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24\[

22—

—
7

the medical device, and a die room puller (40) which is used to draw
the medical device through the die. The die (20) includes a bell-shaped
lead-in (22) on a front side (24) of the die (20) and a bell-shaped lead-in
(23) on a back side (25) of the die allowing for reversal of the direction
of the draw. The method of manufacturing includes heat treating a large
diameter medical device, drawing the large diameter device through a
die (20) and reversing the draw of the medical device through the die
to provide a medical device having a varying diameter along a length
of the device. The method is repeated until a final diameter is reached.
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APPARATUS AND METHOD FOR MANUFACTURING SMALL DIAMETER
MEDICAL DEVICES

FIELD OF THE INVENTION

The present invention relates generally to the manufacture of small diameter medical
devices. More particularly, the present invention is an apparatus and method for manufacturing
small diameter ultrasonic probes capable of vibrating in a transverse mode that can be used in

ultrasonic medical devices for tissue ablation.
BACKGROUND OF THE INVENTION

Ultrasonic probes are devices which use ultrasonic energy to fragment body tissue or
debris (see, e.g., U.S. Patent No. 5,112,300; U.S. Patent No. 5,180,363; U.S. Patent No.
4,989,583; U.S. Patent No. 4,931,047; U.S. Patent No. 4,922,902; and U.S. Patent No.
3,é05,787) and have been used in many surgical procedures. The ultrasonic energy produced by
an ultrasonic probe is in the form of very intense, high frequency sound vibrations that result in
powerful chemical and physical reactions in the water molecules within a body tissue or
surrounding fluids in proximity to the probe. These reactions ultimately result in a process
called "cavitation," which can be thought of as a form of cold (i.e., non-thermal) boiling of the
water in the body tissue, such that microscopic bubbles are rapidly created and destroyed in the
water creating cavities in their wake. As surrounding water molecules rush in to fill the cavity
created by collapsed bubbles, they collide with each other with great force. Cavitation results in
shock waves running dutward from the collapsed bubbles which can wear away or destroy
material such as surrounding tissue or debris in the vicinity of the ultrasonic probe. Medical
applications for ultrasonic probes include, for example, treatment of cancer, tissue remodeling,

liposuction, tissue biopsy, and removal of vascular occlusions.
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A drawback of existing ultrasonic medical probes is that they typically remove tissue

slowly in comparison to instruments that excise tissue by mechanical cutting, electrocautery, or
cryoexcision methods. Part of the reason for the slow removal of tissue is that most existing
ultrasonic devices rely on a longitudinal vibration of the tip of the probe for their tissue-
disrupting effects. Because the tip of the probe is vibrated in a direction in line with the
longitudinal axis of the probe, a tissue-destroying effect is only generated at the tip of the probe.
The concentration of energy at the probe tip results in the generation of heat at the probe tip,
which can create tissue necrosis, thereby complicating the surgical procedure and potentially

compromising the recovery of the patient.

Complications such as these may be avoided by an ultrasonic device which includes an
ultrasonic probe whose vibrations are restricted to occur exclusively in a transverse direction to
the probe axis (perpendicular). By eliminating the axial motion of the probe and allowing
transverse vibrations only, fragmentation of large areas of tissue spanning the entire length of the
probe is possible due to generation of multiple cavitational nodes along the probe length
perpendicular to the probe axis. Since substantially larger affected areas within an occluded
blood vessel, organ, graft or port can be denuded of the occluding tissue or debris in a short time,
actual treatment time using the transverse mode ultrasonic medical device is greatly reduced as
compared to methods using probes that primarily utilize longitudinal vibration (along probe axis)
for tissue or debris ablation. Another advantage to ultrasonic devices which operate in a
transverse mode is their ability to rapidly remove tissue or debris from large areas within
cylindrical or tubular surfaces which is not possible by devices that rely on the longitudinal

vibrating probe tip for effecting tissue fragmentation.

Ultrasonic probes currently known in the art are generally made by a process of

machining to achieve a diameter of approximately 0.020 inches, or greater, at the functional end
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of the probe. Dies are commonly known in the art and are used in the machining process (see,

e.g., U.S. Patent No. 5,840,151; U.S. Patent No. 5,325,698; U.S. Patent No. 5,261,805; and U.S.
Patent No. 6,062,059). Although it is possible to induce transverse vibrations at an ultrasonic
probe diameter of 0.020 inches (see, e.g., U.S. Patent No. 5,303,083; U.S. Patent No. 5,058,570;
U.S. Patent No. 5,469,853; and U.S. Patent No. 5,421,338), probe diameters less than 0.020
inches are crucial for the generation of sufficient cavitational energy via transverse vibration
needed for the treatment of tissue. Since probes vibrating exclusively in a transverse mode must
rely almost entirely on generation of sufficient cavitational energy to cause tissue ablation, the
diameter of the distal segment of the probe and the probe tip have to be smaller than
conventional prior art probes that are only capable of longitudinal vibration. The manufacturing
methods for conventional, longitudinally vibrating ultrasonic probes disclosed in the art typically
involve machining techniques to obtain probe diameters typiéally greater than 0.020 inches.
Further reduction in probe diameter by such prior art methods is not attainable since the material

making up the probe is highly susceptible to fracture.

