing it. 
Balloon angioplasty is knoWn to cause barotrauma to the 
vessel from the high pressures required to compress the 
plaque. This trauma leads to an unacceptably high rate of 
restenosis. Furthermore, this procedure may not be ef?cient 
for treatment of elastic-type plaque tissue, Where such tissue 
can spring back to occlude the lumen. 

[0009] When clearing such obstructions it is desirable to 
protect the vessel Wall or Wall of the body lumen being 
cleared and to debulk substantially all of a lesion. In 
additional cases, the procedure that clears obstructions may 
also be coupled With placement of an implant Within the 
lumen. For example, it may be desirable to deploy a stent to 
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maintain patency of a vessel for a period of time and/or to 
achieve local drug delivery by having the stent elute a drug 
or other bioactive substance. 
[0010] On their oWn, stents fail to perform Well in the 
peripheral vasculature for a variety of reasons. A stent With 
the necessary structural integrity to supply suf?cient radial 
force to reopen the artery often does not perform Well in the 
harsh mechanical environment of the peripheral vasculature. 
For example, the peripheral vasculature encounters a sig 
ni?cant amount of compression, torsion, extension, and 
bending. Such an environment may lead to stent failure 
(strut cracking, stent crushing, etc.) that eventually compro 
mises the ability of the stent to maintain lumen diameter 
over the long-term. On the other hand, a stent that is able to 
Withstand the harsh mechanical aspects of the periphery 
often Will not supply enough radial force to open the vessel 
satisfactorily. In many cases, medical practitioners desire the 
ability to combine endovascular clearing procedures With 
stenting. 
[0011] Accordingly, a need remains for devices that alloW 
for improved atherectomy devices that clear materials from 
body lumens (such as blood vessels) Where the device 
includes features to alloW for a safe, ef?cient and controlled 
fashion of shaving or grinding material Within the body 
lumen. 

SUMMARY OF THE INVENTION 

[0012] Devices and methods described herein provide 
improved means of clearing obstructions Within body 
lumens, especially the vasculature. The features of the 
devices and methods alloW for controlled removal of occlu 
sive materials. In some variations, the methods and devices 
also have features to convey the materials aWay from the 
operative site Without the need to remove the devices from 
the body lumen. Additional aspects include controlled rates 
of tissue removal as Well as other safety features to prevent 
accidental cutting of the lumen Wall. Although the devices 
and methods described herein discuss removal of materials 
from a blood vessel, in certain cases the devices and 
methods have applicability in other body lumens as Well. It 
should be noted that the variations and features of the 
devices described beloW may be incorporated selectively or 
in combination With a basic device con?guration that 
includes a ?exible body having a cutter head, Where the 
cutter head includes a housing and a cutter, Where the 
housing and cutter are able to rotate relative to each other. 
Variations include a cutter that rotates Within the housing, a 
housing that rotates about the cutter, and combinations 
thereof. 
[0013] One variation of the device described herein 
includes a device con?gured to remove material from body 
structures. The device may be a vascular device and have the 
required structure and con?guration to navigate tortuous 
anatomy. Alternatively, the device may be a cutter that has 
features that are desired When used in other parts of the 
anatomy. 
[0014] In any case, such a device may include a catheter 
body having a proximal end and a distal end, a cutter 
assembly located at the distal end of the catheter body, the 
cutter assembly comprising a housing having at least one 
opening and a cutter having at least one cutting surface 
con?gured to rotate relative to the housing, Where move 
ment betWeen the housing opening and the cutting surface 
removes material located therebetWeen, a rotating shaft 
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extending through the catheter body and coupled to the 
cutter, the shaft having a proximal end adapted to couple to 
a ?rst rotating mechanism, and a de?ecting member extend 
ing along the catheter body, such that movement of the 
de?ecting member causes de?ection of the cutter assembly 
relative to an axis of the catheter. 
[0015] Variations of the de?ecting member may include 
steerable sheaths adapted to de?ect in shape. In some 
variations the steerable sheath may include a de?ecting Wire 
extending through a portion of the sheath, such that axial 
movement of the de?ecting Wire de?ects the sheath. The 
de?ecting Wire can be affixed to the cutter assembly, to a 
portion of the catheter body that extends out of the de?ecting 
sheath, or to other parts of the device as needed. 
[0016] The de?ecting member can also include a pre 
shaped mandrel, or tube Where such features are slidable 
Within or relative to the device to produce movement of the 
cutting head relative to an axis of the device. The devices 
described herein may have any number of features that alloW 
for locking the device after it is articulated. This feature 
provides a consistent diameter When sWeeping or navigating 
through the anatomy. 
[0017] As discussed herein, some variations of the devices 
have the ability to articulate. This articulation alloWs for 
steering the device to the target site as Well as creating a 
sWeeping motion of tissue removal. Accordingly, sheath 
used in the device can be rotatable about the catheter body, 
or about an axis of the catheter. 

