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(57) Abstract: A medical device (100) enables a user to bend it into a
shape to suit a specific patient need or to orient efficiently the medical
device for use. The medical device (100) includes an elongate member
(104), a mechanism (109), and an actuator (110). The mechanism (109) is
disposed at the distal portion of the elongate member (104). The actuator
(110) is at least partially disposed within the elongate member (104) and
coupled to the mechanism (109) for actuating the mechanism relative to
the elongate member. The elongate member (104) is capable of being bent
into a shape by the user and of retaining the shape during use. The shape
may include multiple bends, in multiple directions, as needed for an ap-
plication. Thereafter, the elongate member is capable of being bent into a
second shape by the user and of maintaining the second shape during use.
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RE-SHAPEABLE MEDICAL DEVICE

Technical Field

[0001] The invention relates to devices and methods for accessing remote areas within the body
and performing surgical procedures therein.

Background Information

[0002] For many surgical procedures, it is necessary to make a large opening in the human body
to expose the area that requires surgical repair. There are instruments available that allow for
viewing certain areas of the human body through, for example, a natural body opening or a small
puncture wound, and thus avoid the need for making such large openings. These instruments,
called endoscopes, can be used in conjunction with specialized surgical instruments to detect,
diagnose, sample, and repair areas of the body that previously required open surgery to access.
[6003] Some surgical instruments used in endoscopic procedures are limited by the way they
grasp tissue, cut tissue, apply a suture, or recapture the needle and suture. Furthermore, many
surgical instruments are complicated and expensive to use due to the numerous parts and/or
subassemblies required to make them function properly. Suturing, in particular, remains a
delicate and time-consuming aspect of most surgeries, including those performed
endoscopically.

[0004] In addition, many of the instruments used in endoscopic procedures are limited by the
manner in which they access the areas of the human body in need of diagnosis, sampling,
treatment, or repair. In particular, the instruments may not be able to access tissue or organs that
are located deep within the body or that are in some way obstructed. The instruments used in
endoscopic procedures typically have a rigid shaft, and do not allow the user to contour the shaft

for a more efficient orientation to reach the location of diagnosis, sampling, treatment, or repair.
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Instruments with various shaft configurations have been introduced to accommodate specific
applications. Thus, a user’s inventory of instruments may include a number of rigid shaft
instruments for various applications.

Summary of the Invention

[0005] The invention generally relates to a medical device for performing a surgical procedure,
such as removing a mass of tissue, grasping a mass of tissue, or passing a suture through tissue.
Specifically, in one embodiment, the invention is directed to a medical device that can be bent by
a user into a shape to suit a specific patient need or to efficiently orient the distal portion of the
device to reach the location of use. The shape may include multiple bends, in multiple
directions, as needed for a particular application. The medical device maintains the shape during
use. Thereafter, the medical device is capable of being bent into a second shape by the user to
suit another specific patient need or to efficiently orient the distal portion of the device to reach
the location of another use; the device is further capable of maintaining the second shape during
use.

[0006] In one aspect, the invention is directed to a medical device including an elongate
member, a mechanism, and an actuator. The elongate member is capable of being bent into a
shape by a user and of retaining the shape during use. The mechanism is an arrangement of one
or more parts connected and/or operated to perform a task, such as diagnosis, sampling,
treatment, or repair. The mechanism is disposed at a distal portion of the elongate member. The
actuator is at least partially disposed within the elongate member and coupled to the mechanism
for actuating the mechanism relative to the elongate member.

[0007] In another aspect, the invention relates to a medical device including an elongate
member, an adapter, and an actuator. The elongate member is capable of being bent into a shape
by a user and of retaining the shape during use. The adapter is disposed at a distal portion of the

elongate member for coupling to a mechanism. The actuator is at least partially disposed within
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the elongate member and is capable of coupling to the mechanism and of actuating the
mechanism.

[0008] In yet another aspect, the invention relates to a suturing instrument including an elongate
member, a head, a needle carrier, and an actuator. The elongate member is capable of being bent
into a shape by a user and of retaining the shape during use. The head extends from the distal
portion of the elongate member. The needle carrier is disposed within the head. The actuator is

at least partially disposed within the elongate member. The actuator is also coupled to the needle

. carrier for advancing the needle carrier out of the head. In one embodiment, the head defines an

opening, the needle carrier holds a needle, and the actuator advances the needle carrier out of the
opening. In addition, the head may include a needle catch having at least one opening for
receiving the needle.

[0009] In various embodiments of the foregoing aspects of the invention, the elongate member
may have a variable stiffness along its length. The diameter of the elongate member may vary
along its longitudinal axis. For example, the elongate member may have a smaller diameter at its
distal end than at its proximal end. Further, the elongate member may be a tube. The tube may
have a non-uniform wall-thickness. The non-uniform wall-thickness may be at least partially
due to scoring, which may be done in a spiral pattern.

[0010] In additional embodiments, the elongate member may be made of metals, alloys and
plastics. The metals may be selected from nickel, copper, stainless steel, cobalt, vanadium,
chromium, iron, and superelastic metallic alloys. The plastics may be selected from synthetic
plastics, polyurethanes, polyester elastomers, and nylons. The external surface of the elongate
member may be at least partially covered with a biocompatible material. The biocompatible
material may be stainless steel, polyvinyl chloride, polytetraflouroethylene, expanded

polytetraflouroethylene, ethylene-tetrafluoroethylene, silicone, or combinations thereof.
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[0011] In some embodiments of the foregoing aspects of the invention, the mechanism
associated with the medical device is an imaging device, a stapling device, a biopsy device, an
injection device, a cutting device or a capturing device. The adapter is adjustable relative to the
elongate member. Adjustable, in these embodiments, means articulable and/or rotatable with
respect to the elongate member.

[0012] In some embodiments of the foregoing aspects of the invention, the medical device is a
suturing instrument. In one such embodiment, the distal portion of the elongate member defines
an opening, the mechanism is a needle carrier for holding a needle, and the actuator advances the
needle carrier out of the opening. In another such embodiment, the mechanism is a suturing
head that extends from the adapter and defines an opening, a needle carrier for holding a needle
is disposed within the head, and the actuator advances the needle carrier out of the opening. The
suturing instrument may also include a needle catch disposed proximate the distal portion of the
elongate member. The needle catch may include at least one opening for receiving the needle.
In some embodiments of the suturing instrument, the head is adjustable with respect to the
elongate member. Adjustable, in such an embodiment, means articulable and/or rotatable with
respect to the elongate member.