Prior art attempts to manufacture ultrasonic probes having a small diameter have been
less than successful. U;S. Patent No. 5,527,273 to Manna et al. discloses a method of machining
to achieve a diameter of 0.020 inches, or greater, at the distal end of the device. The Manna et al.
process results in a probe having limited flexibility and the probe is not capable of producing
significant cavitational energy via transverse vibrations. In addition, Manna et al. discloses
manufacturing a small diameter device comprising providing a first section, a second section of
different diameter, and a means to connect the first section to the second section. Although the
small diameter of the distal end of the Manna et al. device allows for generation of cavitational
energy, connecting a first section to a second section presents a high likelihood of fracture and an
inefficient method of manufacturing the device. Thus, a need exists in the art for an ultrasonic

probe having varying diameters that can be manufactured from a single metal stock.
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U.S. Patent No. 5,993,408 to Zaleski discloses a small diameter needle for cutting tissue
at a distal end of the device. The Zaleski device, a thin tip phaco needle, comprises a body
having a longitudinal bore for enabling passage of cut tissue therethrough. A distal end of the
Zaleski device comprises a tip for cutting tissue and a proximal end for engaging a handpiece.
The tip includes chamfer means for enhancing cutting efficiency of the tip. The chamfer means
may be comprised of a beveled or stepped cutting edge of the tip, having a wide proximal wall
and a thin distal wall, the distal wall having a cross section of about half of a cross section of the
wide proximal wall. The Zaleski device is limited in that only tissue in contact with the tip of
the needle is treated. Additionally, the Zaleski device is not used to create cavitational energy
via transverse vibration along the length of the needle and there is no indication that the Zaleski
device could be used to provide such energy. Further, the Zaleski patent does not disclose an
apparatus or method of manufacturing the needle. Thus, a need exists in the art for an efficient

and reliable method to manufacture small diameter ultrasonic probe.

U.S. Patent No. 4,870,953 to DonMicheal et al. discloses an elongated, solid, flexible
probe attached at one end to an ultrasonic energy source and having a rounded probe tip at a
distal end, the probe tip being capable of both longitudinal and transverse motion. The
DonMicheal et al. device is limited in that it does not disclose the treatment of tissue along a
length of the probe and only discloses tissue treatment at the probe tip. Further, the DonMicheal
et al. patent does not disclose an apparatus or method of manufacturing a small diameter medical
device. Thus, a need exists in the art for an efficient and reliable method to manufacture small

diameter ultrasonic probe.

Accordingly, there is a need in the art for an apparatus and method to manufacture small
diameter ultrasonic probes capable of vibration in a transverse mode for incorporation in tissue

ablation medical devices.
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SUMMARY OF THE INVENTION

The present invention is an apparatus and method for manufacturing small diameter
ultrasonic probes capable of vibrating in a transverse mode that can be used in ultrasonic tissue
ablation. More particularly, the present invention provides an apparatus and method of
manufacturing ultrasonic prpbes having a diameter at the functional end_ of less than 0.020
inches. The apparatus includes a die, a style puller which is used to engage a functional end of
the small diameter medical device, and a die room puller which is used to draw the medical
device through the die. The die includes a bell-shaped lead-in on a front side of the die and a
bell-shaped lead-in on a back side of the die allowing for reversal of the direction of the draw.
Reversing the draw during the drawing process allows for introduction of segments of decreasing
diameter from a proxfmal end of the ultrasonic probe to a distal end of the probe, concluding in a

functional end of diameter less than 0.020 inches.

The method of the present invention includes heat treating a large diameter medical
device, drawing the large diameter device through a die and reversing the direction of the draw
of the medical device through the die in order to provide a medical device having a varying
diameter along a length of the method device. The method is repeated until a final diameter is
reached. The method of the present invention further includes providing a plurality of dies
where a subsequent die has a diameter smaller than the previous die enabling a stepwise
reduction in a diameter of the medical device until reaching a final diameter of the medical

device.