[0018] The devices described herein may have a cutter 
assembly having a portion of its housing having a curved 
surface and Where the opening forms a plane across the 
curved surface such that as the cutting surface rotates across 
the opening, a portion of the cutting surface extends out of 
the housing through the opening. The cutter assembly may 
also have various other features as described beloW that 
improve the safety of the device as it is articulated While 
cutting. Furthermore the cutter may have a number of 
features to impel or drive cut tissue into the cutter assembly 
for eventual removal by one or more conveying members. 

[0019] As noted, the devices described herein may have 
one or more conveying members that convey materials 
and/or ?uids through the device. Such a feature is useful to 
remove cut tissue and debris from the site during the 
procedure. In some variations, the device may include 
multiple conveyors to deliver ?uids and remove debris. 
HoWever, the devices of the present invention may also have 
containers for use in capturing debris or other materials 
generated during the procedure. 
[0020] Another feature for use With the inventions herein 
is the use of a burr rotatably coupled to a tip of the device. 
The burr can be useful to remove tissue that is otherWise not 
conducive to cutting With the cutter assembly. 
[0021] In another variation, the invention may comprise a 
device having a straightening tube, With a straight distal 
portion, a catheter body having a proximal end and a distal 
end, the catheter body having a ?exible section located 
toWards the distal end, such that When located in the straight 
distal portion of the straightening tube the ?exible section is 
less curved, a cutter assembly located at the distal end of the 
catheter body, the cutter assembly comprising a housing 
having at least one opening and a cutter having at least one 
cutting surface con?gured to rotate relative to the housing, 
Where movement betWeen the housing opening and the 
cutting surface removes material located therebetWeen, and 

Jan. 3, 2008 

a rotating shaft extending through the catheter body and 
coupled to the cutter, the torque shaft having a proximal end 
adapted to couple to a ?rst rotating mechanism. 
[0022] In such a case, placement of the straight distal 
portion over the catheter alloWs for manipulation of the 
degree of curvature of the catheter. This feature alloWs for 
steering of the device. 
[0023] As described herein, such a device may have the 
ability to sWeep over an arc to deliver a larger cutting 
diameter than the diameter of the cutter assembly. 
[0024] The devices described herein may use a guideWire 
for advancement through the body. In such cases the devices 
Will have guide-Wire lumens located Within or about the 
catheter. Alternatively, a guide-Wire section may be affixed 
to a portion of the device. 
[0025] Devices of the present invention typically include 
a torque shaft to deliver rotational movement to components 
in the cutter assembly. Alternatively, a torque shaft or other 
such assembly may be used to produce the sWeeping action 
described herein. In any case, the torque shaft may include 
one or more lumens. Alternatively, the torque shaft may be 
a solid or holloW member. Variations of the torque shaft also 
include those aspects knoWn in catheter-type devices such as 
counter-Wound coils, stiffening members, etc. In some varia 
tions, the torque shaft may have the conveying member 
integrally formed about the exterior or an interior surface of 
the shaft. Alternatively, or in combination, the conveying 
member may be placed on (or Within) the torque shaft as 
described herein. 
[0026] The invention also includes various methods of 
debulking material Within body structures. These structures 
include occluded blood vessels (Whether partially or totally 
occluded), various organs, cavities Within the body, or other 
body lumens. 
[0027] In one variation a method includes inserting a 
catheter body having a cutter assembly Within the blood 
vessel, rotating the cutter assembly to remove the material 
and form a ?rst opening in the body lumen, de?ecting the 
?rst cutter assembly relative to an axis of the catheter body, 
rotating the catheter body While rotating the cutter assembly 
to form a second opening in the body lumen Where the 
second is larger than the ?rst opening. 
[0028] The methods may include the use of any of the 
devices or features of the devices described herein. In one 
variation, the methods include circulating ?uid for contrast 
to better visualiZe the obstruction. 
[0029] As noted herein, combinations of aspects of the 
devices, systems, and methods described herein may be 
combined as needed. Furthermore, combinations of the 
devices, systems and methods themselves are Within the 
scope of the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1A illustrates an exemplary variation of a 
device according to the present invention; 
[0031] FIG. 1B shoWs an exploded vieW of the device of 
FIG. 1A; 
[0032] FIG. 1C shoWs a cross sectional vieW of the cutting 
assembly; 
[0033] FIG. 2A shoWs alignment of the cutting edges With 
openings of a housing; 
[0034] FIG. 2B shoWs a side vieW of the cutting assembly 
demonstrating the secant e?fect; 
[0035] FIG. 2C illustrates a positive rake angle; 



