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ABSTRACT 

An elongate tubular body extends between a rotatable cutter 
and a control. The cutter is connected to the control With a 
rotatable element. Material that has been processed by the 
cutter is draWn into the tubular body for disposal. 
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ROTATIONAL ATHERECTOMY SYSTEM 
AND METHODS OF USE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/178,933 ?led Jun. 20, 2002; Which is 
a divisional of US. patent application Ser. No. 09/592,218 
?led Jun. 12, 2000, now US. Pat. No. 6,451,036; Which is a 
continuation of US. patent application Ser. No. 09/398,241 
?led Sep. 17, 1999, now US. Pat. No. 6,666,874; Which is a 
continuation-in-part of US. patent application Ser. No. 
09/260,199 ?led Mar. 1, 1999, now US. Pat. No. 6,206,898; 
Which is a continuation-in-part of US. patent application Ser. 
No. 09/058,513 ?ledApr. 10, 1998, now US. Pat. No. 6,001, 
112, the entirety of each of Which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention generally relates to medical 
devices and, more particularly, to atherectomy catheter 
devices. 
[0003] A variety of techniques and instruments have been 
developed to remove obstructive material in arteries or other 
body passageways or to repair the arteries or body passage 
Ways. A frequent objective of such techniques and instru 
ments is the removal of atherosclerotic plaques in a patient’s 
arteries. The buildup of fatty deposits (atheromas) in the 
intimal layer (under the endothelium of a patient’s blood 
vessels) characteriZes atherosclerosis. Over time, What is ini 
tially deposited as relatively soft, cholesterol-rich atheroma 
tous material often hardens into a calci?ed atherosclerotic 
plaque. The atheromas may be referred to as stenotic lesions 
or stenoses While the blocking material may be referred to as 
stenotic material. If left untreated, such stenoses can so suf 
?ciently reduce perfusion that angina, hypertension, myocar 
dial infarction, strokes and the like may result. 
[0004] Several kinds of atherectomy devices have been 
developed for attempting to remove some or all of such 
stenotic material. In one type of device, such as that shoWn in 
US. Pat. No. 5,092,873 (Simpson), a cylindrical housing, 
carried at the distal end of a catheter, has a portion of its 
side-Wall cut out to form a WindoW into Which the atheroscle 
rotic plaque can protrude When the device is positioned next 
to the plaque. An atherectomy blade, disposed Within the 
housing, is then advanced the length of the housing to lance 
the portion of the atherosclerotic plaque that extends into the 
housing cavity. While such devices provide for directional 
control in selection of tissue to be excised, the length of the 
portion excised at each pass of the atherectomy blade is 
necessarily limited to the length of the cavity in the device. 
The length and relative rigidity of the housing limits the 
maneuverability and therefore also limits the utility of the 
device in narroW and tortuous arteries such as coronary arter 
ies. Such devices are also generally limited to lateral cutting 
relative to the longitudinal axis of the device. 
[0005] Another approach, Which solves some of the prob 
lems relating to removal of atherosclerotic plaque in narroW 
and tortuous passageWays, involves the use of an abrading 
device carried at the distal end of a ?exible drive shaft. 
Examples of such devices are illustrated in US. Pat. No. 
4,990,134 (Auth) andU.S. Pat. No. 5,314,438 (Shturman). In 
the Auth device, abrasive material such as diamond grit (dia 
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mond particles or dust) is deposited on a rotating burr carried 
at the distal end of a ?exible drive shaft. In the Shturman 
device, a thin layer of abrasive particles is bonded directly to 
the Wire turns of an enlarged diameter segment of the drive 
shaft. The abrading device in such systems is rotated at speeds 
up to 200,000 rpm or more, Which, depending on the diameter 
of the abrading device utiliZed, can provide surface speeds of 
the abrasive particles in the range of 40 ft/sec. According to 
Auth, at surface speeds beloW 40 ft/ sec his abrasive burr Will 
remove hardened atherosclerotic materials but Will not dam 
age normal elastic soft tissue ofthe vessel Wall. See, e.g., US. 
Pat. No. 4,990,134 at col. 3, lines 20-23. 
[0006] HoWever, not all atherosclerotic plaques are hard 
ened, calci?ed atherosclerotic plaques. Moreover, the 
mechanical properties of soft plaques are very often quite 
close to the mechanical properties of the soft tissue of the 
vessel Wall. Thus, one cannot alWays rely entirely on the 
differential cutting properties of such abrasives to remove 
atherosclerotic material from an arterial Wall, particularly 
Where one is attempting to remove all or almost all of the 
atherosclerotic material. 
[0007] Moreover, a majority of atherosclerotic lesions are 
asymmetrical (i.e., the atherosclerotic plaque is thicker on 
one side of the artery than on the other). As Will be under 
stood, the stenotic material Will be entirely removed on the 
thinner side of an eccentric lesion before it Will be removed on 
the thicker side of the lesion. Accordingly, during removal of 
the remaining thicker portion of the atherosclerotic plaque, 
the abrasive burr of the Auth device or the abrasive-coated 
enlarged diameter segment of the drive shaft of the Shturman 
device Will necessarily engage healthy tissue on the side that 
has been cleared. Indeed, lateral pressure by such healthy 
tissue against the abrading device is inherently required to 
keep the abrading device in contact With the remaining 
stenotic tissue on the opposite Wall of the passageWay. For 
stenotic lesions that are entirely on one side of an artery (a 
relatively frequent condition), the healthy tissue across from 
the stenotic lesion Will be exposed to and in contact With the 
abrading device for substantially the entire procedure. More 
over, pressure from that healthy tissue against the abrading 
device Will be, in fact, the only pressure urging the abrading 
device against the atherosclerotic plaque. Under these condi 
tions, a certain amount of damage to the healthy tissue is 
almost unavoidable, even though undesirable, and there is a 
clear risk of perforation or proliferative healing response. In 
some cases, the “healthy tissue” across from a stenotic lesion 
may be someWhat hardened by the interaction (i.e., it has 
diminished elasticity); under such circumstances, the differ 
ential cutting phenomenon described by Auth Will also be 
diminished, resulting in a risk that this “healthy” tissue may 
also be removed, potentially causing perforation. 
[0008] Thus, notWithstanding the foregoing and other 
efforts to design a rotational atherectomy device, there 
remains a need for such a device that can advance through soft 
atheromas While providing minimal risk of dislodging 
emboli, and risk of injury to the surrounding vessel Wall. 