The present invention is an apparatus and method for manufacturing small diameter
ultrasonic probes capable of vibrating in a transverse mode that can be used in ultrasonic medical
devices for tissue ablation. The present invention provides an apparatus and method of
manufacturing ultrasonic probes having a diameter at the functional end of less than 0.020

5
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inches. Furthermore, the probe functions in a transverse mode along the length of the probe as
disclosed in Assignee’s co-pending patent applications Serial No. 09/618,352 and Serial No.

09/917,471, the entirety of which are hereby incorporated by reference.

The present invention provides for a method of manufacturing a small diameter
ultrasonic probe including a drawing and annealing process from a precursor probe of larger
diameter obtained by a conventional machining process. The method of the present invention
comprises drawing the large diameter probe obtained by machining through either a single die or
a series of dies decreasing stepwise in diameter thereby enabling a stepwise reduction in probe
diameter to a final value. The dies used in the drawing process are constructed suéh that they
include lead-ins on both sides of the die. The lead-ins are of a bell-shape and allow reversing the
direction of the draw, or a retrograde pull that is capable of reducing the diameter of a metallic
material such as a pre-machined probe that is drawn through them. Reversing the draw during
the drawing process allows for introduction of segments of decreasing diameter either in a
continuous or stepwise manner along the longitudinal axis of the probe from a single metal
stock, thereby maintaining its integrity and mechanical strength to preclude fracturing during its

operation in the medical device.

In one aspect of the present invention, the die is made from materials including, but not
limited to, tungsten, stainless steel, carbide, diamond or similar materials known to those skilled
in the art and is capable of reducing the diameter of the medical device sequentially by about 1%
to 5% with each subsequent draw. In another aspect of the present invention, an assembly of
dies are arranged serially, each die smaller than the one before, such that they provide a

sequential reduction in diameter of the medical device being drawn through the assembly.

The method of the present invention for manufacturing a small diameter ultrasonic probe
includes providing a medical device which has been previously machined to a diameter greater

6
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than or equal to 0.020 inches, providing the aforementioned die or die assembly including a lead-

in on both sides of each die, heat treating the medical device through an annealing process and
drawing the medical device through one to a plurality of dies resulting in the small diameter
ultrasonic probe. The method of manufacturing of the present invention may result in the small
diameter ultrasonic probe having abutting sections of decreasing diameters. The small diameter
ultrasonic probe is in one aspect drawn manually and in another aspect drawn mechanically
through one to a plurality of dies. Additionally, a lubricant including, but not limited to, lithium
grease, soaps, oils, other greases or other similar lubricants known to those skilled in the art are
used to lubricate the die assembly during the drawing process. In one aspect of the present
invention, drawing the ultrasonic probe through the aforementioned die assembly provides a
method for manufacturing an ultrasonic probe with a small diameter, and further provides a
method to decrease the diameter of the said ultrasonic probe by about 1% to 5% with each
subsequent draw. The decreased diameter of the said present invention provides increased

flexibility of the probe that enables it to vibrate in a transverse mode.

A distinguishing feature of the present invention is the ability to manufacture probes of
extremely small diameter (small diameter probes) compared to previously disclosed devices
(large diameter probes) without loss of efficiency or efficacy, since the tissue fragmentation
process in not dependent on an area of the probe tip (distal end). Highly flexible probes can
therefore be obtained to mimic device shapes that enable facile insertion into highly occluded or
extremely small interstices without resulting in breakage of the probe or puncture or damage of

the tissue or body cavity while ensuring optimal results.

In another aspect of the present invention, the metallic object is exposed to a change in
temperature through an annealing process. The annealing process is performed prior to the

metallic object being drawn through a single die or intermittently while the metallic object is
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- drawn through a succession of smaller dies. In yet another aspect of the present invention, the

annealing process is performed after drawing the metallic object through a number of dies to
minimize, eliminate or nullify the work hardening that will have taken place. After the metallic
object is annealed at an elevated temperature and subsequently cooled to room temperature the
drawing process is resumed. The éhange in temperature, which results from the annealing
process, controls the amount work hardening and the resulting mechanical properties of the small
diameter ultrasonic probe. The need for annealing and the degree of annealing will be evident to
those skilled in the art. In a further aspect of the present invention, the tip of the small diameter
ultrasonic probe is shaped by the process of forging, swaging, lathing, or any process of shaping

metal known to those of skill in the art.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further explained with reference to the attached drawings,
wherein like structures are referred to by like numerals throughout the several views. The
drawings are not necessarily to scale, with emphasis instead generally being placed upon

illustrating the principles of the present invention.

