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(Us) A medical retrieval device for retrieving foreign objects from 

a patient and the method of constructing the device are dis 
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crushing forces can be achieved using a device of this type. 
These crushing forces may be needed When the foreign object 
is too large to remove intact. This property also facilitates the 
device in dilating ducts to retrieve foreign objects. Using the 
precursor alloy additionally eliminates the need for heat treat 
ment of the cables used in constructing the device. A retrieval 
device made of precursor alloy cable also is less susceptible to 
permanent deformation and unwinding during use. 



US 2011/0202066 A1 Aug. 18, 2011 Sheet 1 of2 Patent Application Publication 

.C/J 

0:1 é 
E—~ 
m 

STRAIN 

FigUre 1a 

m 

a. 
E—< 
C/J 



Patent Application Publication Aug. 18, 2011 Sheet 2 0f 2 US 2011/0202066 A1 

Figure 2a 

Figure- 3' 



US 2011/0202066 A1 

RETRIEVAL DEVICE MADE OF 
PRECURSOR ALLOY CABLE 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/679,563 ?led Oct. 6, 2003, Which is a divi 
sional of US. application Ser. No. 10/341,170 ?led Jan. 13, 
2003, Which is a continuation of US. application Ser. No. 
10/135,006 ?ledApr. 30, 2002, now US. Pat. No. 6,814,740, 
Which is a continuation of US. application Ser. No. 09/ 801, 
186, ?led Mar. 8, 2001, now US. Pat. No. 6,402,761, Which 
is a continuation of US. application Ser. No. 09/427,553 ?led 
Oct. 27, 1999, now US. Pat. No, 6,217,589. 

FIELD OF THE INVENTION 

[0002] The present invention pertains to a medical device 
used to extract foreign objects from a patient. More speci? 
cally, the invention relates to an endoscopic device used to 
retrieve, crush, and remove gallstones and the like. The device 
is designed to traverse through narroW passages Within the 
body and to open Within those passages to retrieve the foreign 
object. 

BACKGROUND OF THE INVENTION 

[0003] The removal of foreign bodies from patients often 
requires the use of endoscopic devices. In particular, gastro 
enterologists commonly use grasping or crushing devices to 
extract stones from a patient’s biliary duct. Additionally, 
snares are often used When removing stents or other foreign 
objects. 
[0004] Grasping and crushing devices generally take the 
form of Wire baskets that deploy to capture the stone to be 
extracted. These Wire baskets may be used for lithotripsy if 
the stone is too large to be removed intact. Lithotripsy 
involves crushing the stone into fragments to facilitate 
removal prom the duct. Effective performance of such 
devices requires the baskets to have enough ?exibility to be 
inserted into the common bile duct. HoWever, the baskets also 
must have a certain degree of rigidity to dilate the duct to 
facilitate stone capture. Often, the baskets are deployed using 
a retaining cannula. In this case, the cannula retains the basket 
in a retracted con?guration during insertion into the bile duct. 
Once Within the grasping region of a stone, the basket extends 
from the cannula and opens to capture the stone. In such a 
case, the basket must have enough stiffness to open the duct 
When removed from the cannula, Without being so stiff that it 
is permanently deformed due to retention Within the cannula. 
[0005] Aside from deformation associated With dilating the 
duct or retention Within the cannula, a common failure of 
conventional baskets occurs during lithotripsy When the bas 
kets are subject to forces often in excess of 50 pounds. Under 
such force, the basket can become severely deformed, ren 
dering it unsuitable for repeated use. Such repeated use is 
desirable because of the frequent occurrence of the need to 
remove more than one stone or other object at a time from the 