SUMMARY OF THE INVENTION 

[0009] There is provided in accordance With one aspect of 
the present invention, a rotational medical device. The device 
comprises an elongate ?exible tubular body, having a proxi 
mal end and a distal end. A rotatable element extends through 
the body. A rotatable tip at the distal end of the body is 
connected to the rotatable element. A control is provided on 
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the proximal end of the body. At least one radially inwardly 
extending stationary cutting member is provided on the tubu 
lar body, and at least one radially outWardly extending ?ange 
on the rotatable tip is provided for cooperating With the sta 
tionary cutting member to cut material draWn into the tubular 
body. 
[0010] In one embodiment, the device comprises tWo radi 
ally outWardly extending ?anges on the tip. The device may 
also comprise tWo stationary cutting member on the tubular 
body. The device may further comprise an annular recess in 
the tubular body, for rotatably receiving the radially out 
Wardly extending ?ange. The distal end of the rotatable tip 
may be either approximately aligned axially With the distal 
end of the tubular body, extend beyond the distal end of the 
tubular body, or be recessed Within the tubular body. 
[0011] In accordance With another aspect of the present 
invention, there is provided a method of removing material 
from a vessel. The method comprises the steps of providing 
an elongate ?exible tubular body, having a proximal end and 
a distal end, a rotatable tip at the distal end of the tubular body, 
and at least on stationary cutting member on the tubular body 
Which cooperates With at least one ?ange on the rotatable tip. 
The distal end of the tubular body is advanced transluminally 
to the material, and the rotatable tip is rotated. Portions of the 
material are draWn proximally past the rotatable tip so that the 
material is cut by the action of the ?ange rotating past the 
stationary member. 
[0012] Preferably, the draWing step is accomplished by 
applying vacuum to the proximal end of the tubular body. The 
advancing step generally comprises advancing the tubular 
body along a guideWire. Preferably, the advancing step addi 
tionally comprises advancing the tubular body through a per 
cutaneous access site. 