[0013] In some embodiments of the foregoing aspects of the invention, the elongate member is
capable of being bent into a second shape by the user and of retaining the second shape during
use. In other embodiments, the elongate member is capable of being bent into a shape that
includes one or more bends. In yet another embodiment, the elongate member is capable of
bending in one or more directions.

[0014] Advantages and features of the invention disclosed herein will become apparent through
reference to the following description, the accompanying drawings, and the claims.
Furthermore, it is to be understood that the features of the various embodiments described herein

are not mutually exclusive and can exist in various combinations and permutations.
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Brief Description of the Drawings

[0015] In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:

FIG. 1A is a schematic plan view of one embodiment of a medical device in accordance
with the invention;

FIGS. 1B and 1C are schematic cross-sectional views of the proximal and distal portions
of the medical device of FIG. 1A;

FIG. 2A is a schematic plan view of a needle coupled to a suture for use in a suturing
instrument in accordance with the invention;

FIG. 2B is a schematic perspective view of a needle catch for use with the suturing
instrument of FIG. 1A,

FIG. 3 is a schematic view of a portion of an alternative actuator for use in a medical
device in accordance with the invention;

FIG. 4A is a partial schematic cross-sectional view of another embodiment of a medical
device in accordance with the invention;

FIG. 4B is a schematic plan view of the medical device of FIG. 4A bent into a more
efficient shape for a particular application; and

FIGS. 5A and 5B are schematic perspective views of an exemplary elongate member

bent into a first and a second shape, respectively.
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Description
[0016] Embodiments of the invention are described below. It is, however, expressly noted that
the invention is not limited to these embodiments, but rather the intention is that variations,
modifications, and equivalents are included.
[0017] In accordance with one illustrative embodiment of the invention, FIG. 1A depicts a
medical device 100 including an elongate member 104, a proximal portion 108, and a distal
portion 106. The elongate member 104 is capable of being bent into a shape and of retaining the
shape during use. The elongate member 104 enables a user to bend the device 100 into a shape
to suit a specific patient need or to efficiently orient the distal portion of the device 100 to reach
the location of use. The shape may include multiple bends, in multiple directions, as needed for
a particular application. The device 100 maintains the shape during use. Thereafter, the
elongate member 104 is capable of being bent into a second shape to suit another specific patient
need or to efficiently orient the distal portion of the device 100 to reach the location of another
use; the device 100 is further capable of maintaining the second shape during use. The elongate
member 104 is not limited to two shapes and can be repeatedly bent into essentially any number
of shapes, as necessary.
[0018] In the illustrative embodiment of FIG. 1A, the medical device 100 also includes an
adapter 114 (shown in FIG. 1C) and an actuator 110. The adapter 114 is disposed at the distal
portion of the elongate member 104 and is capable of coupling to a mechanism. The actuator is
at least partially disposed within the elongate member 104 and is capable of coupling to the
mechanism and actuating the mechanism. In the particular illustrative embodiment of FIG. 1A, |
the mechanism is a suturing head 109 and the medical device 100 is, therefore, a suturing
instrument. Accordingly, the medical device is used for suture placement. In other
embodiments, the mechanism may be an imaging device, a stapling device, a biopsy device, an

injection device, a cutting device, or a capturing device.
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[0019] The elongate member 104, in the depicted embodiment, is mechanically coupled to a
handle 102 at the proximal portion 108. The handle 102 may take a variety of forms in various
embodiments. For example, the handle 102 may be one of the types used with Boston Scientific
Corporation suturing systems, in particular the Capio® Push & Catch suturing system.

[0020] The adapter 114, in the depicted embodiment, mechanically couples the distal portion of
the elongate member 104 to head 109. The medical device 100 may be used with a variety of
heads to suit a particular application. Examples of different types of heads are found in U.S.
Patent Nos. 6,096,051 and 6,296,608, and U.S. Patent Application Serial Nos. 10/210,984 and
60/388,458, each of which is hereby incorporated by reference in its entirety. These types of
heads can include forceps, a snare, a pair of scissors, a knife, a suturing tool, a needle, or any
other mechanism, such as those previously described. Additionally, either the head 109 or the
adapter 114 may be articulable or rotatable relative to the elongate member 104. For example,
the adapter 114 and head may rotate about a longitudinal axis 190.

[0021] In the illustrative embodiment depicted in FIG. 1A, the actuator 110 extends
longitudinally through the elongate member 104 to the distal portion 106 of the suturing
instrument 100, where the actuator 110 is coupled to a needle carrier 124 (FIG. 1C) within the
head 109. The actuator 110 enables the needle carrier 124 to move a needle 128 (FIG. 2A)
between a retracted position and a deployed position. In the aspect of the invention depicted in
FIG. 1A, the needle carrier 124 is disposed within the head 109 extending from the adapter 114
disposed at the distal portion 106 of the elongate member 104. The actuator 110 and needle
carrier 124 are shown in detail in FIGS. 1B and 1C.

[0022] Referring to the illustrative embodiment of the invention depicted in FIG. 1B, the
proximal portion 108 of the medical device 100 includes the handle 102, the elongate member
104, and part of the actuator 110. A suture clip 144 may be coupled to the handle 102 or the

elongate member 104 to hold an end of one or more sutures prior to placement in a patient.
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[0023] In the illustrative embodiment depicted in FIG. 1B, the proximal portion of the actuator
110 includes a button 117 and a shaft 116 (together 112), a bearing 118, a hole 121, a button end
119, and a wireform 103. The bearing 118 rides along a surface 105 that is formed by the inside
of the elongate member 104. A wireform 103 is inserted into the hole 121, coupling it to the
actuator button 117. A spring 115 encircles the wireform 103, abuts the button end 119, and is
compressed between the button end 119 and a spring washer 113.