patient. Therefore, design of these devices includes focus on 
the durability of the basket in repeated use settings. 
[0006] To repeatedly crush and retrieve foreign objects, a 
basket must be ?exible enough to traverse tortuous anatomy, 
yet stiff enough to open Within a duct, and strong enough to 
crush stones. A single Wire construction may meet any one of 
these criteria, but typically cannot meet all three requirements 
for repeated dilation and lithotripsy. It has been proposed, 
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therefore, to construct a retrieval basket of a stranded cable, 
such as stainless steel cable. Purely stainless steel cable (the 
core and strands) may Work Well for the extraction of a single 
stone, but is subject to the deformation problems discussed 
previously When used for repeated dilatation or lithotripsy. 
[0007] Other baskets are formed from cable Which includes 
a superelastic, sometimes referred to as shape memory, core 
Wrapped With strands of stainless steel to surround the core. 
Nitinol is often used as the superelastic core in these devices. 
Nitinol is a specially heat-treated Titanium-Nickel (TiiNi) 
alloy, preferably approximately 55%/45% Nickel to Titanium 
(N iiTi). These baskets require heat treatment for the core to 
retain its shape. Such a con?guration alloWs for some 
improvement in performance When the baskets are used 
repeatedly and for lithotripsy because the superelastic core 
better retains its shape. 
[0008] HoWever, superelastic materials of this type experi 
ence phase transformations When subject to a certain level of 
stress loading. Lithotripsy often reaches these stress levels. 
Upon a phase transformation, the core of the cable stretches, 
rendering the device incapable of transferring force to the 
stone to complete the crushing process. Furthermore, the 
superelastic alloy has a greater reversible elongation than do 
the surrounding stainless steel strands. This results in a dif 
ference in deformation betWeen the core and the surrounding 
strands leading to a permanent deformation of the cable. Such 
deformation results in an alteration of the basket shape, mak 
ing it less desirable to use for its intended purpose. 

[0009] Moreover, manufacturing both the cable core and 
strands from superelastic alloy Wires results in a cable that 
unWinds due to the highly elastic, nature of the material. Thus, 
a retrieval basket of such cable also Will not retain its desired 
shape Without heat treating. 

SUMMARY OF THE INVENTION 

[0010] The advantages and purpose of the invention Will be 
set forth in part in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The advantages and purpose of the 
invention Will be realiZed and attained by means of the ele 
ments and combinations particularly pointed out in the 
appended claims. 
[0011] To attain the advantages and in accordance With the 
purpose of the invention, as embodied and broadly described 
herein, the invention includes a medical retrieval device for 
retrieving foreign objects from Within a patient’s body. The 
retrieval device includes a retrieval assembly containing a 
cable preformed into a con?guration for capturing and 
removing the foreign object. The retrieval cable includes Wire 
made of a precursor alloy to a superelastic material. Accord 
ing to a particularly preferred embodiment of the invention, 
the cable includes a core Wire and surrounding Wire strands, 
each made of the precursor alloy. 
[0012] The invention further includes a method of manu 
facturing the medical retrieval device including the steps of 
constructing a cable including a Wire made of a precursor 
alloy to a superelastic material and forming a retrieval assem 
bly by preforming the cable into a con?guration adapted to 
capture and remove the foreign objects. 
[0013] The precursor alloy according to the present inven 
tion exhibits a stress-strain curve having a linear relationship 
extending through a yield point With no phase transformation 
point. After the yield point, the stress-strain curve does not 