[0013] In one aspect of the invention, the method further 
comprises the step of infusing ?uid through a ?ush port on the 
proximal end of the tubular body. The advancing step is 
accomplished by applying axial distal pressure on the tubular 
body, and may include the step of reducing the amount of 
axial distal pressure in response to feedback indicating a 
change in load on the rotatable tip. 
[0014] In accordance With a further aspect of the present 
invention, there is provided a method of removing material 
from a patient. The method comprises the steps of providing 
an elongate ?exible tubular body, having a proximal end, a 
distal end, and at least tWo radially inWardly extending sta 
tionary cutting members near the distal end. A rotatable distal 
tip is carried by the distal end of the tubular body, the tip 
having at least tWo radially outWardly extending ?anges, and 
a control on the proximal end of the tubular body. The distal 
tip of the tubular body is advanced to the material to be 
removed, and the control is manipulated to activate a vacuum 
through the tubular body. Rotation of the rotatable tip is 
commenced to remove material from the patient, and material 
is sheared betWeen the ?anges and the stationary cutting 
members. 
[0015] Further features and advantages of the present 
invention Will become apparent to those of skill in the art in 
vieW of the disclosure herein, When considered together With 
the attached draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic vieW of a device embodying 
the present invention; 
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[0017] FIG. 2 is a partially sectioned side vieW of a distal 
end of the device of FIG. 1, shoWing an embodiment of the 
cutter assembly; 
[0018] FIG. 3 is a side vieW of the cutter of FIG. 2; 
[0019] FIG. 4 is an end vieW of the cutter of FIG. 3 taken 
along the line 4-4; 
[0020] FIG. 5A is a partially sectioned side vieW of another 
embodiment of the cutter and housing; 
[0021] FIG. 5B is a cross-sectional vieW of the cutter and 
housing of FIG. 5A taken along the lines 5B-5B; 
[0022] FIG. 6 is a partially sectioned side vieW of yet 
another cutter and housing; 
[0023] FIG. 7 is a partially sectioned side vieW of a further 
cutter and housing; 
[0024] FIG. 8A is a top perspective vieW of a serrated cutter 
con?gured in accordance With certain features, aspects and 
advantages of the present invention; 
[0025] FIG. 8B is a side vieW ofthe serrated cutter of FIG. 
8A; 
[0026] FIG. 8C is a top vieW of the serrated cutter of FIG. 
8A; 
[0027] FIG. 9 is a sectioned side vieW of a control having 
features, aspects and advantages in accordance With the 
present invention; 
[0028] FIG. 10A is a schematic illustration of a pinch-valve 
sWitch in a position Which interrupts an applied vacuum and 
interrupts poWer ?oW to a drive motor; 
[0029] FIG. 10B is a schematic illustration of a pinch-valve 
sWitch in a position that applies the vacuum and interrupts 
poWer ?oW to the drive motor; 
[0030] FIG. 10C is a schematic illustration of a pinch-valve 
sWitch in a position Which applies the vacuum and alloWs 
poWer to ?oW to the drive motor; 
[0031] FIG. 11 is a schematic illustration of a representa 
tive motor control circuit in accordance With the present 
invention; 
[0032] FIG. 12 is an enlarged partially sectioned side vieW 
of a cutter, housing and catheter assembly con?gured in 
accordance With certain aspects and advantages of the present 
invention; 
[0033] FIG. 13 is a schematic vieW of a treatment process 
performed according to a ?rst mode of off-set operation; and 
[0034] FIG. 14 is a schematic vieW of a treatment process 
performed according to a second mode of off-set operation. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0035] With reference initially to FIG. 1, a surgical instru 
ment, indicated generally by reference numeral 10 having 
features, aspects and advantages in accordance With the 
present invention is depicted therein. In general, the illustra 
tive surgical instrument comprises an elongate ?exible tubu 
lar body 12 having a proximal end 14 and a distal end 16. A 
control 18 is preferably provided at or near the proximal end 
14 of the tubular body 12 for permitting manipulation of the 
instrument 10. The control 18 advantageously carries elec 
tronic controls and indicators as Well as vacuum controls as 
Will be discussed beloW. 
[0036] With reference noW to the partially sectioned vieW 
of FIG. 2, the tubular body 12 preferably has an elongate 
central lumen 20. Desirably, the tubular body 12 has a cutter 
housing 21 for receiving a cutter 22 that may rotate therein. 
The illustrated cutter 22 is coupled to the control 18 for 
rotation by Way of an elongate ?exible drive shaft 24, as Will 
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be described below. In an over-the-Wire embodiment, the 
drive shaft 24 may also be provided With an axially extending 
central lumen 26 for slidably receiving a guideWire 28 as Will 
be understood by those of skill in the art. Moreover, in such 
con?gurations, the cutter 22 may also have a central lumen. 