[0024] The distal portion of the actuator 110 depicted in FIG. 1B includes the spring washer 113,
a center tube 107, a pusher wire 111, and a guidance sleeve 109. The spring washer 113 is
seated upon the center tube 107. The center tube 107 is housed by the surface 105 and is
constrained in the distal portion 106 of the medical device 100. The pusher wire 111 is attached
to the wireform 103 by means of a weld, a crimp, a coupling, adhesive, or other means, and is
slidably disposed within the guidance sleeve 109, the sleeve 109 being disposed within a surface
123 formed by the inside diameter of the center tube 107. In one embodiment, the pusher wire
111 is constructed of a shape memory material, such as nitinol. Nitinol is a nickel-titanium
alloy. Preferably, the shape memory material is chosen for its combination of properties that
allow for bendability and high column strength when constrained.

[0025] Referring to the illustrative embodiment of the invention depicted in FIG. 1C, the distal
portion 106 of the medical device 100 of FIG. 1A includes the elongate member 104 and a
portion of the actuator 110 coupled to the mechanism, in the form of the head 109. The portion
of the actuator 110 depicted in FIG. 1C includes the pusher wire 111, a backstop washer 156, a
pocket 160 that includes a back wall 162, a coupling 150, a track 152, a downstop washer 158, a
pocket 164 that includes a wall 166, and a carrier wire 154. The pusher wire 111 of the actuator
110 is attached by welding or other means to the coupling 150, which is slidably disposed within
the track 152. The coupling 150 is attached to the carrier wire 154, which by virtue of its

attachment to the coupling 150 is also slidably disposed within the track 152. The carrier wire
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154 is mechanically coupled to the extendable needle carrier 124 by means of a weld, a coupling,
adhesives, or other means. The coupling 150 abuts the backstop washer 156 that is slidably
disposed about the pusher wire 111 and is contained within the pocket 160 that includes the back
wall 162, against which the backstop washer 156 rests. The track 152 terminates distally in the
pocket 164 that includes the wall 166. The downstop washer 158 is slidably disposed about the
carrier wire 154 and constrained within the pocket 164.

[0026] In some illustrative embodiments, such as depicted in FIG. 1C, the medical device 100
includes an adapter 114 that couples the distal portion of the elongate member 104 to a
mechanism (for example, the head 109 in FIG. 1C). In one embodiment, the adapter 114
includes an articulation device. The articulation device facilitates the rotation (in the directions
indicated by arrow 182) and positioning of the mechanism. The articulation device may, in
conjunction with the shape of the elongate member 104 established by the user, facilitate access
to deep and/or difficult to reach areas within the patient. The adapter 114 may also be fixed or
articulate with respect to the elongate member 104. The adapter 114 may also be a threaded
coupling, a clevis, or some other type of mechanical coupling device. Alternatively, the
instrument 100 may not include an adapter 114 for a mechanism, as illustrated in FIGS. 4A and
4B.

[0027] In the exemplary embodiment depicted in FIG. 1C, the mechanism is a suturing head
109. The head 109 defines an opening 120 through which the needle carrier 124 advances the
needle 128. The head 109 includes a curved portion 126, the needle carrier 124, and a needle
catch 122. The curved portion 126 defines a channel 178, which ends with the opening (or
needle exit port 120). The curved portion 126 also defines an opening 176 for receiving tissue.
The needle carrier 124 is disposed within the channel 178 in the curved portion 126. A distal
portion 180 of the needle carrier 124 defines a lumen 138 for holding the needle 128. The exact

structure and operation of the head 109 varies based on the type of head used.
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[0028] Referring to FIG. 2A, in one illustrative embodiment, the needle 128 includes a tip 130
and a shaft 134 coupled to the tip 130, thereby forming a shoulder 132. The shaft 134 is coupled
to a suture 136. The needle 128 is inserted into the lumen 138 and held by a slight friction fit.
The suture 136 extends out of the medical device 100.

[0029] In operation, a user (such as a physician or other medical personnel) first determines an
appropriate shape for the elongate member 104 to suit a specific patient need or to efficiently
orient the distal portion of the medical device to reach the location of use. The shape may
include bends in multiple directions and/or in multiple places. The user may bend the elongate
member into the desired shape with his hands. In various embodiments of the invention, no tool
is necessary to bend the elongate member 104. Alternatively, the user may use a fixture to create
the desired shape. The use of a fixture may enable the user to repeatedly duplicate a particular
shape. During use, the elongate member 104 retains the shape established by the user. The
elongate member 104 of the medical device 100 has enough column strength to withstand
operational forces without substantial distortion. The components of the actuator 110 are sized
and their materials are selected such that the actuator 110 will not bind when the elongate
member 104 is bent. An alternative actuator design is explained in detail with respect to FI1G. 3.
[0030] In the next step in the operation of the medical\device, the user positions the distal
portion of the device at the location of use and actuates the actuator. In the illustrative
embodiment of FIGS. 1A, 1B, and 1C, the medical device 100 is a suturing instrument, the distal
portion of which is placed at the suturing location and actuated. Referring again to FIGS. 1B and
1C, actuation is accomplished by pushing on the button 117, which is attached to the pusher wire
111 via the wireform 103. The pusher wire 111 moves the coupling 150 along the track 152
concomitantly moving the carrier wire 154, which slidably moves the needle carrier 124 through
the needle exit port 120. The user continues to push the button 117 until the needle 128 enters

the needle catch 122. The needle catch 122, as shown in FIG. 2B, includes openings 170 defined
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by successive ribs 172. The needle catch 122 receives the needle 128 (coupled to the suture 136)
through opening 170, the ribs 172 deflect slightly to allow the needle 128 to pass through. After
the formed shoulder 132 has passed the ribs 172, the ribs 172 spring back to their original
position defining the openings 170, and the needle 128 remains captured in the needle catch 122.
The needle 128 and the needle catch 122 shown are merely one possible type and other designs
may be chosen.