US 2008/0004645 A1 

[0036] FIG. 3 shows a partial cross sectional vieW of a 
variation of a torque shaft having counter Wound coils; 
[0037] FIG. 4A shoWs a variation of a device con?gured 
for rapid exchange; 
[0038] FIG. 4B illustrates an example of centering a tip of 
a cutting assembly over a guide Wire; 
[0039] FIG. 5A shoWs a conveyor Within the device; 
[0040] FIG. 5B shoWs a second conveyor Within a torque 
shaft; 
[0041] FIG. 6A illustrates articulation of a tip of the 
device; 
[0042] FIG. 6B-6D shoWs sWeeping of the cutting assem 
bly; 
[0043] FIG. 6E illustrates another variation Where the 
catheter body includes a set curve in an area that is adjacent 
to the cutting assembly; 
[0044] FIG. 7 shoWs placement of housing WindoWs to 
prevent damage to the vessel Walls; 
[0045] FIGS. 8A-8I shoW variations of the device for 
articulating the cutting head; 
[0046] FIG. 9 shoWs a device With a burr tip; 
[0047] FIGS. 10A-10C provide examples of ?uid delivery 
systems; 
[0048] FIG. 11 shoWs the device placed Within a stent or 
coil; 
[0049] FIGS. 12A-12I shoW variations of devices; and 
[0050] FIGS. 13A-13C shoW a system for visualiZing and 
crossing total occlusions. 

DESCRIPTION OF AN EMBODIMENT 

[0051] FIG. 1A illustrates an exemplary variation of a 
device 100 according to the present invention. As shoWn the 
device 100 includes a cutter assembly 102 a?ixed to a 
catheter body 120. As shoWn, the catheter body may be 
optionally located Within an outer sheath 122. 
[0052] FIG. 1B illustrates an exploded vieW of the device 
100 of FIG. 1A. As shoWn, the cutter assembly 102 includes 
a housing 104 With a plurality of openings 106. A cutter 108 
is located Within the housing 104. The cutter 108 includes 
one or more ?utes 110 each of Which includes an edge or 
cutting surface 112. The cutter is coupled to a rotating 
mechanism 150. In this variation the rotating mechanism 
couples to the cutter via a torque shaft 114 that transmits 
rotational energy from the rotating mechanism 150 (e.g., an 
electric, pneumatic, ?uid, gas, or other motor) to the cutter 
108. Variations of the devices include use of a rotating 
mechanism 150 located entirely Within the body of the 
device 100. In one variation, the rotating mechanism 150 
may be outside of the surgical ?eld (i.e., in a non-sterile 
Zone) While a portion of the device (e.g., the torque shafti 
not shoWn) extends outside of the surgical ?eld and couples 
to the rotating mechanism. FIG. 1B also shoWs a variation 
of the device 100 as having a de?ecting member 124 (the 
de?ecting member may be a tendon, Wire, tube, mandrel, or 
other such structure). As described in detail beloW, the 
devices 100 can have de?ecting members to articulate the 
cutting head and alloW for a sWeeping motion of cutting. 
[0053] In another variation, the device 100 may have a 
catheter body that comprises a soft or ?exible portion. In one 
variation, this soft or ?exible portion may be on a single side 
of the device 100 to alloW ?exure of the device 100 to 
articulate the cutting head. The ?exure may be obtained With 
a curved sheath, mandrel, or other means as knoWn to those 
skilled in the art. 
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[0054] The device 100 may also include a vacuum source 
or pump 152 to assist in evacuation of debris created by 
operation of the device. Any number of pumps or vacuum 
sources may be used in combination With the device. For 
example, a peristaltic pump may be used to drive materials 
from the device and into a Waste container. FIG. 1B also 
shoWs the device 100 coupled to a ?uid source 154. As With 
the rotating mechanism, the vacuum source and/or ?uid 
source may be coupled to the device from outside the 
surgical ?eld. 
[0055] It may be advantageous to rotatably couple the 
torque shaft to the drive unit electromagnetically, Without 
physical contact. For example, the torque shaft 114 can have 
magnetic poles installed at the proximal end, Within a 
tubular structure that is attached to the sheath around the 
torque shaft. The stationary portion of the motor can be built 
into a handle that surrounds the tubular structure. This 
alloWs the continuous aspiration through the sheath Without 
the use of high speed rotating seals. 