US 2011/0202066 A1 

exhibit a substantially constant stress plateau as strain 
increases. Rather, the precursor alloy exhibits plastic defor 
mation properties. 
[0014] It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are not restrictive of the inven 
tion, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate the 
preferred embodiments of the invention and, together With the 
description, serve to explain the principles of the invention. In 
the draWings, 
[0016] FIG. 1a is a stress-strain curve for a superelastic 
alloy; 
[0017] FIG. 1b is a stress-strain curve for a precursor alloy; 
[0018] FIG. 2a is a cross-sectional vieW of one embodiment 
of a stranding con?guration according to the present inven 
tion, Wherein a core of precursor alloy is surrounded by 
strands of stainless steel Wires; 
[0019] FIG. 2b is a cross-sectional vieW of another embodi 
ment of a stranding con?guration according to the present 
invention, Wherein a core of precursor alloy is surrounded by 
strands of precursor alloy Wire; and 
[0020] FIG. 3 is a Wire basket retrieval device according to 
an embodiment of the present invention and in a deployed 
position for retrieving an object. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] The various aspects of this invention generally per 
tain to a device, and a method for manufacturing such a 
device, for retrieving foreign objects in a body from locations 
requiring traversal of narroW passages. In use, such a device 
must be able to collapse into a relatively narroW space for 
traversal purposes and to expand in that space for retrieval 
purposes. The device also must have strength characteristics 
so that the device can crush objects to facilitate capturing and 
removal. Additionally, the device must recon?gure to it origi 
nal shape When expanded and retain its ability to recon?gure 
to the original shape for repeated deployments Without losing 
strength and Without suffering permanent deformation. 
[0022] To accomplish these objectives and to overcome the 
problems associated With existing devices of this kind, a 
retrieval device of the present invention incorporates a pre 
cursor alloy into the stranded cable used for making the 
device. When subject to heat treatment, a precursor alloy 
results in the formation of a superelastic alloy. Prior to heat 
treatment, such a precursor alloy exhibits high elongation and 
a linear stress-strain relationship With a yield point. Because 
of these properties, the use of a precursor alloy in the manu 
facture of the device according to the present invention 
achieves greater strength, longer life, and ease in manufac 
ture, as Will be explained. 
[0023] Unlike a superelastic alloy, a precursor alloy used in 
a medical retrieval device of the present invention exhibits a 
linear stress-strain relationship With a plastic yield point. For 
comparison purposes, schematics of the stress-strain curves 
for a superelastic alloy and a precursor alloy are shoWn in 
FIGS. 1a and 1b, respectively. As shoWn in FIG. 1a, as a 
superelastic alloy undergoes increased stress, strain increases 
to phase transformation point X. At X, the superelastic alloy 
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transforms from an austenitic phase to a martensitic phase. 
Thereafter, stress remains substantially constant as strain 
increases, forming a substantially constant stress plateau P. 
Upon releasing the stress on the superelastic alloy, the revers 
ibly deformable nature of the material alloWs it to return to its 
original length folloWing curve Y in the Figure. The cycle 
shoWn often occurs repeatedly With no appreciable change in 
dimension or plastic deformation of the Wire. Therefore, the 
superelastic alloy Withstands a relatively large strain prior to 
the phase transformation point, and additional strain during 
the phase transformation, Without plastic deformation. Fur 
thermore, the phase transformation and reversible deforma 
tion of the superelastic alloy occurs at relatively loW stress 
levels. During the superelastic alloy phase transformation, 
applied stress is absorbed by the alloy to facilitate the phase 
transformation, and is not available to be transferred to 
another object, such as a stone. 

[0024] A precursor alloy material exhibits the stress-strain 
characteristics shoWn in FIG. 1b. Up to the plastic yield point 
Z, strain increases in a reversible manner as stress increases. 

That is, the precursor alloy returns to its normal con?guration 
upon release of stresses prior to reaching plastic yield point Z. 
Moreover, the precursor alloy does not pass through a sub 
stantially constant stress plateau as does the superelastic 
alloy. At stresses above yield point Z, the precursor alloy 
becomes plastically and irreversibly deformed, unlike the 
superelastic alloy. As shoWn in FIGS. 1a and 1b, yield point Z 
of the precursor alloy generally occurs at higher stress levels 
than does phase transformation point X of the superelastic 
material. This enables the device of the present invention to 
transfer greater stress to stones during lithotripsy, as Well as 
facilitating dilation of ducts. Accordingly, the inventive 
devices facilitate retrieval and removal, While maintaining 
shape and strength over repeated uses. 
[0025] In addition to requiring heat treatment of the precur 
sor alloy to produce the superelastic material, a conventional 
retrieval device also requires heat treatment during the for 
mation of the basket so that the superelastic Wires maintain 
their shape. In contrast, a result of the plastic yield point 
associated With a precursor alloy, the basket of the present 
device forms easily by mechanically bending the precursor 
alloy Wire beyond its yield point and into shape. Sophisticated 
heat treatments are thus unnecessary in the manufacture of the 
inventive device. 

[0026] Moreover, because of the superelastic nature of the 
heat-treated alloys used in conventional devices, a stranded 
cable made entirely of a superelastic material is ineffective 
due to phase transformation deformation and unWinding 
problems, as mentioned above. HoWever, precursor alloys are 
highly elastic but also can be plastically deformed. Thus, in a 
preferred embodiment of the present invention, a cable for a 
retrieval device is made entirely of a precursor alloy core and 
precursor alloy strands. It is contemplated that the strands and 
the core can be made of identical precursor alloy or different 
precursor alloys. If different precursor alloys are used, it is 
preferred to select Wire dimensions and types such that the 
Wires exhibit similar deformations When subjected to a given 
load. In either case, the cable Will experience neither unWind 
ing nor excessive deformation as Would a cable that includes 
superelastic strands. Furthermore, using a consistent material 
con?guration for both the strands and the core Would elimi 
nate problems associated With elongation of the core relative 
to the surrounding strands leading to permanent damage to 
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the basket. Finally, a cable made entirely of Wires of the same 
precursor alloy material facilitates the manufacturing pro 
cess. 