[0031] Still describing the operation of an exemplary suturing insfrument with respect to FIGS.
1B and 1C, when the user releases the button 117, the spring 115 urges the button 117
proximally, moving the pusher wire 111, the coupling 150, the carrier wire 154, and the needle
carrier 124 proximally along with the button 117 to the retracted position. As the needle carrier
124 moves back to the retracted position, the needle 128 slides out of the lumen 138. The
openings 170 (shown in FIG. 2B) are chosen to be smaller in dimension than the formed
shoulder 132 (shown in FIG. 2A). This causes the needle catch 122 (shown in F1G. 1C and FIG.
2B) to retain the needle 128, because the flat rear surface of the shoulder 132 prevents the needle
128 from passing back through the opening 170. When it is necessary to remove the needle 128
from the needle catch 122, the needle 128 may be moved toward an enlarged portion 174 (shown
in FIG. 2B) of opening 170. The enlarged portion 174 is sized to allow the formed shoulder 132
to pass through without resistance. The needle catch 122 may be constructed of thin stainless
steel of high temper, such as ANSI 301 full hard. The needle catch 122 may be fabricated by
way of stamping, laser machining, or chemical etching.

[0032] Preferably, the component materials of the medical device are biocompatible. For
example, components of the medical device, such as the handle 102 and portions of the actuator
110, may be fabricated from extruded, molded, or machined plastic material(s), such as
polypropylene, polycarbonate, or glass-filled polycarbonate. Other components, for example,

such as the mechanism, may be made of stainless steel. Other suitable materials will be apparent
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to those skilled in the art. Preferably, in embodiments in which the medical device is a\suturing
instrument, the material(s) used to form the suture are also biocompatible. The user selects the
length, diameter, and characteristics of the suture to suit a particular application.

[0033] Additionally, mechanical components and operation such as those disclosed in U.S.
Patent Nos. 5,364,408 and 6,048,351, each of which is incorporated by reference herein in its
entirety, may be employed with features of the invention.

[0034] FIG. 3 is a schematic view of a portion of an alternative actuator for use with a medical
device in accordance with the invention, such as that shown in FIG. 4A. The actuator 310
includes a wireform 303 with a contact form 333 at its proximal end, a spring 315, a spring tube
305, and a center tube 307. In one embodiment, the wireform 303 is constructed of stainless
steel. In another embodiment, the wireform 303 is constructed of nitinol. The contact form 333,
which is a Z form of the wireform 303 in some embodiments, is mechanically coupled to a shaft
(not shown, but similar to the shaft 116 in FIG. 1B). The wireform 303 extends longitudinally |
through the spring tube 305 and the center tube 307 and out of the distal end 317 of the center
tube 307. The spring tube 305 extends longitudinally through the spring 315 and into the
proximal end 327 of the center tube 307. Preferably, in comparison to the spring 315, the center
tube 307 has a thick wall. In one embodiment, the thick wall of the center tube 307 prevents the
spring 315 from entering the center tube 307. In another embodiment, the fact that the center
tube 307 has an inner diameter that is smaller than the outer diameter of the spring 315 prevents
the spring 317 from entering the center tube 307. In some embodiments of the invention that
incorporate the actuator depicted in FIG. 3, the wireform 303 is attached to a pusher wire (not
shown, but similar to the pusher wire 111 in FIGS. 1B and 1C) by means of a weld, a crimp, a
coupling, adhesive or other means. In such embodiments, the actuator may further include a
washer 360 to prevent the attachment from entering the distal end 317 of the center tube 307. In

some embodiments in which the medical device is a suturing instrument, the pusher wire 311 is
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mechanically coupled to an extendable needle carrier (not shown, but similar to the needle
carrier 124 of FIG. 1C). In other embodiments in which the medical device is a suturing
instrument, the wireform 303 is directly mechanically coupled to the extendable needle carrier.
[0035] In response to the contact form 333 being pressed, for example, by a button (not shown,
but similar to the button 117 of FIG. 1B), the spring 315 compresses against the proximal end
327 of the center tube 307 and the distal end of the spring tube 305 travels within the center tube
307 toward the distal end 317 of the center tube 307. The distance of travel, in one illustrative
embodiment, is about 0.5 inch to about 1.0 inch. The deflection of the wireform 303 is limited
by the spring 315, the spring tube 305, and the center tube 307, as it travels toward the distal end
317 of the center tube 307. The wireform 303 in some embodiments, or the pusher wire in other
embodiments, actuates the mechanism relative to the elongate member. For example, in some
embodiments of the medical device as a suturing instrument, such as described with respect to
FIGS. 1B and 1C, the wireform 303 advances a needle via the needle carrier to the needle catch.
[0036] The components of the actuator 310 are sized and their materials are selected such that
the actuator 310 will not bind when the elongate member (not shown, but similar to the elongate
member 104 of FIGS. 1B and 1C) is bent. The center tube 307, the spring tube 305, the spring
315, and the wireform 303 are flexible components. When the elongate member is bent, the
components inside bend with it. The outer diameter of the center tube 307 is preferred to be
close to the inner diameter of the elongate member to prevent kinking. In some embodiments,
the bent elongate member holds the center tube 307 stationary. In some embodiments, the
clearance between the center tube 307 and the spring tube 305 is ample to allow the spring tube
305 to travel even when the center tube 307 is bent. The outer diameter of the spring 315, in
some embodiments, is much smaller than the inner diameter of the elongate member 304 thereby

allowing the spring 315 to move when the elongate member 304 is bent. The spring 315 is also
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located in a position within the elongate member where the elongate member is less likely to be
bent.

[0037] In accordance with another illustrative aspect of the invention, FIG. 4A depicts a medical
device 400 including an elongate member 404, a mechanism, and an actuator 410. In the
particular illustrative embodiment of FIG. 4A, the medical device 400 is a suturing instrument
and the mechanism is a needle carrier 424. The elongate member 404 includes a distal portion
406. In the specific embodiment depicted in FIG. 4A, the elongate member 404 also defines an
opening 420. Like the elongate member 104 depicted in FIG. 1A, the elongate member 404
depicted in FIG. 4A is capable of being bent into a shape and of retaining the shape during use.
The mechanism is disposed at the distal portion 406 of the elongate member 404. The needle
carrier mechanism 424, in particular, is designed to hold a needle 428. The actuator 410 is at
least partially disposed within the elongate member 404 and coupled to the mechanism for
actuating the mechanism relative to the elongate member 404. In the specific embodiment
depiéted in FIG. 4A, the actuator 410 is coupled to the needle carrier mechanism 424 for
advancing the needle 428 out of the opening 420.