[0056] As shoWn in FIG. 1C, in certain variations, the 
housing 104 can have a distal nose With a center lumen 142 

for receiving a mating piece 140 of the cutter 108. Such 
features assists in centering the cutter 104 concentrically 
inside the housing 104. The housing is preferably made of a 
strong, Wear resistant material such as hardened steels, 
cobalt chromium, carbides or titanium alloys With or Without 
Wear resistant coatings like TiNi. In particular the use of 
coatings Will alloW the use of tool steels Which, unless 
coated, do not have acceptable corrosion resistance and 
biocompatibility. As noted beloW, variations of the devices 
include the addition of a burr element (as shoWn beloW) for 
grinding hard tissue such as calci?ed plaque. 

[0057] The geometry of the cutter 108 and housing 104 
can be used to tailor the desired degree of cutting. The 
housing 104 and orientation of the openings 106 can be used 
to limit the depth of cutting by the cutter 108. In addition, the 
distal end of the housing 104 may be domed shaped While 
the proximal end may have a cylindrical or other shape. For 
example, by creating larger WindoWs 106 in the housing a 
larger portion of cutter 108 may be exposed and the rate of 
cutting increased (for a given rotation speed). By placing the 
cutting WindoW 106 on a convex portion of the housing, the 
debulking effectiveness is much less sensitive to the align 
ment of the cutter housing to the lesion, than if the WindoW 
Were on the cylindrical portion of the housing. This is a key 
performance limitation of traditional directional atherec 
tomy catheters. In addition, placement of the WindoW on the 
convex portion of the housing creates a secant effect (as 
described beloW). 
[0058] FIG. 2A illustrates an additional variation of the 
device 100 Where the openings 106 may be helical slots that 
may or may not be aligned With the cutting surfaces 112 of 
the cutter 108. For aggressive cutting, the slots 106 and 
cutting edges 112 are aligned to maximiZe exposure of the 
tissue to cutting edges. In other Words, the cutting edges 112 
and openings 106 are in alignment so all cutting edges 112 
are exposed at the same time to alloW simultaneous cutting. 
Alternatively, alignment of the openings and edges 112 may 
be con?gured so that feWer than all the cutting edges 112 are 
exposed at the same time. For example, the alignment may 
be such that When one cutting edge 112 is exposed by an 
opening 106, the remaining cutting edges 112 are shielded 
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Within the housing 104. Variations of such a con?guration 
alloW for any number of cutting edges to be exposed at any 
given time. 
[0059] However, to even out the torque pro?le of the 
device When cutting, the cutter 108 is con?gured such that 
the number edges/cutting surfaces 112 of the ?utes 110 that 
are aligned With the housing openings 106 does not vary 
throughout the rotational cycle. This prevents the catheter 
from being overloaded With torque spikes and cyclic torque 
variations due to multiple cutting edges/ ?utes engaging With 
tissue in synchrony. In other Words, the length of the cutting 
surface 112 exposed through the openings 106 of the hous 
ing 104 remains the same or constant. 