Figure 1 illustrates a side-view of a small diameter ultrasonic probe manufactured in

accordance with the present invention.

Figure 2 illustrates a side-view of a small diameter ultrasonic probe manufactured in

accordance with the present invention.

Figure 3 illustrates a cross-sectional view of a drawing die according to the present

invention.

Figure 4a illustrates the horizontal cross-sectional view of a style puller according to the

present invention.
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Figure 4b illustrates the vertical cross-sectional view of a style puller according to the

present invention.

While the above-identified drawings set forth preferred embodiments of the present
invention, other embodiments of the present invention are also contemplated, as noted in the
discussion. This disclosure presents illustrative embodiments of the present invention by way of
representation and not limitation. Numerous other modifications and embodiments can be
devised by those skilled in the art which fall within the scope and spirit of the principles of the

present invention.
DETAILED DESCRIPTION

The present invention relates generally to the manufacture of small-diameter medical
devices. More particularly, the present invention is an apparatus and method for manufacturing
small diameter ultrasonic probes capable of vibrating in a transverse mode that can be used in

ultrasonic medical devices for tissue ablation.
The following terms and definitions are used herein:

“Probe” as used herein refers to a device capable of being adapted to an ultrasonic
generator means, which is capable of propagating the energy emitted by the ultrasonic generator
means along its length, and is capable of acoustic impedance transformation of ultrasound

energy to mechanical energy.

“Transverse” as used herein refers to vibration of a probe at right angles to the axis of a
probe. A “transverse wave” as used herein is a wave propagated along an ultrasonic probe in
which the direction of the disturbance at each point of the medium is perpendicular to the wave

vector.
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“Lead-in” as used herein refers to the opening at the mouth of the drawing die.

“Work hardening” as used herein refers to the increase in strength that accompanies

plastic deformation of a metal.

“Small diameter” as used herein refers to an ultrasonic probe with a diameter less than

0.020 inches.

“Large diameter” as used herein refers to an ultrasonic probe with a diameter greater than

or equal to 0.020 inches.

“Memory metals” as used herein refers to metals that return to their original shape if

deformed.

“Piezoelectric metals™ as used herein refers to as metals that relate to or involve
piezoelectricity. “Piezoelectricity” as used herein refers to the generation of electricity or of
electric polarity in dielectric crystals subjected to mechanical stress, or the generation of stress in

such crystals subjected to an applied voltage.

“Ductile” materials as used herein refer to materials which are easily molded or shaped,;

or easily drawn into a wire or hammered.

The present invention provides a manufacturing apparatus and method to fabricate a
small diameter ultrasonic probe capable of oscillating in a transverse mode. More particularly,
the present invention provides a method of manufacturing probes having a diameter at a

functional end of less than 0.020 inches.

A small diameter ultrasonic probe of the present invention is shown generally at 1 in
Figure 1. The ultrasonic probe 1 includes a probe tip 2, a functional end 4 and from one to a

plurality of transforming elements 8 and 12. The transforming element 12 is larger in diameter

10
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than the transforming element 8 which is larger in diameter than the functional end 4 of the

probe tip 2. Each of the transforming elements 8 and 12 are connected by connecting areas 10
which transition from one diameter to the next. The functional end 4 is connected to the
transforming élements 8 and 12 by a connecting area 6. In one embodiment of the present
invention as illustrated in Figure 1, the small diameter ultrasonic probe 1 is of sufficient rigidity

in order to avoid fracturing or breaking.

Figure 2 shows another embodiment of a small diameter ultrasonic probe 1 of the present
invention. The ultrasonic probe 1 includes a probe tip 2, a functional end 4 and from one to a
plurality of transforming elements 8 and 12 one larger in diameter than the previous one from the
probe tip 1 to the attachable end of the probe 14. As shown in Figure 2, the attachable end of the
probe in one embodiment is attached to a handle 16. Each of the transforming elements 8 and 12
are connected by a connecting area 10 which transition from one diameter to the next. The
functional end 4 is connected to the transforming elements 8 and 12 by the connecting area 6. In
one embodiment of the present invention as illustrated in Figure 2 the ultrasonic probe 1 is of

sufficient flexibility to cause sufficient cavitation energy to cause tissue ablation.

The ultrasonic probe 1 is made from the materials selected from the group including
“memory metals”, “piezoelectric materials”, or any material that is “ductile” such as, for
example, metals including titanium, titanium alloys or similar materials known to those skilled in

the art. In one embodiment, the ultrasonic probe is made from titanium. In a further

embodiment of the present invention, the ultrasonic probe functions in a transverse mode.

