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Description

[0001] The presentinvention generally relates to intra-
vascular guide wires. In particular, the present invention
relates to intravascular guide wires having adjustable
flexibility.

[0002] Intravascular guide wires are often used to fa-
cilitate the delivery of therapeutic and diagnostic devices
to remote vascular sites in the human body. In particular,
intravascular guide wires are used to navigate through a
patient’s vasculature from a convenient location outside
the patient’s body, to a target site inside the patient’s
body requiring diagnosis and/or therapy. Once access
to the target site has been provided by the guide wire, a
therapeutic or diagnostic device (e.g., catheter) may then
be advanced over the guide wire to the target site, and
the desired therapeutic or diagnostic steps may be per-
formed.

[0003] To facilitate navigation in tortuous vasculature,
it is desirable that the guide wire have a relatively flexible
distal end. To provide good support for devices advanced
over the guide wire, it is desirable that the guide wire
have arelatively stiff distal end. Conventional guide wires
typically address these competing needs by establishing
a compromise in flexibility and stiffness. However, it
would be desirable to have a guide wire that does not
compromise these competing needs.

[0004] To address these needs, the present invention
provides a guide wire that has a distal portion with ad-
justable flexibility. The guide wire includes a distal poly-
meric member and a heat source. The heat source may
be activated by a power supply, which causes the poly-
meric member to increase in temperature, to thereby in-
crease the flexibility of the distal portion of the guide wire.
The polymeric member may comprise a shape memory
polymer having a glass transition temperature, wherein
the increase in temperature is across the glass transition
temperature.

[0005] The increase in flexibility of the distal portion of
the guide wire enhances the ability of the guide wire to
navigate vasculature of varying degrees of tortuosity. Af-
ter the guide wire has been navigated to the target site,
the heat source may be deactivated, which causes the
polymeric member to decrease in temperature, to there-
by increase the stiffness of the distal portion of the guide
wire and provide enhanced support for devices advanced
thereon.

[0006] Figure 1 is a plan view of a guide wire system,
including a guide wire, a controller/power source and a
coupling/lead therebetween, in accordance with an ex-
emplary embodiment of the present invention; and
Figure 2is alongitudinal cross-sectional view taken along
line 2-2in Figure 1, illustrating in detail the distal portion
of the guide wire shown in Figure 1.

[0007] The following description should be read with
reference to the drawings wherein like reference numer-
als indicate like elements throughout the several views.
The detailed description and drawings illustrate embod-

10

15

20

25

30

35

40

45

50

55

iments by way of example, not limitation.

[0008] Refer now to Figure 1 which illustrates a guide
wire system in accordance with an exemplary embodi-
ment of the present invention. The guide wire system
includes a guide wire 10 connected to a controller and
power source 50 by a coupling 40 and lead 60.

[0009] Guide wire 10 includes an elongate shaft 12
having a proximal portion 14 and a distal portion 16. Distal
portion 16 includes a soft atraumatic tip 18. The proximal
portion 14 of the shaft 12 is relatively stiff to provide push-
ability and torquability, and the distal portion 16 has ad-
justable flexibility to provide trackability in navigating tor-
tuous vasculature and support for devices advanced
thereover.

[0010] Except as described herein and implicit in the
drawings, the guide wire 10 may have conventional di-
mensions and may be formed of conventional materials
using conventional techniques known for intravascular
guide wires used to navigate the human vasculature to
remote locations including, but not limited to, the neurov-
asculature, the coronary vasculature, and the peripheral
vasculature.

[0011] As will be discussed in more detail with refer-
ence to Figure 2, the distal portion 16 of the guide wire
10 includes a heat source that is thermally connected to
a polymeric member that increases in flexibility when
heated, and increases in stiffness (e.g., returns to its
nominal flexibility or stiffness at body temperature) when
cooled. Thus, by activating or deactivating the heat
source, the flexibility of the polymeric member, and thus
the flexibility of the distal portion 16, may be adjusted.
For example, the flexibility of the distal portion 16 may
be increased by activating the heat source, which en-
hances the ability of the guide wire 10 to navigate tortuous
vasculature to a target site. After the guide wire 10 has
been navigated to the desired target site, the heat source
may be deactivated to cause the distal portion 16 to in-
crease in stiffness, which enhances guide wire 10 sup-
port provided for devices (e.g., catheters) advanced ther-
eon.