[0037] The diameter of the guideWire 28 is preferably in the 
range of about 0.010 inch to about 0.020 inch. The lengths of 
the guideWire 28 and the tubular body 12 may be varied to 
correspond to a distance betWeen a percutaneous access site 
and a lesion being treated. For example, the guideWire 28 and 
the tubular body 12 should be long enough to alloW the cutter 
22 of the present surgical instrument 10 to track along the 
guideWire 28 and reach a target occlusion While also alloWing 
a proximal portion of the guideWire 28 to remain exterior to 
the patient for manipulation by the clinician (not shoWn). In 
an application for removing coronary artery atheroma by Way 
of a femoral artery access, guideWires having lengths from 
about 120 cm to about 160 cm may be used, and the length of 
the tubular body 12 may range betWeen about 50 cm and 
about 150 cm, as Will be understood by those of skill in art. 
For other applications, such as peripheral vascular procedures 
including recanaliZation of implanted vascular grafts, the 
length of the guideWire 28 and the tubular body 12 may 
depend upon the location of the graft or other treatment site 
relative to the percutaneous or surgical access site. Suitable 
guideWires for coronary artery applications include those 
manufactured by Guidant or Cordis. 

[0038] With reference noW to FIGS. 3 and 4, the illustrated 
cutter 22 includes a generally cylindrical sleeve shaped body 
30 having a central lumen 32 (FIG. 4). The cylindrical body 
30 of the cutter 22 generally has an external diameter of 
betWeen about 0.035 inch and 0.092 inch. In one embodi 
ment, the external diameter is approximately 0.042 inch. The 
body 30 has a Wall thickness betWeen about 0.003 inch and 
about 0.010 inch. In one embodiment, the Wall thickness is 
about 0.009 inch. The length of one embodiment of the 
present cutter 22 from proximal end 34 to distal end 36 is 
approximately 0.096 inch but the length may vary from about 
0.040 inch to about 0.120 inch or more, depending upon the 
intended use. In general, tip lengths of no more than about 
0.100 inch are preferred; shorter tip lengths permit greater 
lateral ?exibility and enable increased remote access as Will 
be apparent to those of skill in the art. 

[0039] With continued reference to FIG. 3, an end cap 38 
may be formed on the distal end 36 of the present cutter tip 22. 
Speci?cally, the cylindrical body 30 may be machined to 
create an integral (i.e., one piece) end cap 38. The end cap 38 
may have a thickness of approximately 0.007 inch; hoWever, 
the end cap thickness may range from about 0.003 inch to 
about 0.020 inch. Additionally, it is contemplated that a dis 
crete end cap 38 may also be separately machined and 
attached. For instance, the end cap 38 may be formed from a 
more lubricious material to reduce frictional contact betWeen 
the guideWire 28 and the end cap 38. Such an end cap may be 
attached in any suitable manner. The end cap 38 preferably 
has an outside diameter that substantially corresponds to the 
outside diameter of the distal end 26 of the present cutter tip 
22. The end cap outside diameter may, hoWever, substantially 
correspond to the inside diameter of the cylindrical body in 
some embodiments. 

