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(57) ABSTRACT

The present invention is an atherectomy catheter with a
hollow head. The head has a window with at least one
internal bladed edge, a plunger, and an adjustable angle
nose. The angle of the nose can be manipulated by the
operator to apply pressure to an artery wall, thereby forcing
the window and the window cutting edge up against a plaque
target on the opposite side of the artery wall. The position of
the plunger can be manipulated by the operator to open or
close the window, thereby exposing or not exposing the
bladed window edge, and optionally also pinching off dan-
gling plaque fragments. Cut plaque enters the hollow cath-
eter head through the open window, and is stored inside the
catheter for removal from the body and subsequent analysis.
In some embodiments, the catheter head may have optional
sensors, or the plunger may also serve as a rotary cutter.
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HIGH CAPACITY DEBULKING CATHETER WITH
RAZOR EDGE CUTTING WINDOW

RELATED U.S. APPLICATION DATA

[0001] The present application is a continuation in part of,
and claims the priority benefit of, U.S. application Ser. No.
09/930,372, filed Aug. 14, 2001. Application Ser. No.
09/930,372 was a continuation of, and claimed the priority
benefit of, U.S. application Ser. No. 09/378,224 filed Aug.
18, 1999. The present application is a continuation in part of,
and claims the priority benefit of, U.S. application Ser. No.
10/896,471, filed Jul. 21, 2004. Application Ser. No. 10/896,
471 was a continuation in part of, and claimed the priority
benefit of, application Ser. No. 10/288,559 filed Nov. 4,
2002. Application Ser. No. 10/288,559 was a continuation in
part of, and claimed the priority benefit of, application Ser.
No. 10/027,418, filed on Dec. 19, 2001. Application Ser. No.
10/027,418 in turn claimed the priority benefit of Provi-
sional Patent Application Ser. No. 60/257,704, filed Dec. 20,
2000, entitled “Debulking Catheter” and Provisional Patent
Application Ser. No. 60/272,273 filed Feb. 27, 2001. The
complete disclosures of all references (U.S. application Ser.
Nos. 09/930,372; 09/378,224; 10/896,471; 10/288,559;
10/027,418; 60/257,704 and 60/272,273) are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] Restriction of blood circulation due to the athero-
sclerotic build up of plaque in arteries is the source of much
mortality and morbidity. Plaque deposits in cardiac arteries
can result in angina and myocardial infarction. Plaque
deposits in peripheral arteries of the limbs can result in
peripheral artery disease (PAD). PAD affects about 20% of
the population over 70, and in more severe forms (which
afflict about 2 million people in the U.S.) can lead to
non-healing ulcers, infection, and eventually loss of limb
due to amputation. Most people die within two years of such
amputations.

[0003] Although many techniques, such as stenting and
balloon angioplasty, have been developed to help restore
circulation to plaque occluded cardiac arteries, these meth-
ods tend to be less effective for peripheral arteries. Stents,
although well suited to low-mobility cardiac arteries, tend to
either restenose or frequently break in peripheral limb
arteries because these arteries are subjected to greater move-
ment and mechanical stress. Balloon angioplasty, which
stretches the artery walls while it compresses and redistrib-
utes plaque, tends to cause a greater and typically less
acceptable amount of artery wall damage when it is used
with peripheral arteries. Additionally, since angioplasty sim-
ply redistributes plaque rather than actually removing
plaque, in the higher mobility peripheral arteries, the redis-
tributed plaque tends to relatively quickly distribute itself
back into an unacceptable configuration again.

[0004] From the surgical perspective, one of the most ideal
ways to treat arteries blocked by plaque is to remove the
plaque from the inside of the artery using an atherectomy
catheter. Such catheters, which come in a variety of different
designs, can be introduced into the body at a convenient
location and threaded inside the artery to the plaque
occluded target region (which can usually be determined
exactly using fluoroscopy and appropriate radio opaque
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contrast dyes). Once they are at the correct region, atherec-
tomy catheters then surgically remove the occluding plaque.

[0005] Many different types of atherectomy catheter
devices have been proposed, including catheters with rotat-
ing burrs (Boston Scientific Rotablator), lasers to photo-
dissolve tissue (Spectrametics Laser Catheter), and cutter-
balloon catheters (Guidant AtheroCath). All have certain
drawbacks, however, such as difficulty in traversing through
small and torturous arteries to get to the plaque occluded
target zone or zones.