[0038] FIG. 4B is a view of the medical device 400 of FIG. 4A bent into a shape for a particular
application. The needle 428 in FIG. 4B is partially advanced out of the opening 420 by the
needle carrier mechanism 424. The shape of the elongate member 404 in FIG. 4B features a first
bend 450 and a second bend 470. Although the first bend 450 and the second bend 470 are both
smooth, shallow curves, the first bend 450 is sharper than the second bend 470. A section 460,
between the first bend 450 and the second bend 470, is generally straight. As shown in FIG. 4B,
the outer surface of the distal portion 406 of the elongate member 404 has been scored in a spiral
pattern. The scoring may be done to increase the bendability of the distal portion 406 of the

elongate member 404.
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[0039] FIGS. 5A and 5B depict an elongate member 504, such as described with respect to
FIGS. 1A-1C and FIGS. 4A-4B, bent into a first shape 550 and a second shape 570. The
elongate member depicted in FIGS. 5A and 5B is generally tubular and has a proximal end 508
and a distal end 506. The first shape 550 includes a first bend 552, a second bend 554, and a
third bend 556. The first bend 552 forms an obtuse angle in the elongate member 504. The first
bend 552 is also sharper than the second bend 554, which is sharper. than the third bend 556. The
third bend 556 may best be described as a gentle curve. The first bend 552, second bend 554,
and third bend 556 are all coplanar. The second shape 570 includes a first bend 572, a second
bend 574, and a third bend 576. The second bend 574 is sharper than the first bend 572, which is
sharper than the third bend 576. The second bend 574 forms an angle less than 90° in the
elongate member 504. Each bend 572, 574, 576 in the second shape 570 has a completely
different orientation than the other bends. The proximal portion 508 of the elongate member 504
in the second shape 570 is coplanar with a section 510 of the elongate member 504 between the
first bend 572 and the second bend 574. However, a section 512 of the elongate member 504
betwe‘?n the second bend 574 and the third bend 576 does not fall within the same plane as the
proximal portion 508, because the second bend 574 is rotated out of the plane of the first bend
572. Similarly, a section 514 of the elongate member 504 on the opposite side of the third bend
576 with respect to section 512 does not fall within the same plane as section 510 because the
third bend 576 is rotated out of the plane of the second bend 574. |

[0040] Portions of the elongate member 504 may remain straight for a particular use. For
example, the proximal end of the elongate member 504 may remain unbent for a particular use as
depicted in FIGS. 5A and 5B. In fact, the elongate member 504 need not be bent at all for a
particular application. When the elongate member 504 is bent for a particular application, it
need not been bent in the same location or locations that it has previously been bent. The

elongate member 504 may have more or less than three bends for a particular application.
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Further, all bends may be similarly oriented for a particular application. For example, a user
may want the elongate member to be shaped into an arc.

[0041] In various embodiments of the foregoing aspects of the invention, the elongate member
504 depicted in FIGS. 5A and 5B may have a variable stiffness along its length. The proximal
end 508 may be stiffer than the distal end 506 of the elongate member 504, because it is more
likely that the distal end 506 will require bending. The diameter of the elongate member 504
may vary along its longitudinal axis. Having a smaller diameter at, at least one point along the
longitudinal axis of the elongate member 504 may allow the elongate member 504 to bend more
easily at that point. The elongate member 504 may have a smaller diameter at its distal end 506
than at its proximal end 508. The smaller diameter at the distal end 506 of the elongate member
504 may allow the elongate member 504 to be used in smaller openings in the human body. In
various embodiments of the foregoing aspects of the invention, the elongate member 504 may
have a non-uniform wall-thickness. The non-uniform wall-thickness, in some embodiments, is
achieved by material selection. The wall thickness, in other embodiments, is thinned at various
locations along the length of the elongate member 504 to make the elongate member 504 easier
to bend where the wall is thinner. The non-uniform wall thickness may be at least partially due
to etching. The non-uniform wall-thickness may be at least partially due to scoring. Etching or
scoring may be done in lines parallel or transverse to the longitudinal axis of the elongate
member 504, in a spiral pattern, or in another pattern. The inner surface of the elongate member
504, the outer surface of the elongate member 504, or both surfaces may be etched or scored.
Spiral scoring, for example, may allow the elongate member 504 to bend more easily without
kinking. Other means of and approaches to modifying wall thickness will be obvious to those of
skill in the art.

[0042] In various embodiments of the invention, the elongate member 504 depicted in FIGS. 5A

and 5B may have a variety of surface characteristics. For example, one embodiment of the
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elongate member 504 has an entirely smooth outer surface. Another embodiment may have an
outer surface that is at least partly rough. Scoring or etching the surface of the elongate member
504 may, for example, cause the roughness. Roughness may be undesirable due to the
possibility of interaction with human tissue during use or due to a greater difficulty in cleaning
\the instrument. Roughness on the outer surface of the elongate member 504 may be avoided,
where necessary, by thinning the wall thickness from the inner surface of the elongate member
504. Alternatively, covering at least some of the rough surface areas with a smooth material may
alleviate any potential problems due to roughness on the outer surface of the elongate member
504.

[0043] An elongate member 504, such as those depicted in FIGS. 5A and 5B and used in
medical devices exemplified by FIGS. 1A-1C and FIGS. 4A-4B, can have essentially any cross-
sectional shape. Such cross-sectional shapes include polygonal, arcuate, or combinations of
polygonal and arcuate elements. In the present application, the term polygonal is used to denote
any shape including at least two line segments, such as rectangles, trapezoids, and triangles.
Examples of arcuate shapes include circular and elliptical. FIGS. 5A and 5B specifically depict
an elongate member 504 with a circular cross-section and generally cylindrical shape according
to one embodiment of the invention. The elongate member 504 may, for example, have a tubular
shape.