[0040] The end cap 38 may also have a centrally located 
aperture 39. The aperture 39, if present, preferably has a 
diameter of betWeen about 0.013 inch and about 0.025 inch. 
In one embodiment, the aperture 39 has a diameter of 
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approximately 0.022 inch. Desirably, the aperture 39 may 
accommodate a guideWire 28 or alloW ?uids to ?oW there 
through. As Will be appreciated, the cutter 22 may have a 
machined or otherWise integrally formed radially inWardly 
extending annular ?ange 41 (see FIG. 6). It is also anticipated 
that aspects of the present invention may also be practiced 
Without employing an end cap or inWardly extending annular 
?ange 41. In such con?gurations, the ?ange 41 may extend 
fully around the circumference of the cutter 22 or may have 
portions removed such that the annular ?ange 41 is actually a 
series of inWardly projecting tabs. Additionally, an outside 
distal edge of the end cap 38 or annular ?ange 41 is desirably 
broken, chamfered or rounded such that any sharp edge 
resulting from manufacturing may be removed, and such that 
the end cap may be rendered substantially atraumatic. 
[0041] With reference noW to FIGS. 2-4, a connector por 
tion 40 is preferably provided at or near the proximal end 34 
of the illustrated cutter 22 for securing the cutter 22 Within the 
cutter housing 21 such that the cutter may rotate therein. 
Additionally, the connector portion 40 may be a mechanical, 
self-locking method to secure the rotating cutter 22 Within the 
cutter housing 21 and to guard against undesired axial move 
ment of the cutter 22 relative to the housing 21. In certain 
embodiments, axial movement of the cutter may be accom 
modated Within the housing 21, and even Within the tubular 
body 12, as Will be discussed beloW in more detail. 
[0042] As Will be recognized by those of skill in the art, 
safety straps, redundant glue joints, crimping, and sWaging 
are commonly used to create redundant failure protection for 
catheter cutter tips. The advantageous structure of the present 
connector portion 40 retains the cutter tip 22 Within the cutter 
housing 21 and may reduce the need for such multiple redun 
dancies. As Will be described, the connector portion 40 may 
take various forms. 
[0043] In embodiments similar to the one illustrated in 
FIGS. 2-4, the connector portion 40 generally comprises tWo 
outWardly extending radial supports, such as a set of Wedge 
shaped ?anges 42. The ?anges 42 may be formed by remov 
ing material from an annular circumferential ?ange at the 
proximal end 34 of the cutter 22. The ?anges 42 may be 
formed into the illustrated Wedge-shape, although other 
shapes may also be desirable. The ?anges 42 may also be bent 
from a proximal extension of the Wall of tubular body 30, or 
adhered or otherWise secured to the proximal end 34 of the 
cutter 22. Moreover, as Will be recogniZed by one of ordinary 
skill in the art, the cutter 22 and ?anges 42 may be cast or 
molded using any suitable method dependent upon the mate 
rial chosen. As Will be recognized by those of ordinary skill in 
the art, the ?anges 42 may alternatively be connected to 
tubular body 30 at a point in betWeen the proximal end 34 and 
the distal end 36 of the cutter tip. 
[0044] Although tWo opposing ?anges 42 are illustrated in 
FIGS. 2-4, three or more ?anges 42 may be utiliZed, as Will be 
apparent to those of skill in the art. In general, the ?anges 42 
should be evenly distributed around the circumference of the 
cutter 22 to improve balance during rotation of the cutter 22. 
For example, three ?anges 42 Would preferably extend radi 
ally outWard from the cylindrical Wall of the body 30 on 
approximately 1200 centers. Similarly, four outWardly 
extending radial ?anges 42 Would preferably be located on 
approximately 900 centers. 
[0045] With reference noW to FIGS. 8A-8C, another con 
?guration of the connector portion 40 is illustrated therein. In 
the illustrated con?guration, the outWardly extending radial 
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supports 42 are also formed by removing material from an 
annular circumferential ?ange at the proximal end of the 
cutter 22. The supports 42 are attached to the balance of the 
cutter 22 With tangs 43 that are carved from the cutter 22 When 
the supports 42 are formed. In this manner, the tangs 43 do not 
require the slots that form the arms described above. Of 
course, a combination of the slots and arms and the tangs 
Without slots may also be used to attach the ?ange 42 to the 
cutter 22. In the illustrated embodiment, the tangs 43 prefer 
ably are betWeen about 0.010 inch and about 0.050 inch in 
length. More preferably, the tangs 43 are about 0.015 inch 
long. In one embodiment, the tangs are about 0.25 inch long. 
The tangs also have a Width betWeen about 0.010 inch and 
about 0.050 inch. In a presently preferred embodiment, the 
tangs have a Width of about 0.020 inch. 

[0046] The illustrated connector portion 40 has an outside 
diameter taken about the opposing ?anges 42 of approxi 
mately 0.071 inch. Generally, the outside diameter may range 
from about 0.057 inch to about 0.096 inch in a device 
intended for coronary artery applications. The thickness of 
the ?anges 42 in the axial direction (i.e., the dimension nor 
mal to the increase in diameter resulting from the ?anges) is 
about 0.010 inch but may range from about 0.004 inch to 
about 0.025 inch. In general, an outside diameter de?ned 
about the ?anges 42 may be selected to cooperate With the 
inside diameter of an annular retaining race or groove 54 in 
the housing 21, discussed beloW, to axially retain the cutter 22 
While permitting rotation of the cutter 22 relative to the hous 
ing 21. The thickness of the ?anges 42 and the axial Width of 
the retaining groove 54 also are generally designed to either 
alloW axial movement of the cutter 22 Within the housing 21 
or to limit or eliminate substantial axial movement of the 

cutter 22 Within the housing 21, as is discussed beloW. 