[0006] One of the biggest problems plaguing prior art
atherectomy catheters is the problem of gracefully handing
the shaved plaque remnants. Some designs, such as the
Rotablator, make no attempt at all to handle the liberated
plaque fragments, and instead let the fragments migrate
through the circulation. This can cause many problems,
because the liberated plaque remnants can be thrombogenic,
and can end up causing downstream occlusions. Other
catheter designs attempt to reduce this problem by capturing
the plaque shavings and safely removing them from the
body. Capturing the plaque shavings also makes the samples
available for pathologic and medical diagnostic examina-
tion, and may give important information as to the root
causes behind the plaque build-up in the first place.

[0007] Examples of such cutting catheters include
Andreas U.S. Pat. No. 5,250,059; Farley, U.S. Pat. No.
5,624,457; Conley U.S. Pat. No. 5,669,920; Schultz U.S.
Pat. No. 5,836,957; and Rogers U.S. Pat. No. 6,120,515.
Other prior art includes Snow, U.S. application Ser. No.
09/930,372; Methods for removing atheromatous material
from a body lumen

[0008] More recent atherectomy catheters, such as the Fox
Hollow SilverHawk articulated rotating blade atherectomy
catheter, have been designed to address such issues. The
SilverHawk catheter (exemplified by U.S. patent application
Ser. Nos. 10/027,418; 10/288,559; 10/896,747; and others)
uses a unique rotating blade, window, and hinged hollow
nose design, which can be controlled to either assume a
straight position or an angled (drooped) position.

[0009] To use the SilverHawk atherectomy catheter, the
operator will usually first insert a guide wire to the proper
location, attach the SilverHawk to the guidewire, and intro-
duce the SilverHawk through a convenient artery port, often
located near the groin region. The operator then maneuvers
the SilverHawk device to the appropriate region of plaque
with the SilverHawk hinged (bendable) nose in a straight
configuration. Once at the target zone, the operator then
bends the angle of the SilverHawk’s hollow nose. The nose
contacts the artery wall opposite the plaque target, and
which in turn results in an opposing force that presses the
catheter’s window and cutter against the plaque.

[0010] The operator will then spin-up the cutter, and move
the catheter across the target zone. The rotary cutter cuts a
thin strip of plaque, which is directed, by the motion of the
cutter and the device’s geometry, into the hollow nose cone.
The cuttings stay in the nose cone, where they can eventu-
ally be removed from the body and analyzed.

[0011] The SilverHawk atherectomy catheter represented
a significant advance in the state of the art, because it
enabled substantially longer regions (often several centime-
ters or more) of plaque to be shaved for each pass of the
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catheter over a region. An additional advantage was that the
catheter could be rotated; exposing the window and the
rotating blade to another region, and a target region of
plaque could thus be shaved multiple times, allowing precise
control over the amount and geometry of the plaque reduc-
tion process.

[0012] Although the SilverHawk catheter demonstrated
the utility of this type of approach, further improvements
were still desirable. In particular, the available plaque stor-
age space in the device’s hollow nose cone was limited, and
improvements in trimming partially attached plaque shav-
ings were also desirable.

[0013] One problem was that whenever the nose cone
filled with plaque, the catheter needed to be pulled from the
body, cleaned, and then laboriously rethreaded to the correct
location in the target zone again. This tended to significantly
prolong the length and effort required for many medical
procedures, and thus was undesirable to both physician and
patient alike. Methods to reduce this burden were thus
highly desirable.

[0014] A second problem was how to optimize plaque
handling near the edges of trimmed areas. In some cases,
plaque would be partially severed by the rotating cutter, yet
still remain partially attached to the artery wall. This dan-
gling plaque sometimes had a tendency to deform when a
cutter passed over it, rather than be neatly severed and stored
in the catheter’s plaque storage compartment. Here, an
alternative cutting means that could either cut the plaque
from the opposite direction, and/or pinch off, cut, and store
dangling plaque would be advantageous.

[0015] Atherectomy design engineers face some formi-
dable design challenges, however. In order to navigate the
narrow and torturous arteries, veins and other lumens of the
body, such catheters must have extremely small diameters,
usually on the order of 1 to 3 millimeters (3-9 French). At
the same time, the devices must be flexible enough to be
threaded through such arteries, yet have sections that are
rigid enough to accomplish the required positioning, cutting,
and plaque storage functions.