[0060] In the variation shoWn in FIG. 2B, the cutting 
surface 112 is con?gured to capture debris as it cuts. 
Typically, the device 100 may be designed With a secant 
effect. This effect alloWs for a positive tissue engagement by 
the cutter. As the cutter rotates through the opening, the 
cutting edge moves through an arc, Where at the peak of the 
arc the cutting edge slightly protrudes above a plane of the 
opening. The amount of positive tissue engagement can be 
controlled through selection of the protrusion distance 
through appropriate design of the housing geometry (for 
example, by a combination of location and siZe of the 
WindoW and radius of curvature of the housing). As shoWn, 
the cutting surface 112 extends out of the housing 104 
through the WindoW 106 as it rotates. This structure can also 
be designed to drive or impel the debris to the conveying 
member 118. In this case, the ?utes 110 Within the cutter 108 
are helically slotted to remain in ?uid communication With 
the conveying member 118. Variations of the device 100 can 
also include a vacuum source 152 ?uidly coupled to the 
conveying member 118. In order to improve the impelling 
force generated by the cutters, variations of the cutter have 
helical ?utes 110 and sharp cutting edges 112 that are 
parallel to each other and are Wound from proximal to distal 
in the same sense as the rotation of the cutter. When the 
cutter rotates, it becomes an impeller causing tissue debris to 
move proximally for evacuation. 

[0061] As shoWn in FIG. 2C, variations of the device may 
have cutting surfaces 112 With positive rake angles (xithat 
is the cutting edge is pointed in the same direction as that of 
the cutter rotation. This con?guration maximiZes the effec 
tiveness of the impelling and cutting action (by biting into 
tissue and avoiding tissue de?ection). The cutter is prefer 
ably made of hard, Wear-resistant material such as hardened 
tool or stainless steels, Tungsten carbide, cobalt chromium, 
or titanium alloys With or Without Wear resistant coatings as 
described above. HoWever, any material commonly used for 
similar surgical applications may be employed for the cutter. 
The outer surfaces of the proximal end of the cutter 108 is 
typically blunt and is designed to bear against the housing 
104. Typically, these surfaces should be parallel to the inner 
surface of the housing. 
[0062] FIGS. 2A-2B also shoW a surface of the cutter 108 
having a curved-in pro?le distally and is close to the housing 
104 surface. Note that housing slots 106 With this curved 
pro?le alloWs the cutting edge 112 to protrude beyond the 
housing’s outer surface. In other Words, the openings 106 
form a secant on the curved surface of the housing 104. Such 
a feature alloWs improved cutting of harder/stiffer material 
like calci?ed or stilf ?brous tissue Where such tissue does not 
protrude into the housing 104. 
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[0063] By controlling the number of cutting edges 112 that 
are exposed through openings 106 in the housing 104, it is 
possible to control the relative amount of cutting engage 
ment (both length of cutting and depth of cut, together Which 
control the volume of tissue removed per unit rotation of the 
cutter). These features alloW independent control of the 
maximum torque load imposed on the device 100. By 
carefully selecting the geometry of the ?utes and or cutting 
edges 112 relative to the openings 106 in the housing, it is 
possible to further control the balance of torque. For 
example, the torque load imposed on the device is caused by 
the shearing of tissue When the cutter edge passes the 
rotationally distal edge of the WindoW. If all cutter edges 
simultaneously shear, as for example When the number of 
housing WindoWs is an even multiple of cutter edges, the 
torque varies cyclically With rotation of the cutter. By 
adjusting the number of cutters and WindoWs so one is not 
an even multiple of the other (for example, by using 5 
WindoWs on the housing and 4 cutting edges on the cutter), 
it is possible to have a more uniform torque (tissue removal 
from shearing action) during each cycle of the cutter. 
[0064] FIG. 3 shoWs a partial sectional vieW of a torque 
shaft 114 that is a set of counter-Wound coils, With the outer 
coil Wound at the proper (greater) pitch to form the convey 
ing member 118. Winding the coils counter to each other 
automatically reinforces the torque shaft 114 during rotation. 
Alternatively, the torque shaft 114 may be made out of a 
rigid plastic, rendered ?exible by incorporation of a con 
veying member 118. Although the shaft may be fabricated 
from any standard material, variations of the shaft include a 
metal braid embedded in polymer (PEBAX, polyurethane, 
polyethylene, ?uoropolymers, parylene) or one or more 
metal coils embedded in a polymer such as PEBAX, poly 
urethane, polyethylene, ?uoropolymers or parylene. These 
constructions maximiZe torsional strength and stiffness, as 
Well as column strength for “pushability”, and minimize 
bending sti?fness for ?exibility. Such features are important 
for navigation of the catheter through tortuous vessels. In the 
multi-coil construction, the inner coil should be Wound in 
the same sense as that of the rotation so that it Would tend 
to open up under torque resistance. This ensures that the 
guidWire lumen remain patent during rotation. The next coil 
should be Wound opposite the inner to counter the expansion 
to keep the inner coil from binding up against the outer 
catheter tube. 