[0047] With continued reference to noW FIG. 3, each illus 
trated ?ange 42 is preferably attached to the cutter 22 by a 
spring arm 43. Each arm 43 is de?ned by tWo longitudinally 
extending slots 44 Which are formed in the cylindrical Wall of 
the body 30 adjacent each ?ange 42. The slots 44 are prefer 
ably about 0.005 inch in Width; hoWever the Width may range 
from approximately 0.001 inch to approximately 0.025 inch. 
The slots 44 of the present cutter 22 are also generally at least 
about 0.025 inch in axial length along the longitudinal axis of 
the body 30. One skilled in the art Will readily appreciate that 
the slots 44 of the present cutter 22 can be varied in axial 
length to vary the length of the cantilevered arm 43 that 
connects the ?anges 42 to the cutter 22. The slots 44, and the 
arm 43 de?ned betWeen the slots 44, and the tangs, alloW 
radial inWard compression of the ?anges 42 and spring arms 
43, or tangs, to ease assembly of the cutter 22 Within the cutter 
housing 21 as described beloW. 

[0048] Desirably, the cutter 22, and especially the portion 
containing the slots 44, is made of a material having an 
adequate spring constant as Will be understood by those of 
skill in the art. In one embodiment, the cutter 22 is made from 
a medical grade stainless steel alloy. The chosen material 
preferably has characteristics including the ability to alloW 
the cantilevered spring arm 43 to de?ect radially inWardly an 
adequate distance over the length of the arm 43 Without 
exceeding the elastic limit of the material (i.e., the de?ection 
is an elastic deformation). As is knoWn, elastic deformations 
alloW structures to de?ect and substantially return to their 
initial shape or position. For instance, special hardening 
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methods may be used to maintain the elasticity of the selected 
material in the de?ection range necessary for a speci?c appli 
cation. 

[0049] With reference noW to FIG. 2, the cutter 22 is snap ?t 
into the cutter housing 21. Advantageously, the arms 43 may 
be de?ected radially inWard such that the cutter 22 may be 
inserted into the cutter housing 21 through an aperture or 
lumen having a smaller ID than the inside diameter of the 
retaining groove 54 of the cutter housing 21. Preferably, the 
cutter 22 is inserted from the distal end of the housing 21 and 
slid proximally through the housing 21 until the ?anges 42 
snap outWard into the race 54. Thus, the cutter 22 Will be 
retained in this housing even if it separates from its drive 
element 24. Desirably, the arms 43 substantially return to 
their original, relaxed positions Within the retaining groove 
54 the cutter housing 21 folloWing installation. It should be 
appreciated that the arms 43 may also be maintained under a 
slight bending stress (i.e., the inside diameter of the race 54 
may be smaller than the outside diameter about the relaxed 
?anges 42) if desired. 
[0050] With reference noW to FIGS. 2-7, an external ele 
ment for cutting or manipulating occlusions, such as throm 
bus, Will be described in detail. The element may include a 
thread 46 that extends along a portion of the exterior surface 
of the body 30 of the present cutter 22. The thread 46 prefer 
ably extends distally from a location on the body 30 that is 
distal to the connector 40. The thread 46 may be manufac 
tured using any suitable technique Well knoWn to those of 
skill in the art. 