[0027] Reference Will noW be made in detail to the present 
exemplary embodiments of the invention, examples of Which 
ate illustrated in FIGS. 2 and 3. Wherever possible, the same 
reference numbers Will be used throughout the drawings to 
refer to the same or like parts. 

[0028] In accordance With embodiments of the present 
invention, an endoscopic retrieval device 5 is formed from a 
stranded cable having the basic con?guration shoWn in either 
FIG. 2a or FIG. 2b. FIG. 2a shoWs a cross-section ofcable of 
a ?rst embodiment of the device 5. A cable 1 includes a core 
mono?lament Wire 2 made of precursor alloy. Surrounding 
core Wire 2 are strands 3 of stainless steel Wire. Due to the 
presence of the precursor alloy core Wire 2, device 5 suffers 
from less deformation problems than does a conventional 
device of this type that includes a superelastic core. This is 
because, as previously discussed, precursor alloys exhibit less 
elongation than do superelastic materials and therefore dif 
ferences in the elongation betWeen surrounding strands 3 and 
core Wire 2 Will be minimized. 

[0029] FIG. 2b shoWs a more preferred embodiment of a 
stranded cable for use in the endoscopic retrieval device 5. In 
this embodiment, a cable 1' includes a core Wire 2' made of a 
precursor alloy as in FIG. 2a. HoWever, surrounding strands 3' 
in this embodiment also are formed of precursor alloy, either 
of identical or different precursor alloy material as core Wire 
2'. As discussed previously, this embodiment is preferred 
because the cables made entirely of precursor alloy Wires 
(core and strands) Will not unWind and are capable of trans 
ferring greater stress to objects Without deforming. Addition 
ally, cables made of entirely of the same precursor alloy 
alleviate deformation problems associated With different 
rates of elongation betWeen the core and strands. When 
selecting Wires of different precursor alloys, it is preferable to 
impart consistent mechanical properties to the cable. A per 
son having ordinary skill in the art Would realiZe that such 
consistency can be achieved by varying such factors as, for 
example, the nature of the alloys of the surrounding strands 
and core Wire, relative dimensions of the core Wire and the 
surrounding strands, the Winding pattern of the strands 
around the core Wire, and the post processing of the cable. 
[0030] FIGS. 2a and 2b shoW six surrounding Wire strands 
3 and 3', respectively. Preferably, there are at least ?ve sur 
rounding Wire strands 3 or 3'. HoWever, it is contemplated that 
the number of surrounding strands can be varied in accor 
dance With the particular use for the device or the desired 
characteristics of the cable. 
[0031] In both FIGS. 2a and 2b, the precursor alloy is in a 
martensitic phase at room temperature to body temperature. 
The precursor alloy can, be a precursor Nitinol or other mate 
rial exhibiting like properties and knoWn to those having 
ordinary skill in the art. Such other precursor alloys that may 
be used include, for example, Silver-Cadmium, Gold-Cad 
mium, Gold-Copper-Zinc, Copper-Zinc, Copper-Zinc-Alu 
minum, Copper-Zinc-Tin, Copper-Zinc-Xenon, Iron-Beryl 
lium, Iron-Platinum, Indium-Thallium, Iron-Manganese, 
Nickel-Titanium-Vanadium, Iron-Nickel-Titanium-Cobalt, 
and Copper-Tin. 
[0032] In one preferred form of the invention, the overall 
diameter of the cable is approximately 0.017 inches. The 
materials used for the precursor alloy, the number of strands 
forming the cable, and the overall diameter of the cable can be 
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modi?ed according to the particular use or desired character 
istics of the device. The selection of these parameters Would 
be obvious to one having ordinary skill in the art. 
[0033] FIG. 3 shoWs the overall construction of endoscopic 
retrieval device 5. Typically, four cables 1 or 1' form basket 6. 
HoWever, any number of cables can be used and Would be 
obvious to one having ordinary skill in the art depending on 
the use or desired characteristics of the basket. A bullet 
shaped nosepiece 7 can be attached to a distal end of device 5 
to improve guidance of device 5 during use, as Well as to 
secure cables 1 or 1' to each other. A coupling tube 8, attached 
to a proximal end of basket 6, also facilitates manipulation of 
device 5 during the retrieval process. Coupling tube 8 also 
could take the form of a cannula, in Which case basket 6 Would 
retract into the cannula prior to retrieval. 
[0034] Laser Welding represents one preferred mode of 
attachment of bullet-shaped nosepiece 7 and coupling tube 8 
to basket 6. HoWever, other suitable attachment methods 
knoWn to those skilled in the art are Within the scope of the 
present invention. Device 5 is used to traverse narroW pas 