[0065] FIG. 3 also shoWs a torque shaft 114 having a 
central lumen 130. Typically the lumen Will be used to 
deliver a guideWire. In such cases, the central lumen may be 
coated With a lubricious material (such as a hydrophilic 
coating or Parylene) or made of a lubricious material such as 
PTFE to avoid binding With the guideWire. HoWever, in 
some variations a guideWire section is a?ixed to a distal end 
of the housing. Moreover, the central lumen of the torque 
shaft 114 may also be used to deliver ?uids to the operative 
site simultaneously With the guideWire or in place of the 
guideWire. 
[0066] FIG. 4A illustrates a variation of a device 100 
con?gured for rapid exchange. As shoWn, the device 100 
includes a short passage, lumen, or other track 136 for the 
purpose of advancing the device 100 over a guideWire 128. 
HoWever, the track 136 does not extend along the entire 
length of the device 100. Moreover, an additional portion of 
the track 136 may be located at a distal end of the catheter 
to center a guideWire 128. 
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[0067] This feature permits decoupling of the device 100 
and guideWire 128 by merely pulling the guideWire 128 out 
of the track 136 (as opposed to needing to remove the 
guideWire 128 from the length of the device 136). One 
bene?t of such a feature is that the guideWire 128 may 
remain close to the site While being decoupled from the 
device 100. Accordingly, the surgeon can advance additional 
devices over the guideWire and to the site in a rapid fashion. 
This con?guration alloWs for quick separation of the cath 
eter from the Wire and introduction of another catheter over 
the Wire since most of the Wire is outside of the catheter. 

[0068] As shoWn in FIG. 4B, centering the tip of the 
cutting assembly 102 over a guide Wire 128 improves the 
control, access and positioning of the cutting assembly 102 
relative to a body lumen or vessel 2. To accomplish this, the 
cutting assembly 102 can have a central lumen to accom 
modate a guide Wire 128. Variations of the device 100 
includes a central guide Wire lumen runs the length of the 
catheter through all central components including the torque 
shaft and the cutter. As noted above, a guideWire 128 can be 
a?ixed to the housing 104 or other non-rotational component 
of the cutting assembly 102. In such a case, the guideWire 
128 may preferably be a short segment that assists With 
navigation of the device through an occluded portion of a 
body lumen. HoWever, the devices 100 can also operate 
Without a guideWire since the head is steerable like a 
guideWire. 
[0069] FIG. 5A illustrates a partial cross-sectional vieW of 
the device 100. As shoWn, this variation of the device 100 
includes a conveyor member 118 located Within the device 
100. The conveyor member 118 may be an auger type 
system or an Archimedes-type screW that conveys the debris 
and material generated during the procedure aWay from the 
operative site. In any case, the conveying member 118 Will 
have a raised surface or blade that drives materials in a 
proximal direction aWay from the operative site. Such mate 
rials may be conveyed to a receptacle outside of the body or 
such materials may be stored Within the device 100. In one 
variation, the torque shaft 114 and conveying member 118 
extend along the length of the catheter. 
[0070] In some variations, the conveying member 118 
may be integral to the shaft 114 (such as by cutting the 
conveying member 118 into the torque shaft 114 or by 
extruding the torque shaft 114 directly With a helical groove 
or protrusion. In an additional variation as shoWn in FIG. 
5B, an additional conveying member 118 may be incorpo 
rated on an inside of the torque shaft, Where the internal 
conveying member is Wound opposite to that of the external 
conveying member 118. Such a con?guration alloWs for 
aspiration and debris (via the external conveying member 
118) and infusion (via the internal conveying member 118). 
Such a dual action can enhance the ability to excise and 
aspirate plaque by: (l) thinning the blood, Whether by 
viscosity alone or With the addition of anti-coagulants such 
as heparin or Warfarin (cumadin), (2) improving the pump 
ability (aspirability) of the excised plaque by converting it 
into a solid-liquid slurry that exhibits greater pumping 
e?iciency, and (3) establishing a ?oW-controlled secondary 
method of trapping emboli that are not sheared directly into 
the housing, by establishing a local recirculation Zone. 
[0071] As noted above, the conveying member 118 can be 
Wound in the same directional sense as the cutter 108 and in 
the same direction of rotation to effect aspiration of tissue 
debris. The impeller action of the cutter 108 moves the tissue 
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debris from inside the housing 104 openings 106 into the 
torque shaft. The pitch of the cutting edges 112 may be 
matched in to that of the conveying member 118 to further 
optimiZe aspiration. Alternatively, the pitch of the conveying 
member 118 may be changed to increase the speed at Which 
material moves once it enters the conveying member 118. As 
discussed herein, debris can be evacuated outside the body 
by the conveying member 118 action along the length of the 
catheter and With or Without supplement of the vacuum 152 
pump connected to the catheter handle. Alternatively, the 
debris may be accumulated in a reservoir Within the device. 