[0051] In one embodiment having a cutter housing 21 With 
an inside diameter of about 0.0685 inch, the major diameter of 
the thread 46 is approximately 0.0681 inch. HoWever, the 
major diameter of the present thread 46 may range from about 
0.050 inch to about 0.130 inch or otherWise, depending upon 
both the inner diameter of the cutter housing and the intended 
clinical application. The thread 46 of the foregoing embodi 
ment has a pitch of approximately 0.0304 inch and is desir 
ably helical. The pitch may range from about 0.005 inch to 
about 0.060 inch, and may be constant or variable along the 
axial length of the cutter 22. The thickness of the present 
thread 46 in the axial direction is approximately 0.008 inch; 
hoWever, the thickness may range from about 0.003 to about 
0.05, and may be constant or variable along the length of the 
thread 46. Thus, it is anticipated that the cutters 22 may also 
have a generally spiral helix thread. 
[0052] In some of the illustrated embodiments, the thread 
46 extends approximately tWo complete revolutions around 
the cylindrical body 30. The thread 46 may be a continuous 
radially outWardly extending ridge as illustrated, or may com 
prise a plurality of radially outstanding blades or projections 
preferably arranged in a helical pattern. The thread 46 may 
extend as little as about one-half to one full revolution around 
the cutter body 30, or may extend as many as 2% or 3 or more 
full revolutions around the circumference of the body 30, as is 
discussed more beloW. Optimization of the length of the 
thread 46 may be accomplished through routine experimen 
tation in vieW of the desired clinical objectives, including the 
desired maneuverability (i.e., tractability through tortuous 
anatomy) and the length of the cutter 22, as Well as the nature 
of the cutting and/or aspiration action to be accomplished or 
facilitated by the cutter 22. In addition, While the present 
cutter 22 is illustrated and described as having a single thread, 
one skilled in the art Will appreciate that the cutter 22 may also 
have multiple threads, a discontinuous thread or no threads. 
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[0053] Referring noW to FIGS. 6 and 7, the thread 46 illus 
trated therein is a constant pitch and varies in cross-section 
along its length from a relatively loW pro?le at the distal end 
36 to a relatively higher pro?le at the proximal end 34 of the 
cutter tip 22. Such a ramped thread 46 improves performance 
When the catheter encounters more dense obstructive mate 
rial. In such an embodiment, the major diameter of the distal 
lead 47 of the thread 46 is smaller than the major diameter of 
the thread along the more proximal portions of the cutter shaft 
30. It is anticipated that the pitch of the thread 46 may also 
vary along With the pro?le of the thread 46 to alter the clinical 
effects accomplished. 
[0054] As discussed directly above, the pitch of the thread 
46 may also be varied along the axial length of the cutterbody 
30. Varying the pitch alloWs a modi?ed function at different 
points along the axial length of the cutter 22, such as a greater 
axial thread spacing at the distal end 36 of the cutter 22 to 
engage material and a relatively closer axial spacing of the 
threads at the proximal end 34 of the cutter 22 for processing 
the material. In general, the pitch may range from about 0.010 
inch at the distal end to about 0.080 inch at the proximal end. 
In one embodiment, the pitch at the distal end 36 is approxi 
mately 0.034, the pitch at the proximal end 34 is approxi 
mately 0.054, and the pitch varies continuously therebe 
tWeen. The maximum and minimum pitch, together With the 
rate of change of the pitch betWeen the proximal end 34 and 
the distal end 36 can be optimiZed through routine experi 
mentation by those of skill in the art in vieW of the disclosure 
herein. 