sages to retrieve, crush, and remove foreign objects Within the 
body. Device 5 can be deployed from a cannula or traverse 
independently through the body, collapsing and deploying as 
necessary. Device 5 also may be used repeatedly to retrieve, 
crush, and remove foreign objects. 
[0035] The manufacture of device 5 ?rst involves forming 
cables 1, 1'. To form these cables, a precursor alloy Wire is 
supplied as the core Wire and surrounding strands of Wire are 
placed approximately evenly-spaced around the perimeter of 
the core Wire. Surrounding strands Wrap around the core in an 
essentially helical fashion along its length. The strands can be 
Wrapped clockWise, counterclockWise, or any combination 
thereof, depending on the desired properties of the cable. A 
preferred embodiment has strands Wrapping clockWise 
around the core Wire, similar to threads of a right-hand screW. 
The cable can then be rotary sWaged, Which helps to 
straighten it and increase its column strength. As discussed 
With reference to FIGS. 2a and 2b, the surrounding strands 
can be made of stainless steel or other like, suitable material, 
or most preferably precursor alloy. 
[0036] Several cables, preferably approximately four 
cables 1 or 1', are then bent past the yield point of either the 
precursor alloy or stainless steel to form basket 6. After form 
ing basket 6, cables 1 or 1' are joined together at one end, 
through Welding or other suitable joining method knoWn to 
those skilled in the art. Laser Welding cables 1 or 1' to cou 
pling tube 8 or, if desired, to the retractable portion of a 
retaining cannula, represents another method to connect and 
secure the cables to each other. As discussed With reference to 
FIG. 3, a no sepiece can be laser Welded, or otherWise attached 
in any suitable manner, to the end of basket 6 to guide device 
5 through the body. It is important that during Welding or 
other connecting operations involving heat, that temperature 
is controlled to prevent heat treating the cable such that the 
precursor alloys are converted to superelastic materials. 
[0037] The stranded cable con?guration used in the 
retrieval device according to the present invention provides 
the durability necessary to perform lithotripsy and dilation 
and be repeatedly employed for retrieval processes. Incorpo 
rating precursor alloy Wire into the cable as opposed to a 
superelastic material such as Nitinol enables the device to be 
manufactured Without heat treatment processes. Additionally, 
because precursor alloys do not exhibit the extreme elonga 
tion characteristic of superelastic materials, problems of per 
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manent deformation are alleviated When surrounding stain 
less steel Wire strands are used to form the cable. Using 
precursor alloys also alloWs for the manufacture of a cable 
comprised entirely of precursor alloy Wire, including the sur 
rounding strands and the core. Whether identical precursor 
alloy is used for both, or the precursor alloy used for the 
strands differs from that used for the core, the device Will be 
capable of transferring greater stress to objects Without defor 
mation and Will not unWind. Additionally, using the same 
precursor alloy for both the strands and the core facilitates 
overall manufacture of the device and provides a device of 
consistent characteristics that Will not deform due to disparate 
elongation properties Within the cables. 
[0038] Although the use of a basket type retrieval device 
has been discussed and shoWn in the Figures, it is contem 
plated that the device can be of the snare type. A snare made 
of the precursor alloys discussed above Would retain its shape 
better than conventional stainless steel snare devices. Further 
more, although most of the above discussion pertains to using 
the inventive device to remove gallstones, it should be appre 
ciated that the devices can be used for removing a variety of 
other foreign objects having various locations Within the 
body. 
[0039] It Will be apparent to those skilled in the art from 
consideration of the speci?cation and practice of the inven 
tion disclosed herein that various modi?cations and varia 
tions can be made in the endoscopic retrieval device formed 
of precursor alloy cable of the present invention. Therefore, 
the invention in its broader aspects is not limited to the spe 
ci?c details and illustrative examples shoWn and described in 
the speci?cation. It is intended that departures may be made 
from such details Without departing from the true spirit or 
scope of the general inventive concept as de?ned by the 
folloWing claims and their equivalents. 
What is claimed is: 
1. A medical device for use in a body lumen, comprising: a 