[0072] The device may also include a ferrule 116, as 
shoWn in FIG. 1B, that permits coupling of the catheter body 
120 to the cutter assembly 102. The ferrule 116 may serve 
as a bearing surface for rotation of the cutter 108 Within the 
cutter assembly 102. In the illustrated variation, the torque 
shaft 114 rotates inside the outer catheter body 120 and 
ferrule 116 to rotate the cutter and pull or aspirate tissue 
debris in a proximal direction. The clearance betWeen the 
catheter tube and conveying member 118, as Well as the 
pitch and thread depth of the conveying member 118, are 
chosen to provide the desired pumping effectiveness. 
[0073] In one variation of the device, the housing 104 is 
connected to the catheter body 120 via the ferrule 116 and 
thus is static. The cutter 108 rotates relative to the housing 
104 so the cutting surface 112 on the cutter 108 cooperates 
With openings 106 on the housing 104 to shear or cleave 
tissue and trap the tissue inside the housing so that it can be 
evacuated in a proximal direction using the impeller action 
of the helical ?utes and vacuum from the torque shaft. 
[0074] The ferrule 116 can have a distal bearing surface to 
bear against the proximal surface of the cutter 108 and keeps 
the cutter axially stable in the housing 104. It can be rigidly 
bonded/linked to the housing 104 using solder, braZing, 
Welding, adhesives (epoxy), sWaging, crimped, press-?t, 
screWed on, snap-locked or otherWise a?ixed. As shoWn, the 
ferrule 116 can have holes or other rough features that alloW 
for joining With the catheter body. While adhesives and heat 
fusing may be employed in the construction, such features 
are not required. Often adhesives are unreliable for a small 
surface contact and heat fusing can cause the tube to 
degrade. The use of a mechanical locking ring 126 alloWs 
the cutting assembly 102 to be short. Such a feature is 
important for maximiZing the ?exibility of the distal section 
of the catheter as it is required to navigate tortuosity in blood 
vessels. 

[0075] In another aspect of the invention, devices 100 can 
be adapted to steer to remove materials that are located 
toWards a side of the body passage. Such devices may 
include a de?ecting member that permits adjusting the 
orientation or offset of the cutter assembly 102 relative to a 
central axis of the device. In FIG. 1B, the de?ecting member 
comprises a sheath 122 With a de?ecting member 132 (such 
as a tendon, Wire, tube, mandrel, or other such structure.) 
HoWever, as described herein, other variations are Within the 
scope of the device. 
[0076] FIG. 6A illustrates an example of a variation of a 
device 100 equipped to have an articulating or steerable 
cutter assembly 102. The ability to steer the tip of the device 
100 is useful under a number of conditions. For example, 
When debulking an eccentric lesion as shoWn, the cutting 
assembly 102 should be pointed toWards the side of the 
vessel 2 having the greater amount of stenotic material 4. 
Naturally, this orientation helps prevent cutting into the bare 