Figure 3 shows a cross-sectional view of the drawing die 20 of the present invention.
The drawing die 20 comprises a bell-shaped lead-in 22 on a front side 24 and a bell-shaped lead-
in 23 on a back side 25 which allows for the direction of the draw to be reversed for a retrograde
draw. Reversal of the direction of the draw allows the functional end 4 of the probe 1 to have a

11
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smaller diameter than those of the transforming elements 8 and 12 while being made of one

contiguous piece of material to increase the strength and flexibility of the probe. The die 20 is
made from the material selected from the group including, but not limited to, tungsten, stainless
steel, carbide, diamond or similar materials known to those skilled in the art. In a preferred
embodiment, the drawing die 20 is made from tungsten carbide encased in a stainless steel

housing.

According to the present invention, the material is first machined to provide a diameter
greater than or equal to 0.020 inches. In one embodiment of the present invention, the machined
material is drawn through the drawing die 20 to reduce the diameter of the functional end 4 while
undergoing an annealing process. The annealing process of the present invention includes
exposing the machined material to a change in temperature resulting in decreasing the amount of
work hardening and changing the strength of the resulting device. In another embodiment of the
present invention, the machined material is drawn through a succession of drawing dies 20 to
further reduce the diameter of the functional end 4 by about 1% to about 5% with each draw
while undergoing an annealing process. In yet another embodiment of the present invention, the
machined material is drawn through the drawing die 20 to reduce the diameter of the
transforming elements 8 and 12 as well as the functional end 4 while undergoing the annealing
process. In a further embodiment of the present invention, the machined material is drawn
through a succession of drawing dies 20 to further reduce the diameter of the transforming
elements 8 and 12 as well as the functional end 4 by about 1% to about 5% with each draw while

undergoing the annealing process.

In one embodiment of the present invention, a lubricant selected from the group
including, but not limited to, lithium grease, soaps, oils, other greases or similar lubricants

known to those skilled in the art is used to lubricate the drawing die 20 while drawing the

12



10

15

20

WO 02/070158 PCT/US02/07135
ultrasonic probe 1 through the die 20 or the plurality of dies 20. In a preferred embodiment, a

lithium grease is used to lubricate the drawing die 20 while drawing the ultrasonic probe 1

through the die 20 or the plurality of dies 20.

In another embodiment, the ultrasonic probe 1 is drawn through a succession of the
drawing dies 20 manually. In a preferred embodiment of the present invention, the ultrasonic
probe 1 is drawn through the drawing die 20 mechanically using, for example, a die room puller
40 illustrated in Figure 4b. Workers skilled in the art will recognize that any type of die room
puller or similar device known to those skilled in the art can be used to meachinally draw the
medical device through the die. In a most preferred embodiment, the ultrasonic probe 1 is drawn
through a succession of drawing dies 20 mechanically using the die room puller 40 illustrated in

Figure 4b.

In one embodiment of the present invention (not shown), the shape of the probe tip 2 is
formed by the process of forging. Forging is a manufacturing process where a material (i.e., a
metal) is pressed, pounded or squeezed under great pressure into high strength parts known as
forgings. The forging process is normally (but not always) performed hot by preheating the
metal to a desired temperature before it is worked on. It is important to note that the forging
process is entirely different from a casting (or foundry) process, as the metal used to make forged
parts is never melted and poured as in the casting process. In another embodiment of the present
invention, the shape of the probe tip 2 is formed by the process of lathing. The lathing process
includes a machine for turning and for shaping articles of wood, metal, or other material, by
causing them to revolve while acted upon by a cutting tool. In a preferred embodiment, the
shape of the probe tip 2 is formed by the process of swaging. Rotary swaging is a process for
reducing the cross-sectional area or otherwise changing the shape of bars, tubes or wires by

repeated radial blows with one or more pair of opposed dies. Cold swaging can be performed at

13
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room temperature and is effective on thin-walled materials and on smaller reductions of cross
sectional area. A benefit of the cold swagging process is that the cold working of the material
improves the strength of the material. On the other hand, hot swaging is done at precise elevated
temperatures. Heating is usually accomplished by use of induction heating equipment that
allows for close control of heat input and swaging temperature. Greater reductions on heavy
walled or difficult alloys are typically done utilizing the hot swaging method. Workers skilled in
the art will recognize that any type of mechanical shaping process or similar process known to
those skilled in the art can be used to shape the tip of the ultrasonic probe of the present

invention.

In a preferred embodiment of the present invention, the diameter of the functional end 4
of the ultrasonic probe 1 is reduced to less than 0.020 inches. The smaller diameter of the

ultrasonic probe 1 results in an increase in the flexibility of the probe 1.