[0044] In various embodiments of the foregoing aspects of the invention, the elongate member is
made of metals, alloys, or plastics or a combination thereof. Metals that can be used to form the
elongate member include: nickel, copper, stainless steel, cobalt, vanadium, chromium, iron, and
superelastic metallic alloys. Plastics that can be used to form the elongate member include
synthetic plastics, polyurethanes, polyester elastomers, and nylons. In embodiments in which the
elongate member itself is not necessarily made of a biocompatible material, the external surface

of the elongate member may be at least partially covered with a biocompatible material. In
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embodiments with a particularly long elongate member, for example, the proximal portion of the
elongate member is made of or covered with a biocompatible material. The entire external
surface of the elongate member of other embodiments may be made of or covered with a
biocompatible material. The biocompatible material may be stainless steel, polyvinyl chloride,
polytetraflouroethylene, expanded polytetraflouroethylene, ethylene-tetrafluoroethylene,
silicone, or other suitable material. In some embodiments, the external surface of the elongate
member is at least partly plated or spray coated with a biocompatible material. In other
embodiments, other techniques, such as heat-shrinking, are used to apply the biocomp%itible
material. Other materials and application techniques can be used.

[0045] The elongate member 504 described above can be combined with a variety of actuators
and mechanisms to form a variety of medical devices. Such medical devices include, but are not
limited to, imaging devices, stapling devices, biopsy devices, injection devices, cutting devices,
and capturing devices, as used in endoscopic procedures.

[0046] Other embodiments incorporating the concepts disclosed herein are within the spirit and
scope of the invention. The described embodiments are to be considered in all respects as only

illustrative and not restrictive.
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What is claimed is:
1. A medical device comprising:

an elongate member capable of being bent into a shape by a user and of retaining the
shape during use;

a mechanism disposed at a distal portion of the elongate member; and

an actuator at least partially disposed within the elongate member and coupled to the
mechanism for actuating the mechanism relative to the elongate member.
2. The medical device of claim 1, wherein the mechanism is selected from a group
consisting of an imaging device, stapling device, biopsy device, injection device, cutting device
and capturing device.
3. The medical device of claim 1, wherein the medical device comprises a suturing
instrument, the mechanism comprises a needle carrier for holding a needle, and the actuator
advances the needle carrier.
4. The suturing instrument of claim 3 further comprising a needle catch disposed proximate

the distal portion of the elongate member and including at least one opening for receiving the

needle.

5. The medical device of claim 1, wherein the elongate member has a variable stiffness
along its length.

6. The medical device of claim 1, wherein the elongate member comprises a tube.

7. The medical device of claim 6, wherein the tube comprises a non-uniform wall-thickness.
8. The medical device of claim 7, wherein the tube is at least partially spiral cut.

9. The medical device of claim 1, wherein the elongate member comprises a material

selected from the group consisting of metals, alloys, and plastics.
10. The medical device of claim 9, wherein the metal is selected from nickel, copper,

stainless steel, cobalt, vanadium, chromium, iron, and superelastic metallic alloys.
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11.  The medical device of claim 9, wherein the plastics are selected from synthetic plastics,
polyurethanes, polyester elastomers, and nylons.
12.  The medical device of claim 1, wherein an external surface of the elongate member is at
least partially covered with a biocompatible material.
13.  The medical device of claim 1, wherein the elongate member is capable of being bent
into a second shape by the user and of retaining the second shape during use.
14.  The medical device of claim 1, wherein the elongate member is capable of being bent
into a shape that includes one or more bends.
15. The elongate member of claim 1, wherein the elongate member is capable of bending in
one or more directions.
16. A medical device comprising:

an elongate member capable of being bent into a shape by a user and of retaining the
shape during use;

an adapter disposed at a distal portion of the elongate member for coupling to a
mechanism; and

an actuator at least partially disposed within the elongate member and capable of
coupling to the mechanism and actuating the mechanism.
17.  The medical device of claim 16, wherein the medical device comprises a suturing
instrument, the mechanism comprises a suturing head extending from the adapter, the suturing
head defining an opening and having a needle carrier disposed within the suturing head for
holding a needle, and wherein the actuator is coupled to the needle carrier to advance the needle
carrier out of the opening.
18.  The medical device of claim 17, wherein the suturing head further comprises a needle

catch including at least one opening for receiving the needle.
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19.  The medical device of claim 16, wherein the adapter is adjustable relative to the elongate
member.
éO. The medical device of claim 16, wherein the elongate member has a variable stiffness
along its length.
21.  The medical device of claim 16, wherein the elongate member comprises a tube.
22.  The medical device of claim 21, wherein the tube comprises a non-uniform wall-
thickness.
23.  The medical device of claim 16, wherein the elongate member comprises a material
selected from the group consisting of metals, alloys, and plastics.
24. The medical device of claim 23, wherein the metal is selected from nickel, copper,
stainless steel, cobalt, vanadium, chromium, iron, and superelastic metallic alloys.
25.  The medical device of claim 23, wherein the plastics are selected from synthetic plastics,
polyurethanes, polyester elastomers, and nylons.
26.  The medical device of claim 16, wherein an external surface of the elongate member is at
least partially covered with a biocompatible material.
27.  The medical device of claim 16, wherein the elongate member is capable of being bent
into a shape that includes one or more bends.
28.  The elongate member of claim 16, wherein the elongate member is capable of bending in
one or more directions.
29. A suturing instrument, comprising:

an elongate member capable of being bent into a shape by a user and of retaining the
shape during use;

a head extendiﬂg from a distal portion of the elongate member;

a needle carrier disposed within the head; and
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an actuator at least paftially disposed within the elongate member and coupled to the
needle carrier for advancing the needle carrier out of the head.
30.  The suturing instrument of claim 29, wherein the head defines an opening, the needle
carrier holds a needle, and the actuator advances the needle carrier out of the opening.
31.  The medical device of claim 30, wherein the head further comprises a needle catch
including at least one opening for receiving the needle.
32.  The suturing instrument of claim 29, wherein the head is rotatable about a longitudinal
axis of the elongate member.
33.  The suturing instrument of claim 29, wherein the head is articulatable with respect to the
distal portion of the elongate member.
34.  The suturing instrument of claim 29, wherein the elongate member has a variable

stiffness along its length.

35.  The suturing instrument of claim 29, wherein the elongate member comprises a tube.
36.  The suturing instrument of claim 35, wherein the tube comprises a non-uniform wall-
thickness.