[0055] With reference to FIG. 6, the ramped thread diam 
eter results in a distal portion 36 of the cutter 22 that can 
extend distally beyond the cutter housing 21 and a proximal 
portion 34 of the cutter tip 22 that Will be retained Within the 
cutter housing 21. This results, in part, from a radially 
inWardly extending retaining ?ange 41 Which reduces the 
diameter of the opening 39 at a distal end 52 of the cutter 
housing 21 relative to an internal bore of the housing 21. As 
shoWn in FIG. 3, the distal portion 45 of the thread 46 may 
have its leading edge broken, chamfered or rounded to 
remove a sharp corner or edge. By eliminating the sharp 
corner or edge, the risk of accidental damage to the patient is 
reduced. The distal edge of the cylindrical body 30 and the 
?anges 42 may also be broken, chamfered or otherWise 
rounded to eliminate or reduce sharp edges. 
[0056] With reference to FIG. 2, the outside diameter of the 
thread 46 in this embodiment has a close sliding ?t With the 
inside diameter, or inner Wall, of the cutter housing 21. In this 
con?guration, the atheromatous material Will be avulsed by 
the threads 46, fed further into the housing 21 toWard the 
?anges 42 and chopped or minced by the ?anges 42. To 
further enhance the chopping or mincing action of the ?anges 
42, a stationary member (not shoWn) or a set of stationary 
members (not shoWn) may be positioned such that the rotat 
ing ?anges 42 and the stationary member or members (not 
shoWn) effect a shearing action. The shearing action breaks 
up the strands into shorter sections, Which are less likely to 
clog the instrument, as described beloW. Moreover, the 
?anges 42 may be provided With sharply chamfered leading 
or trailing edges to alter their cutting action, if desired. 
[0057] It may be desirable in some embodiments to provide 
an annular space betWeen the outside diameter of the thread 
46 and the inside diameter of the cutter housing 21. By spac 
ing the thread 46 apart from the inside Wall of the central 
lumen 20, an annular space is provided for material to pass 
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through the cutter housing 21 Without being severed by the 
thread 46 of the cutter tip 22. This may be utiliZed in conjunc 
tion With vacuum, discussed beloW, to aspirate material into 
the atherectomy device Without the necessity of complete 
cutting by the thread 46 or ?anges 42. This may be advanta 
geous if the rate of material removal effected by aspiration is 
higher than the rate at Which material removal may occur With 
the thread 46 engaging such material. In addition, the rota 
tional atherectomy device 10 may more readily aspirate cer 
tain lesion morphologies, such as those including portions of 
calci?ed plaque, if the thread 46 is not required to cut all the 
Way through the aspirated material. In general, the desired 
radial distance betWeen the thread 46 and the inside Wall of 
the cutter housing 21 Will be betWeen about 0.0001 inch and 
about 0.008 inch, to be optimiZed in vieW of the desired 
performance characteristics of the particular embodiment. In 
an embodiment intended solely to aspirate soft atheromas, the 
cutting function of the thread 46, or the thread 46 itself, may 
be deleted entirely, so that cutting occurs by the ?anges or 
cutting blocks 42 and/ or stationary members (not shoWn) in 
cooperation With the aspiration provided by a vacuum source. 

[0058] Interventions for Which an atraumatic distal tip is 
desired, such as, for example but Without limitation, saphen 
ous vein graphs, can be Well served by an atraumatically 
tipped cutter 22, as illustrated in FIG. 7. The blunt tip cutter 22 
preferably has a bulbous or rounded tip 23 that extends from 
the distal end of the cutter 22. The tip 23 preferably has a 
radially symmetrical con?guration such that upon rotation it 
presents a smooth, atraumatic surface for tissue contact. 
VieWed in side elevation, such as in FIG. 7, the tip 23 may 
have a generally hemispherical, oval, elliptical, aspheric or 
other smooth curve on its radial surface With either a curved 
or truncated (i.e., ?at) distal surface. As Will be recognized, 
the shape of the tip 23 may be varied to achieve desirable 
effects on the catheter crossing pro?le or on soft atheromas, 
etc. In general, the tip 23 advantageously minimiZes the pos 
sibility of traumatic contact betWeen the healthy Wall of the 
vessel and the thread 46 or other cutting element. 

[0059] The outside diameter of the tip 23 may range from 
the outside diameter of the cutter body 30 to the outside 
diameter of the cutter housing 21. Diameters greater than the 
housing 21 may also be used, but diameters smaller than the 
housing 21 facilitate a smaller crossing pro?le of the instru 
ment 10. The axial length of the tip 23 may be varied to suit 
the intended application, but Will generally be Within the 
range of from about 0.050 inch to about 0.100 inch in a 
coronary artery application. 
[0060] The outside surface of tip 23 may be provided With 
surface texturing or treatments. As Will be recogniZed by 
those of skill in the art, the surface texturing or treatments 
may be formed by abrasive coating (i.e., coating the tip With 
diamond particles), acid etching or any other suitable method. 
The texture or treatments may be on the distal surface or the 
lateral surfaces or both such that a tWo-stage interaction With 
the encountered materials may occur. Thus, the tip can be 
used for grinding or otherWise remodeling the encountered 
materials. For example, an abrasive distal surface can be used 
to cut through calci?ed plaque, While a smooth radial surface 
can compress soft material against the vessel Wall to facilitate 
acceptance into the helical thread 46 of the cutter 22. Varying 
the distance betWeen the distal end 47 of the thread 46 and the 
proximal end of the tip 23, as Well as varying its geometry, can 
alloW adjustments to the cutter aggressiveness. For instance, 
the thread 46 may extend up to the proximal edge of the tip 23 


