Figure 4a shows a top cross sectional view of a style puller 30 used to grasp the
functional end 4 of the ultrasonic probe 1 and to draw the ultrasonic probe 1 through the die 20.
In one embodiment, the style puller 30 includes a chuck-like grasper 32 to grasp the functional
end 4 of the ultrasonic probe 1. Once securely held by the grasper 32, the functional end 4 can
then be reduced down to a diameter less than 0.020 inch by drawing the medical device through
the die 20 or series of dies 20. In another embodiment, the style puller 30 also comprises four

screw plates 34 to attach the style puller 30 to a die room puller 40.

Figure 4b shows a side cross sectional view of the style puller 30 engaged to a die room
puller 40 used to draw the ultrasonic probe 1 through the drawing die 20. In one embodiment,
the style puller 30 comprises a base 44 which is bolted to a table by two ends 42. In a further
embodiment the style puller 30 includes a plurality of teeth 46 which are used in a ratcheting-like
method with a handle 50 that is attached to the style puller 40 by a ratcheting screw 48. The

14
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plurality of teeth 46 are engaged by a ratcheting element 54 as the handle 50 is moved from a

first position to a second position whereby the medical device is drawn through the die in a
forward direction. In another embodiment the style puller 30 is bolted to the die room puller 40
by the screw plates 34. As the handle moves from a first position to a second position, the style
puller 30 draws the functional end 4 of the ultrasonic probe 1 through the drawing die 20, the die
20 being attached to the die room puller 40. Drawing the ultrasonic probe 1 through the die 20
results in a decrease in the diameter of the functional end 4 of the ultrasonic probe 1. As the
handle 50 returns from the second position to the first position, the direction of the draw on the
functional end 4 of the ultrasonic probe 1 is reversed. Reversing the direction of the draw
through the drawing die 20 is the mechanism by which the difference in diameter between the

transforming elements 8 and 12 and the functional end 4 is achieved.

The ultrasonic probe manufactured by the present invention is described by Assignee’s
co-pending U.S. patent applications Serial No. 09/618,352 and Serial No. 09/917,471, the
entirety of these applications are hereby incorporated by reference. The probe manufactured by
the present invention may be used in conjunction with a flexible sheath assembly, such as those
described in Assignee’s co-pending U.S. patent application Serial No. 09/775,908, the entirety of
which is hereby incorporated by reference. Probes manufactured by the present invention may
be used in medical procedures including tissue remodeling (disclosed in Assignee’s co-pending
U.S. patent application 09/917,471); removal of vascular occlusions (disclosed in Assignee’s co-
pending patent applications Serial No. 09/776,015 and Serial No. 09/972,555); and treatment of
genealogical diseases (disclosed in Assignee’s co-pending patent application Serial No. 00/000,
000 (Atty. Docket No. 20563/2112)), the entirety of these applications are hereby incorporated

by reference.
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Variations, modifications, and other implementations of what is described herein will
occur to those of ordinary skill in the art without departing from the spirit and scope of the
present invention as claimed. Accordingly, the present invention is to be defined not by the

preceding illustrative description but instead by the spirit and scope of the following claims.
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What is claimed is:

1.

An apparatus for manufacturing a small diameter medical device comprising:
a die;
a style puller used to engage a functional end of the medical device; and

a die room puller used to draw the medical device through the die.

The apparatus of claim 1 further comprising a plurality of dies wherein a subsequent die
has a diameter smaller than a previous die enabling a stepwise reduction in a diameter of

the medical device until reaching a final diameter of the medical device.

The apparatus of claim 1 wherein the die is capable of reducing the diameter of the
medical device by about 1% to about 5% with each draw of the medical device through

the die.
The apparatus of claim 1 wherein the die is lubricated during the draw.

The apparatus of claim 1 wherein the style puller further comprises a chuck-like grasper

to grasp the functional end of the medical device.

The apparatus of claim 1 wherein the die includes a front lead-in on a front side of the die

and a back lead-in on a back side of the die.

The apparatus of claim 6 wherein the front lead-in and the back lead-in are bell-shaped

allowing reversal of the direction of the draw.

The apparatus of claim 6 wherein the back lead-in is bell shaped allowing reversal of the

direction of the draw.

The apparatus of claim 1 wherein the final diameter of the medical device is less than
0.020 inches.
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14.

15.

16.

WO 02/070158 PCT/US02/07135

The apparatus of claim 1 wherein the medical device is a probe used for delivering

ultrasonic energy in a transverse mode.