[0016] Due to these many design constraints, mechanical
designs that might be relatively simple to execute with larger
diameter devices become very problematic at such
extremely small diameters. Additional constraints, such as
the need to use biocompatible materials, the need for
extremely high reliability, and the need for accommodate a
wide variety of different plaque targets in different patients
make the design of such devices quite challenging.

BRIEF SUMMARY OF THE INVENTION

[0017] The present invention is an improved atherectomy
catheter designed with increased plaque carrying cap ability,
and an improved ability to trim plaque, including the dan-
gling portions of plaque that are still partially attached to
artery or other body lumen walls. The catheter will normally
comprise a long catheter tube, with a cutting head attached
to the tube comprising at least a hollow rigid tubular portion
with a bladed edge window, and an adjustable angle distal
nose portion. The catheter head may additionally contain
either a moveable plunger or a moveable plunger cutting
wheel. The catheter may achieve its plaque cutting action by
more than one modality.
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[0018] In a first cutting modality, an operator controlled
variable angle (drooping) nose or nose region is bent by the
operator. The tip of the nose contacts an opposite artery wall
or other body lumen, forcing (as an equal and opposite
reaction) a bladed window opening on the opposite side of
the catheter up against a target region of plaque on the
opposite artery wall. The operator then retracts a plunger or
shield that obscures the bladed edge of the catheter window,
and advances the catheter. The bladed window edge shaves
the plaque, and plaque shavings pass through the window
opening into a hollow storage space inside the catheter,
where the shavings are stored. The shavings may then be
subsequently removed from the body and subjected to
pathological or medical diagnostic analysis as needed.

[0019] In a second cutting modality, an operator uses the
catheter’s moveable plunger to close the catheter’s open
window. As it closes the window, the plunger presses any
dangling plaque that is protruding into the window up
against the bladed edge of the window. The dangling plaque
is severed by the pinching action of the window blade and
the plunger, and again enters the hollow storage space inside
the catheter.

[0020] In a third cutting modality, an operator spins up a
moveable combination plunger and cutting wheel, and uses
the spinning plunger/cutting wheel to almost close the
catheter’s open window, while optionally advancing or
retracting the catheter. The dangling plaque is thus subjected
to cutting action from both sides, as well as a pinching
action, and an optional force due to advancement or retrac-
tion of the catheter. The severed plaque fragment and again
enters the hollow storage space inside the catheter.

[0021] In a fourth cutting modality, an operator may spin
up a moveable plunger cutting wheel, and cut plaque by
alternately advancing and retracting the catheter head.
Plaque will be subjected to cutting from the bladed window
when the catheter is advanced, and will be subjected to
cutting from the rotating plunger when the catheter is
retracted. As before, the shavings will again enter into the
hollow storage space inside the catheter.

[0022] Normally, when the operator wishes to advance or
retract the catheter through the body either towards or away
from the target zone, the operator will use a mechanism
connected to the plunger to close the window. This helps
insure that the bladed window edge will not inadvertently
damage non-target regions of the arteries or other body
lumens.

[0023] Tt is contemplated that in normal operation, the
operator may switch between various cutting modalities as
appears best for the given situation. The present design gives
the operator a greater number of cutting options than prior
art designs, thus allowing quicker and more precise proce-
dures to be accomplished. Due to the fact that the present
invention stores the plaque shavings in the relatively large
hollow storage space of the catheter body, rather than the
relatively small storage space of the catheter nose (as was
done with prior art designs), the catheter may additionally
operate for a longer period of time before it must be
withdrawn from the body for cleaning, and reinserted. This
speeds up the procedure time, and reduces the burden on
patients and physicians.

[0024] In an alternative embodiment of the present inven-
tion, sensors may also be added to the design to help the
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operator properly position the device relative to target
plaque or other body lumen targets of interest, and also
properly orient the cutting window of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 shows an overall view of the unit, including
the proximal operator control, the catheter, and the distal
catheter cutting head.

[0026] FIG. 2A shows a top view of the distal catheter
cutting head.

[0027] FIG. 2B shows a side view of the distal catheter
cutting head with the adjustable angle catheter nose in the up
configuration.

[0028] FIG. 2C shows a side view of the distal catheter
cutting head with the nose angled down in a drooped
configuration.

[0029] FIG. 3 shows how a guide wire may be threaded
through the catheter and the distal cutting head.