37.  The suturing instrument of claim 29, wherein the elongate member comprises a material
selected from the group consisting of metals, alloys, and plastics.

38.  The suturing instrument of claim 37, wherein the metal is selected from nickel, copper,
stainless steel, cobalt, vanadium, chromium, iron, and superelastic metallic alloys.

39.  The suturing instrument of claim 37, wherein the plastics are selected from synthetic
plastics, polyurethanes, polyester elastomers, and nylons.

40.  The suturing instrument of claim 29, wherein an external surface of the elongate member
is at least partially covered with a biocompatible material.

41.  The suturing instrument of claim 29, wherein the elongate member is capable of being

bent into a shape that includes one or more bends.
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1 42,  The suturing instrument of claim 29, wherein the elongate member is capable of bending

2 in one or more directions.



PCT/US2004/006557

WO 2004/080313

1/7

Vi Ol

ocl

vo/r \

ai'old

vl

«

oLt




PCT/US2004/006557

WO 2004/080313

2/7

dl 9ld

oLl

LLL

oLl

\<



PCT/US2004/006557

WO 2004/080313

Il DOl

601 8Ll 091
29l ¥0l

1\

c8l 9sL L o1

3/7

//oo_‘



WO 2004/080313 PCT/US2004/006557
4/7

122

172
170

—— 174

128
J-{l——130
e 134

132




WO 2004/080313 PCT/US2004/006557
5/7

FIG. 3



WO 2004/080313

400

404

410—

406

424
420—7

428

FIG. 4A

6/7

400

450

PCT/US2004/006557

FIG. 4B

470



WO 2004/080313 PCT/US2004/006557
717

550\ 570\

508 ~, 504 908

504\

574

514

FIG. 5A FIG. 5B



International Application No

INTERNATIONAL SEARCH REPORT | pcT/Us2004/006557

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 A61B17/04 A61B1/005

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

claim 5
figures

cotumn 3, line 21 - 1ine 34
column 7, line 52 - column 8, line 34

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant o claim No.
X US 6 096 051 A (MCBRAYER MICHAEL SEAN ET 1-4,
AL) 1 August 2000 (2000-08-01) 6-19,
cited in the application 21-33,
35-42
Y 20,34

-

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

“E* earlier document but published on or afterthe international
filing date
* document which may throw doubts on priority claim(s) or
which Is cited fo establish the publication date of another
citation or other special reason (as specified)
*Q* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

-

'T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

'X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu~
[n?lr]lts, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

10 August 2004

Date of mailing of the international search report

20/08/2004

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

Authorized officer

Nistor, L

Form PCT/SA/210 {second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

Internationai Application No

PCT/US2004/006557
C.(Continuation) DOCUMENTS CONSIDERED TQ BE RELEVANT
Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 174 280 B1 (FUJIMOTO ISAO ET AL) 1,2,5~15
16 January 2001 (2001-01-16)
Y 20,34
column 2, 1ine 57 — column 3, Tine 31
column 4, line 26 — column 5, Tine 22
column 7, line 24 - column 8, line 22
figures
X US 2002/045908 A1 (BROSCH BENJAMIN G ET 1-4,
AL) 18 April 2002 (2002-04-18) 6-19,
21-33,
35-42
paragraph ‘0354! - paragraph ‘0356!
figures 85-88
X US 6 280 460 B1 (BOLDUC LEE R ET AL) 1-3,
28 August 2001 (2001-08-28) 6-17,
21-30,
35-42
column 2, 1ine 46 - column 19, line 46
column 27, 1ine 46 - column 28, line 11
figures 1-12,38
X US 6 161 543 A (COX JAMES L ET AL) 1,2,5-15
19 December 2000 (2000-12-19)
column 8, Tine 47 - line 61
column 2, line 13 - Tine 49
figures 4,6
X US 2003/009177 Al (PYKA WALTER R ET AL) 1,2,5-15
9 January 2003 (2003-01-092)
paragraph ‘0353! - paragraph ‘0442!
figures 7-1,7-2,7-3,7-4,7-5,7-6
figures 7,8,7-9,7-10,7-11,7-12
A US 5 700 272 A (COOPER ROBERT P ET AL) 1-42
23 December 1997 (1997-12-23)
the whole document
A US 6 048 351 A (COOPER ROBERT P ET AL) 1-42
11 April 2000 (2000-04-11)
cited in the application
the whole document

Form PCT/ISA/210 (continuation of second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International Application No

PCT/US2004/006557
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6096051 A 01-08-2000 US 2004002720 Al 01-01-2004
us 6551329 Bl 22-04-2003
US 2001049537 Al 06-12-2001
AU 744956 B2 07-03-2002
AU 3194299 A 11-10-1999
CA 2323540 Al 13-09-1999
EP 1067872 A2 17-01-2001
JP 2002506667 T 05-03-2002
WO 9947050 A2 23~09-1999
US 6174280 Bl 16-01-2001 AU 1824900 A 05-06-2000
Wo 0028883 Al 25-05-2000
US 2002045908 Al 18-04-2002 US 6245079 Bl 12-06-2001
us 6117144 A 12-09-2000
us 5860990 A 19-01~1999
Us 2004006352 Al 08-01-2004
AU 4918501 A 24-09-2001
WO 0167963 Az 20-09-2001
US 2004092966 Al 13~-05~2004
US 2001031973 Al 18-10~2001
AU 2973199 A 27-09-1999
CA 2323084 Al 16-09-199°
CN 1292665 T 25-04-2001
EP 0941698 Al 15-09-1999
JP 2001524864 T 04-12-2001
WO 9945848 Al 16-09~-1999
AU 6858896 A 19-03-1997
WO 9707745 Al 06-03-1997
US 6280460 Bl 28-08-2001 AU 766040 B2 09-10-2003
AU 2767799 A 30-08-19299
CA 2320984 Al 19-08-199¢
EP 1054630 Al 29-11-2000
JP 2002502658 T 29-01-2002
Wo 9940851 Al 19-08-1999
US 2003176878 Al 18-09-2003
Us 2001021856 Al 13-09-2001
US 6161543 A 19-12~-2000 US 5797960 A 25-08-1998
us 5571215 A 05-11-1996
us 5452733 A 26-09-1995
AU 5003197 A 15-05-1998
EP 0991362 Al 12-04-2000
US 2002042610 Al 11-04-2002
US 2002087157 Al 04-07-2002
US 2002045895 Al 18-04-2002
US 2002042611 Al 11-04-2002
US 2003069574 Al 10-04-2003
US 2002128639 Al 12-09-2002
US 2002068970 Al 06-06-2002
US 2002173784 Al 21-11-2002
Wo 9817187 Al 30-04-1998
us 6237605 Bl 29-05-2001
US 2003028187 Al 06-02-2003
US 2003024537 Al 06-02-2003
Us 2004106918 Al 03-06-2004
US 2003029462 Al 13-02-2003