The apparatus of claim 1 wherein the style puller comprises a chuck-like grasper which
engages a functional end of the medical device and draws the medical device through the

die.

The apparatus of claim 11 wherein the style puller further comprises a handle which
when moved from a first position to a second position delivers a mechanical force to the

style puller, drawing the medical device through the die.

The apparatus of claim 12 wherein the style puller comprises a plurality of teeth which
are engaged by a ratcheting element as the handle is moved from the first position to the
second position whereby the medical device is drawn through the die in a forward

direction.

The apparatus of claim 13 wherein the draw on the medical device reverses as the handle
returns from the second position to the first position, thereby allowing for introduction of

segments of decreasing diameter along a length of the medical device.

An apparatus for manufacturing a small diameter medical device comprising:

a die having a front side with a front lead-in and a back side with a back lead-in wherein

the medical device is drawn through the die.

The apparatus of claim 15 wherein a final diameter of the medical device is less than

0.020 inches.
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23.

24.

25.

26.
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The apparatus of claim 15 further comprising a plurality of dies where a subsequent die
has a diameter smaller than the previous die enabling a stepwise reduction in a diameter

of the medical device until reaching a final diameter of the medical device.

The apparatus of claim 15 wherein the front lead-in and the back lead-in are bell shaped

allowing reversal of the direction of the draw of the medical device through the die.

The apparatus of claim 15 wherein the back lead-in is bell shaped allowing reversal of the

direction of the draw of the medical device through the die.

The apparatus of claim 15 wherein the die is capable of reducing a diameter of the
medical device by about 1% to about 5% with each draw of the medical device through

the die.
The apparatus of claim 15 wherein the die is lubricated during draw.

The apparatus of claim 15 wherein the medical device is a probe used for delivering

ultrasonic energy in a transverse mode.
The apparatus of claim 15 wherein the die is made of tungsten carbide.
The apparatus of claim 15 wherein the die is made of diamond.

The apparatus of claim 15 wherein a style puller and a die room puller are used to draw

the medical device through the die.

A method of manufacturing a small diameter medical device comprising:
heat treating a large diameter medical device through an annealing process; and

drawing the large diameter medical device through a die to yield a small diameter

medical device.
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32.

33.

34.

35.

36.
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27.

The method of claim 26 wherein a final diameter of at least a portion of the small

diameter medical device is less than 0.020 inches.

The method of claim 26 further comprising providing a plurality of dies where a
subsequent die has a diameter smaller than the previous die enabling a stepwise reduction

in a diameter of the medical device until reaching a final diameter of the medical device.

The method of claim 28 further comprising heat treating the medical device prior to

drawing the medical device through each die of the plurality of dies.

The method of claim 26 further comprising heat treating the device after drawing the
device through the die in order to minimize work hardening that will have taken place

during draw.

The method of claim 26 wherein the die includes a front lead-in on a front side of the die

and a back lead-in on a back side of the die.

The method of claim 31 wherein the front lead-in and the back lead-in are bell shaped

allowing reversal of the direction of the draw.

The method of claim 32 wherein the back lead-in is bell shaped allowing reversal of the

direction of the draw.

The method of claim 32 wherein reversing the direction of the draw provides a medical

device having a varying diameter along a length of the medical device.

The method of claim 26 wherein the device is a probe used for delivering ultrasonic

energy in a transverse mode.

The method of claim 26 wherein the device is drawn manually through the die.
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The method of claim 26 wherein the device is drawn mechanically through the die.

The method of claim 26 further comprising shaping a functional end of the medical

device by a process of mechanical shaping.
The method of claim 38 wherein the functional end is shaped by a process of swaging.

A method of manufacturing a small diameter medical device from a large diameter

medical device comprising the steps of:

(1)  drawing the large diameter medical device through a die thereby reducing a

diameter of the medical device; and

(2)  reversing the draw of the medical device through the die to provide a medical

device having a varying diameter along a length of the medical device

wherein steps 1, and 2 are repeated until the diameter of the medical device is less than

0.020 inches.

The method of claim 40 further comprising providing a plurality of dies where a
subsequent die has a diameter smaller than the previous die enabling a stepwise reduction

in a diameter of the medical device until reaching a final diameter of the medical device.

The method of claim 40 wherein the die is capable of reducing the diameter of the
medical device by about 1% to about 5% with each draw of the medical device through

the draw.

The method of claim 40 wherein the medical device is a probe used for delivering

ultrasonic energy in a transverse mode.
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The method of claim 40 wherein the method increases the flexibility of the medical

device thereby improving the ability of the probe to vibrate in a transverse mode.