self-expanding body formed from struts having a compressed 
state and an expanded state; the body including a cold formed 
nickel-titanium alloy having a transformation temperature 
greater than a mammalian body temperature, Wherein the 
nickel-titanium alloy exhibits linear pseudoelasticity regard 
less of stress applied to the body; and a sheath at least partially 
enclosing the body in the compressed state. 

2. The medical device of claim 1, Wherein the transforma 
tion temperature includes at least one of AS andAfthat is >37° 
C. 

3. The medical device of claim 1, Wherein the body has 
been heat treated and a hysteresis curve of the nickel-titanium 
alloy does not include a stress plateau. 

4. The medical device of claim 1, Wherein the nickel 
titanium alloy is pseudo elastic When stressed Without onset 
of stress-induced martensite. 

5. The medical device of claim 1, Wherein the body 
assumes a shape imparted by cold forming. 

6. The medical device of claim 5, Wherein the cold forming 
occurs beloW the recrystallization temperature of the alloy. 

7. The medical device of claim 1, Wherein the body 
includes a thin Wall. 
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8. The medical device of claim 1, Wherein the nickel 
titanium alloy includes a ternary element selected from the 
group of chemical elements consisting of: palladium, plati 
num, chromium, iron, cobalt, vanadium, manganese, boron, 
copper, aluminum, tungsten, tantalum, or Zirconium. 

9. The medical device of claim 1, Wherein the nickel 
titanium alloy does not undergo a phase transformation When 
the body is stressed. 

10. A medical device for use in a body lumen, comprising: 
a self-expanding body formed from struts; the body including 
a cold formed nickel-titanium alloy, Wherein the nickel-tita 
nium alloy is in a martensitic phase When the body is stressed 
into a ?rst shape and When the body is stress relieved to a 
second shape, and Wherein the nickel-titanium alloy has a 
transformation temperature >37° C.; and a sheath at least 
partially enveloping the body in its ?rst shape. 

11. The medical device of claim 10, Wherein the nickel 
titanium alloy does not include stress-induced martensite in 
the ?rst shape, the second shape, and transitioning therebe 
tWeen. 

12. The medical device of claim 10, Wherein a stress-strain 
hysteresis curve for the nickel-titanium alloy does not include 
a stress plateau. 

13. The medical device of claim 10, Wherein the body 
includes a thin Wall and includes an opening therethrough. 

14. The medical device of claim 10, Wherein the body 
includes loW temperature heat treating. 

15. The medical device of claim 14, Wherein the heat treat 
ing includes heating the alloy up to 350° C. inclusive for up to 
?ve minutes inclusive. 

16. A method of providing a medical device for use in a 
body lumen, comprising: providing struts including a cold 
formed nickel-titanium alloy; setting a transformation tem 
perature >37° C.; cold forming the struts into a body having a 
shape; stressing the body into a ?rst shape Wherein the nickel 
titanium alloy is in a martensitic phase; providing a sheath; 
disposing the body in the ?rst shape at least partially inside 
the sheath; and deploying the body from the sheath to stress 
relieve the body into a second shape, Wherein the nickel 
titanium alloy remains in the martensitic phase. 

17. The method of claim 16, Wherein the method includes 
stressing the body into the ?rst shape and at least partially 
WithdraWing the body into the sheath. 

18. The method of claim 16, Wherein stressing the body 
into the ?rst shape does not create stress-induced martensite 
in the alloy. 

19. The method of claim 16, Wherein the transformation 
temperature includes AS>37o C. 

20. The method of claim 16, Wherein the nickel-titanium 
alloy exhibits linear pseudoelasticity When stressed. 

21. The method of claim 16, Wherein the nickel-titanium 
alloy includes a ternary element selected from the group of 
chemical elements consisting of: palladium, platinum, chro 
mium, iron, cobalt, vanadium, manganese, boron, copper, 
aluminum, tungsten, tantalum, or Zirconium. 

* * * * * 


