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(57) ABSTRACT

A medical instrument such as a guidewire that is designed to
have controlled torque transmission along its length. Spe-
cially treated areas are placed in selected and equal areas
along the entire length of the elongated shaft of the medical
instrument, and are separated from one another by untreated
areas. This process ensures that any torque is transmitted
distally, in a smooth manner, regardless of the guidewire
position, thus resulting in a substantial reduction in whipping.
In one embodiment, a stainless steel guidewire is utilized, and
is subjected to annealing heat treatment in selected areas. This
annealing process creates a mandrel that has repeated temper
properties along its length. Torque applied at one end of this
mandrel is transmitted to the opposite end in an even and
controlled manner, even when the mandrel is formed into a
loop.
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MEDICAL INSTRUMENT WITH
CONTROLLED TORQUE TRANSMISSION

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 10/428,240 filed May 1, 2003.

FIELD OF THE INVENTION

[0002] The invention relates to medical instruments such as
guidewires, and more particularly to a medical instrument
such as a guidewire that is designed to have controlled torque
transmission along its length.

BACKGROUND OF THE INVENTION

[0003] Guidewires are used in most catheter-based proce-
dures. The distal end of a guidewire typically has an angled
tip, which can be oriented to help steer the guidewire through
curves and junctions of the vasculature or vessels of a patient.
The orientation of the angled tip is achieved by torquing the
guidewire so that it rotates about its axis.

[0004] Correct positioning of a catheter is dependent on the
ability of the guidewire to track and be rotated to gain access
to the target area. Guidewires generally will rotate in a 1:1
ratio between the proximal and distal ends in a straightened
position, however, when subject to looping or bending as may
occur in a tortuous anatomy, guidewires exhibit the tendency
to whip (sudden release of torsional energy). This whipping
makes precise access 1o target sites, such as selecting one
vessel of a bifurcation, difficult.

[0005] Often, because of the variability of procedures and
anatomy, the location of the hoop stress created by looping or
bending of the guidewire cannot be predicted. Guidewires
that are produced by maintaining a rigid proximal end and
sequentially creating a more flexible distal portion are subject
to whipping when looping or bending is applied away from
the end of the distal portion.

[0006] One prior art device and method for torque trans-
mission in a guidewire is shown in U.S. Pat. No. RE 36,628,
to Sagae et al. The *628 patent teaches a catheter guidewire
wherein the base material constituting the wire is made of an
elastic alloy wire and is subjected to a heat treatment such that
its flexibility is sequentially increased from its proximal to
distal end portions. A thermoplastic resin and/or a coil spring
may be applied to at least the distal end portion of the wire
base material. A method of manufacturing the catheter
guidewire is also taught. The method is characterized in that
the leading end side of the base material is divided into a
plurality of areas and subjected to a heat treatment by chang-
ing the heat treatment temperature and the time conditions in
units of the areas so that the flexibility of the base material is
sequentially increased from the proximal to distal end por-
tions of the leading end side. As noted above, one of the
drawbacks of guidewires such as that taught in the *628 patent
is that guidewires that are produced by maintaining a rigid
proximal end and sequentially creating a more flexible distal
portion are subject to whipping when looping or bending is
applied away from the end of the distal portion.

[0007] Another prior art device and method for torque
transmission is taught in U.S. Pat. No. 5,951,494, which is
hereby incorporated by reference. FIGS. 1-3 herein have been
reproduced from the '494 patent. Referring to FIG. 1, a
guidewire 2 includes a relatively stiff proximal portion 14, a
transition portion 16 with varying, intermediate stiffness, and
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a highly flexible distal portion 18. The guidewire is formed
entirely of common medical polymer materials and exhibits
high torque fidelity because it has been twisted and tensioned
in manufacture to helically orient the polymer. This is illus-
trated by a segment 8 of the wire that, prior to processing, was
parallel to the device axis but after twisting and tensioning,
follows a characteristic helical path.

[0008] Referring to FIG. 2, in the course of an angioplasty
operation to open an occluded coronary artery, the guidewire
2 is typically delivered through an access catheter 20 into the
femoral artery 22. The physician pushes and torques the
proximal end of the guidewire to thread it through the body
into the coronary arteries 24.

[0009] Referring to FIGS. 3A and 3B, the distal portion 18
of the guidewire is positioned such that it can cross a
restricted region 28 of the artery. The physician pushes (arrow
30) and torques (arrow 32) the proximal portion of the
guidewire remaining outside the body. The degree of rotation
caused by torquing the proximal end is transmitted to produce
a degree of rotation at the distal end.