[0030] FIG. 4A shows the razor edge on the catheter
window cutting through plaque with the plug in an open
window configuration.

[0031] FIG. 4B shows the how dangling plaque may be cut
off and stored in the head of the device by closing the plug.

[0032] FIG. 5 shows a variety of different catheter window
blade edges.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] The present art is normally intended for use with
human patients, as well as various veterinary applications.
For simplicity, this combined human or animal use will be
referred to as use in mammals, although of course such
devices could also be used in appropriate non-mammal
animals such as birds, reptiles, and amphibians, etc., as
appropriate.

[0034] 1t should also be understood that although the
examples of cutting unwanted plaque deposits in arteries are
used throughout this disclosure, the actual invention may be
used for a broader variety of applications, including remov-
ing tumors, getting biopsies, etc. in arteries, veins, and any
other tubular or roughly tubular body lumen.

[0035] Nomenclature: The handle end of the catheter is the
proximal location, and the nose cone tip of the catheter is the
distal location.

[0036] An overview of the device is shown in FIG. 1. The
device consists of a handle (101), one or more control knobs,
tabs, or switches (102), a long catheter tube or shaft (103),
and the cutting atherectomy head (104).

[0037] The catheter tube or shaft (103) will typically
consist of a flexible tube, which is often hollow and capable
of passing a guide wire, as well as optionally other materials
such as drugs and contrast materials, control wires, drive
shafts, sensors, sensor fibers or wires, ultrasonic signals, and
the like. The control wires may optionally be used to operate
plunger settings, nose angle, and the like as will be discussed
in the next sections.
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[0038] In some embodiments, the handle (101) may also
contain a battery and motor for driving a screw material
transport device in the catheter head (104), or a rotating
combination plunger and cutter. In this case, the tube (103)
may contain a shaft or hollow shaft additionally capable of
transmitting torque from a motor mounted in the handle to
the atherectomy head.

[0039] The cutting atherectomy head (104) will typically
consist of a hollow body and a moveable tapered nose,
which in some embodiments is connected to the front of the
hollow body by at least one hinge. The head will additionally
consist of at least a window with a razor edge, and a
moveable plunger or combination plunger/cutter that can
transition from a more distal (open window) position to a
more proximal (closed window) position. Head (104) may
additionally contain openings or ports to accommodate a
guidewire to allow the catheter head to be precisely threaded
through torturous arteries, veins, or other body lumens.

[0040] In the event that use with a guide wire is desired,
to allow the head’s bladed window and plunger cutting
mechanism to operate freely and without risk accidentally
cutting or entangling with the guide wire, the guide wire
may be routed to exit from the proximal region of the
catheter head, and then reenter the catheter head at the distal
region of the head, thus skipping the plaque cutting and
storage regions of the head. In some configurations, the
guide wire will reenter the catheter head at the distal nose
region, travel through the nose end of the head for a short
distance, and then finally exit the head again through a third
exit port, often located near the tip of the catheter’s nose
located at the extreme distal end of the catheter.

[0041] FIG. 2A, 2B, and 2C show close-ups of the cutting
atherectomy head (104) from various angles. FIG. 2A shows
the head from the top. The figure shows the head’s adjust-
able angle nose cone (201), hinge pins (202), moveable plug
(203), window opening (204), window blade edge (205), the
plug movement shaft (206) an optional helical screw to help
move and compact any plaque shavings (207), and the main
body of the head (210).

[0042] The catheter’s nose (201) usually has a tapered or
conical atraumatic design intended to allow the catheter
head to easily migrate through arteries. It may be composed
of softer materials, and may additionally have an internal
coiled spring or other means to allow the tip to bend
somewhat as needed to migrate through torturous arteries
and other body lumen structures.

[0043] FIG. 2B shows the same head from the side. Here
the adjustable angle nose (201) is shown in the “up” or
straight configuration, which allows the catheter head to
migrate though the torturous arteries and body lumens with
maximum ease. In this figure the plug (203) is shown in the
extended configuration and the window (204) is open. In
actual operation however, when the head is being moved
through the arteries to a target site, plug (203) will normally
be in a closed position, closing window (204), and normally
blocking window blade (205). This closed position helps to
prevent the window blade (205) from accidentally nicking or
cutting non-target regions of the arteries or other body
lumens while the device is being moved to and from its
various target zones.

[0044] FIG. 2C shows the head from the side, showing the
catheter operating in a cutting configuration after the cath-


