The method of claim 40 wherein the die comprises a front lead-in on a front side of the

die and a back lead-in on a back side of the die.

The method of claim 45 wherein the front lead-in and the back lead-in are bell shaped

allowing reversal of the direction of the draw.

The method of claim 45 wherein the back lead-in is bell shaped allowing reversal of the

direction of the draw.

The method of claim 40 wherein the medical device is mechanically drawn through the

die.

The method of claim 40 wherein a style puller is used to draw the medical device through

the die.

The method of claim 49 further comprising a die room puller used to draw the medical

device through the die.

The method of claim 50 wherein a the style puller comprises a chuck-like grasper which
engages a functional end of the medical device and serves to draw the medical device

through the die.

The method of claim 51 wherein the style puller further comprises a handle which when
moved from a first position to a second position delivers a mechanical force to the style

puller, drawing the medical device through the die.
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The method of claim 52 wherein the style puller comprises a series of teeth which are

engaged by a ratcheting element as the handle is moved from a first position to a second

position whereby the medical device is drawn through the die in a forward direction.

The method of claim 53 wherein the the draw on the device reverses as the handle returns
from the second position to the first position, thereby allowing for introduction of

segments of decreasing diameter along a length of the medical device.

The method of claim 40 further comprising heat treating the large diameter medical

device before drawing the large diameter medical device through a die.

The method of claim 55 wherein heat treating the large diameter medical device

comprises an annealing process.

23



PCT/US02/07135

WO 02/070158

1/2

€Old [/

77

0c

vi

g/vm

¢ Ol

¢l ol

— 00
~©

~<t

SUBSTITUTE SHEET (RULE 26)



WO 02/070158

34

FIG. 4A

SUBSTITUTE SHEET (RULE 26)

2/2

50

48

FIG. 4B

PCT/US02/07135
AN
ﬁ-
o ]
v
Vo)
©
v
=)
<™ | <
v
-]
o °
m ]
i,
YU
Q-
N
N
< <



INTERNATIONAL SEARCH REPORT

International apphication No.

PCT/US02/07 185

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(7)  :B21C 1/18, w700
US CL 79741, 276, 286, 291

According to International Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

LS. 72/41, 274, 276, 286, 282, 290, 291

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

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

EAST: ultrasonic probe or device, die, heat treat, medical device

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to cliiim No.

X US 5,676,011 A (ALLISON) 14 October 1997, Figure 1. 1,

>

Abstract.

<

< =

37, and column 2, lines 41-48.

US 4,462,242 A (MORGENTHALER) 31 July 1984, Figure 1 and

US 3,763,680 A (GODFREY et al) 09 October 1973, Figure 1.

US 5,765,418 A (ROSENBERG) 16 June 1998, column 1, lines 31-

US 1,239,451 A (BELZ) 11 September 1917, Figure 6.

5, 6,
15, 22,25

10-12,

6-8, 18, 19, 24
4, 21

9,16, 23

1-56

Further documents are listed in the continuation of Box C. D See patent family annex.

+ Special categories of cited documents:

AT document defining the general state of' the art which is not

considered to he of particular relevance

" earlier document published on or after the international filing date

"L document which may throw doubts on priovity claim{s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O" document referring to an oral disclosure, use, exhibition or other
means

e document published prior to the international filing date buc later

than the priority date chiimed

later document published after the international filing date or priovity
date and not in conflict with the application bue cited to understind
the principle or theory underlying the invention

"Xt document of particular relevance: the claimed invention cannot he
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 he
considered to involve an inventive step when the docuiment s
combined with one or more other such documents, such combination
being obvions to a person skilled in the art

NS document member of the same patent family

Date of the actual completion of the international search

15 MAY 2002

Date of mailing of the international search report

05 JUN2002 )

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.  (7038) 3035-3230

A

Authorized ofticer

o 5‘77—]
DANIEL C. CRAN Vs ;
} C. CRANE Pardlegal Specialist

Telephone No. (703) 308-1118

Group 3700

Form PCT/ISA/210 (second sheet) (July 1998)*




INTERNATIONAL SEARCH REPORT International application No.

PCT/US02/07135

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 1,779,478 A (LEECH) 28 October 1930, Figure 5.

US 4,872,333 A (BURNAND) 10 October 1989, Figure 1.

US 5,217,465 A (STEPPE) 08 June 1993, column 5, lines 51-68.

US 5,255,551 A (VETTER) 26 October 1993, Figures 1 and 4.

US 5,704,787 A (HICKOK et al.) 06 Jan 1998, Figure 1.

Form PCT/ISA/210 (continuation of second sheet) (July 1998)*




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