[0010] As noted above, guidewires that are produced by
maintaining a rigid proximal end and sequentially creating a
more flexible distal portion are subject to whipping when
looping or bending is applied away from the end of the distal
portion. In addition, guidewires that are formed from certain
elastic alloys are relatively expensive to produce. The present
invention is directed to a device and method for overcoming
the foregoing and other disadvantages. More specifically, the
present invention is directed to a medical instrument such as
a guidewire that is designed to have controlled torque trans-
mission along its length.

SUMMARY OF THE INVENTION

[0011] In accordance with the present invention, a medical
instrument such as a guidewire is provided that can be rotated
without whipping. In addition to guidewires, other applica-
tions include devices such as catheters and driveshafts. In one
embodiment, the medical instrument tapers at the distal por-
tion to promote access to anatomy that reduces in inner diam-
eter.

[0012] In accordance with another aspect of the invention,
specially treated areas are placed in selected and equal areas
along the entire length of the elongated shaft of the medical
instrument, and are separated from one another by untreated
areas. This process ensures that any torque is transmitted
distally, in a smooth manner, regardless of the guidewire
position, thus resulting in a substantial reduction in whipping.
In one embodiment, a stainless steel guidewire is utilized, and
is subjected to annealing heat treatment in selected areas. This
annealing process will create a mandrel that has repeated
temper properties along its length. Torque applied at one end
of this mandrel is transmitted to the opposite end in an even
and controlled manner, even when the mandrel is formed into
a loop.

[0013] In accordance with another aspect of the invention,
the treated sections are subjected to an annealing process,
while the untreated sections are normally tempered. The
untreated sections may be longer than the treated sections. In
one embodiment, the treated sections are all approximately
the same length.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
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ciated as the same become better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0015] FIG. 11is aside view of a prior art polymer medical
guidewire;
[0016] FIG. 2 is a schematic of the prior art guidewire of

FIG. 1, as being delivered into a patient;

[0017] FIGS.3A and 3B are expanded views of the prior art
guidewire of FIG. 2 illustrating torquing of the proximal end
and rotation of the distal end; and

[0018] FIG. 4 is a side view of a guidewire that has been
subjected to heat treatments in selected areas in accordance
with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] Low carbon alloy steel, such as stainless steel, has
strength and hardness imparted through drawing or extrusion.
This hardness is an ideal quality for guidewires as they can be
torqued effectively over a long length. A guidewire made
from this material is very cost effective as compared to a wire
made from elastic alloys such as nitinol. An important factor
is the ability of the wire to track and thus create a mechanical
pathway through a portion of the human anatomy in order to
allow a physician to direct other devices such as catheters to
a precise location.

[0020] The ability to track is related to a combination of
both pushing and rotating the guidewire. Often placed in a
tortuous path, a guidewire cannot effectively transmit torque
from the proximal to the distal end in a 1:1 ratio. As the
proximal end is rotated, the torsion is stored as energy in the
end of the guidewire proximal to the tortuous path. When the
threshold is reached where the stored energy overcomes the
resistance of the tortuous path, whipping of the distal tip of
the guidewire will occur. As a result, accurate placement of
the guidewire is difficult.

[0021] FIG. 4 is a side view of a guidewire 100 that is
formed in accordance with the present invention. The
guidewire 100 has been subjected to selective area annealing.
More specifically, localized sections 112a, 1144, 1164, and
1184 have been subjected to selected area annealing. The
sections 1125, 1145, 1165, and 1185 are untreated (normally
tempered) sections.