Form PCT/ISA/210 (patent family annex) {(January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

Internationai application No

PCT/US2004/006557
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6161543 A US 2003079753 Al 01-05-2003
US 2003069577 Al 10-04-2003
US 2003073992 Al 17-04-2003
US 2003078571 Al 24-04-2003
US 2004054363 Al 18-03-2004
us 6311692 Bl 06-11-2001
us 6314962 Bl 13-11-2001
us 6484727 Bl 26-11-2002
us 6474340 Bl 05-11-2002
us 6314963 Bl 13-11-2001
us 6645202 Bl 11-11-2003
US 2002072741 Al 13-06-2002
US 2002017306 Al 14-02-2002
AU 5308996 A 07-11-1996
CA 2218545 Al 24-10-1996
EP 0822777 Al 11-02-1998
JP 11503646 T 30-03~1999
Wo 9632882 Al 24-10-1996
US 2002096183 Al 25-07-2002
Us 2002100485 Al 01-08-2002
us 6401720 B1 11-06-2002
US 2003225402 Al 04-12-2003
US 2004019348 Al 29-01-2004
us 6079414 A 27-06-2000
us 5855614 A 05-01-199¢2
Us 5823956 A 20-10-1998
us 5829447 A 03-11-1998
us 6346074 B1 12-02-2002
US 2004117032 Al 17-06-2004
US 2002026094 Al 28-02-2002
us 5924424 A 20-07-1999

us 2003009177 Al 09-01-2003 US 6447523 Bl 10-09-2002
us 6004330 A 21-12-1999
us 5486183 A 23-01-1296
us 5720754 A 24-02-1998
us 5632746 A 27-05-1997
AT 131370 T 15-12-1995
CA 2064830 Al 17-02-1991
DE 69024219 D1 25-01-1996
DE 69024219 T2 07-11-1996
EP 0487645 Al 03-06-1992
JP 4507363 T 24-12-1992
JP 2002137187 A 14-05-2002
JP 2004130102 A 30-04-2004
us 5749879 A 12-05-1998
Wo 9102493 Al 07-03-1991
us 5820628 A 13-10-1998
Us 5904690 A 18-05-1999
us 5601572 A 11-02-1997
Us 5509923 A 23-04-1996
AT 197906 T 15-12-2000
AU 664358 B2 16-11-1995
AU 8918191 A 28-04-1992
CA 2093821 Al 10-04-1992
DE 69132488 D1 11-01-2001
DE 69132488 T2 05-04-2001
EP 1027906 A2 16-08-2000

Form PCT/ISA/210 (patent family annex) (January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International Application No

PCT/US2004/006557
Patent document Publication Patent family Publication
cited in search report date member(s) date
Us 2003009177 Al EP 1277442 A2 22-01-2003
EP 0554361 Al 11-08-1993
JP 3256540 B2 12-02-2002
JP 6502354 T 17-03-1994
WO 9205828 Al 16-04-1992
US 5700272 A 23-12-1997 US 5458609 A 17-10-1995
us 5364408 A 15-11-1994
AU 673692 B2 21-11-1996
AU 5017893 A 29-03-1994
CA 2142965 Al 17-03-1994
DE 69333383 D1 19-02-2004
EP 0738127 Al 23-10-1996
JpP 3380552 B2 24-02-2003
JP 8501005 T 06-02-1996
JP 2003093394 A 02-04-2003
Us 6048351 A 11-04-2000
Wo 9405213 Al 17-03-1994
us 5540704 A 30-07-1996
us 5578044 A 26-11-1996
us 6346111 Bl 12-02-2002
us 5662664 A 02-09-1997
us 5713910 A 03-02-1998
US 2004059350 Al 25-03-2004
us 5741277 A 21-04-1298
us 5741279 A 21-04-1998
US 2001023352 Al 20-09-2001
us 5575800 A 19-11-1996
US 6048351 A 11-04-2000 US 5713910 A 03-02-1998
us 5578044 A 26-11-1996
us 55406704 A 30-07-1996
us 5453609 A 17-10-1995
us 5364408 A 15-11-19294
us 6346111 B1 12-02-2002
US 2004059350 Al 25-03-2004
US 2001023352 Al 20-09-2001
AU 3512995 A 19-04-1996
WO 9609796 A2 04-04-1996
us 5741279 A 21-04-1998
AU 695389 B2 13-08-1998
AU 1343895 A 07-09-1995
CA 2143012 Al 03-09-1995
DE 69524130 D1 10-01-2002
DE 69524130 T2 25-07-2002
EP 0674875 Al 04-10-1995
ES 2169106 T3 01-07-2002
JpP 3377877 B2 17-02-2003
JP 8033635 A 06-02-1996
us 5741277 A 21-04-1998
AU 673692 B2 21-11-1996
AU 5017893 A 29-03-1994
CA 2142965 Al 17-03-1994
DE 69333383 D1 19-02~2004
EP 0738127 Al 23-10-1996
JP 3380552 B2 24~02-2003
JP 8501005 T 06-02-1996
JP 2003093394 A 02-04-2003

Form PCT/ISA/210 (paient family annex) (January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International Application No

PCT/US2004/006557
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6048351 A Wo 9405213 Al 17-03-1994
us 5662664 A 02-09-1997
us 5700272 A 23-12-1997
us 5575800 A 19-11-1996

Form PCT/ISA/210 {patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