[0022] As noted above, the use of stainless steel as the
material is a cost-effective choice for the guidewire 100. In
one embodiment, the guidewire 100 comprises an elongated
stainless steel element with a length of 220 cm and an outer
diameter 0f 0.018 inches. The stainless steel guidewire 100 is
provided with a tapered distal tip. The taper, as in most
guidewires, increases the flexibility at the distal end. To
improve the ability to push the guidewire 100, the middle and
proximal sections are greater in diameter than the distal end.
As described above, the middle section may be severely
turned as it passes through the aortic arch into the carotid
arteries. A curve in the guidewire 100 would be an area where
effective torque transmission could be hampered, and which
could cause the distal tip to whip upon attempted rotation of
the guidewire 100. In this instance, a more ductile middle
section that is formed in accordance with the present inven-
tion will aid in torque transmission without whipping.
[0023] As an example embodiment, in an experiment a
guidewire 100 was formed by creating a repeating pattern of
1 cm heat treated (annealed) sections (e.g., 1124, 114a, 1164,
118a) followed by 2 cm untreated (normally tempered) sec-
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tions (e.g., 1125, 114b, 1165, 1185). These sections were
produced working 20 cm from the proximal end of a 150 cm
long, 0.16" diameter stainless steel shaft guidewire 100. Inthe
experiment, to form the guidewire 100 a hydrogen gas gen-
erator was fitted with a torch tip that produced a flame 0.030"
in diameter and approximately 0.200" long. The annealing
temperature for stainless steel is approximately 1200 degrees
Fahrenheit. In the experiment, the stainless steel was heated
with the hydrogen gas torch until it just changed from a dark
red colorto a bright red color. In order to create very localized
sections, a short annealing time was applied to the 1 cm
sections (e.g., 112a, 1144, 1164, 118a). The short annealing
time comprised raising each of the sections from room tem-
perature to above 1,280 degrees Fahrenheit over approxi-
mately 10 seconds. Heat sinks were used to protect the
untreated sections (e.g., 1125, 1145, 1165, 1185). Time as
well as heat is important for proper annealing so the heat was
allowed to rise above the 1280 degree Fahrenheit mark briefly
to compensate for time. The process was followed by a quick
quench. Once the guidewire 100 was formed according to this
process, it was tested in a looped environment and there was
a substantial reduction in whipping for the guidewire 100 as
compared with an untreated guidewire of the same material.
In other words, upon rotation at the proximal end, a substan-
tial reduction in whipping at the distal end was apparent for
the guidewire 100 as compared to an untreated guidewire of
the same material.

[0024] In actual production, in one embodiment a
guidewire 100 may be produced by utilizing RF generation
and induction coil heating to achieve selective annealing.
Induction heating at precise local areas and for a specific time
restores ductility to the heat-treated areas while the hardness
of the untreated areas is not compromised. An automated
system may be used to control atmosphere, movement, tem-
perature, duration and post process actions such as quench-
ing.

[0025] While the preferred embodiment of the invention
has been illustrated and described, it will be appreciated that
various changes can be made therein without departing from
the spirit and scope of the invention. For example, the
guidewire may be further coated with materials such as sili-
cone or hydrophilic coatings. In addition, a coiled platinum
spring may be provided at the distal end to aid in the flexibil-
ity. The guidewire may comprise either a tapered wire from
the proximal end to the distal tip, or a straight wire from the
proximal end to the distal tip, or any combination thereof.
Furthermore, a stainless steel wire base tensile strength can be
varied to fit applications where more or less flexibility is
required. In addition, a guidewire torque device may be pro-
vided to assist with the rotation of the guidewire. Many types
of guidewires may benefit from the disclosed method of pro-
duction, such as neuro/coronary/peripheral vascular
guidewires. Other applications include devices such as cath-
eters and driveshafts, as well as other instruments that use
shafts which require rotation, such as retrieval baskets and
snares. The selective annealing procedure may also aid in the
flexibility of devices such as stents, where variable stiffness
could aid placement in tortuous anatomy. Various types of
metals and materials may be utilized, being either round or
non-round. that can be subjected to annealing or tempering.
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1. (canceled)
2. A method for treating an elongated medical instrument,
comptrising:
preparing a heating process for heating a plurality of
selected sections of the medical instrument; and

subjecting the plurality of selected sections of the medical
instrument to the heating process so as to alter the torque
characteristics of the plurality of selected sections, the
plurality of selected sections of the medical instrument
being separated from one another by a plurality of unse-
lected sections that are not subjected to the heating pro-
cess.

3. The method of claim 2, wherein the medical instrument
is formed of stainless steel and the heating process raises the
temperature of the plurality of selected sections above
approximately 1200° F.
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4. The method of claim 2, wherein the plurality of unse-
lected sections that are not subjected to the heating process
are protected from the heating process.

5. The method of claim 4, wherein the plurality of unse-
lected sections are protected from the heating process by heat
sinks.

6. The method of claim 2, wherein the heating process is
followed by a quick quench process.

7. The method of claim 2, wherein each of the sections in
the plurality of selected sections is approximately the same

length.
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