[0012] To control activation and deactivation of the
heat source, a controller/power supply 50 is connected
by lead 60 to a coupling 40 which is releasably and ro-
tatably connected to the proximal portion 14 of the guide
wire shaft 12. Controller/power supply 50 may comprise
a conventional power supply with conventional control
circuitry to provide a constant or modulated AC or DC
signal. The signal is transmitted by lead 60, which may
comprise two (or more) conductors. The conductors in
the lead 60 may be connected to leads in the shaft 12 of
the guide wire by coupling 40. Coupling 40 may be re-
movable to permit devices such as catheters to be ad-
vanced over the proximal end of the guide wire 10. Cou-
pling 40 may also be rotatable to permit the guide wire
to be rotated and steered during intravascular navigation.
[0013] Refer now to Figure 2 which illustrates in detail
certain aspects of the distal portion 16 of the guide wire
10, which may be in common with certain aspects of the
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proximal portion 14. As seen in Figure 2, the shaft 12
includes a hypotube 22 which may comprise, for exam-
ple, stainless steel or a super elastic metal such as a
nickel titanium alloy, Nitinol, MP35N, Inconel, etc. The
hypotube 22 may extend from the proximal end of the
guide wire shaft 12, and may include an outer sleeve 24
comprising a polymer such as polyurethane. A tapered
core wire 26 may extend through the lumen in the hypo-
tube 22, and may comprise stainless steel or a super
elastic metal such as a nickel titanium alloy, Nitinol,
MP35N, Inconel, etc. The distal end of the hypotube 22
in the region of the distal tip 18 may be helically slotted
28 to enhance flexibility. The distal end of the core wire
26 may be welded to the distal end of the slotted portion
28 of the hypotube 22 to form an atraumatic weld ball 30.
[0014] As mentioned previously, the distal portion 16
of the guide wire shaft 12 includes a heat source. In this
particular example, the heat source comprises a resistive
element 32. Resistive element 32 may comprise a tung-
sten or steel alloy that may be formed into a coil and
heated by electro-resistive heating. Heater coil 32 may
be disposed between adjacent turns in the slotted portion
28 of the hypotube 22. The resistive heater coil 32 is
connected to insultated leads 34 which may be disposed
in the lumen of the hypotube 22 around the core wire 26.
Leads 34 are connected to coupling 40, which in tum is
connected to controller/power supply 50 via lead 60.

[0015] A polymeric outer tube 36 may be disposed
about the resistive heater coil 32, and a polymeric inner
tube 38 may be provided to support the heater coil 32.
The polymeric outer tube 36 and/or the polymeric inner
tube 38 may be formed of a polymer that changes in
stiffness when heated. For example, the polymeric outer
tube 36 and/or the polymeric inner tube 38 may be formed
of a polymer that is relatively stiff at temperatures at or
below body temperature (37°C or less) and relatively flex-
ible at temperatures above body temperature. For exam-
ple, a polymer may be selected with a glass transition
temperature (Tg) that is above body temperature, such
that heating the polymer above T results in the distal
portion 16 of the guide wire 10 becoming relatively more
flexible, and cooling the polymer below Tg, even when
the guide wire 10 is disposed in the patient’s body, results
in the distal portion 16 of the guide wire 10 becoming
relatively more stiff. In a preferred embodiment, the pol-
ymeric outer tube 36 and/or the polymeric inner tube 38
may be formed of a shape memory polymer (SMP) such
as a shape memory polyurethane available from Mitsubi-
shi. Other examples of suitable SMPs include polynor-
bornenes, polycaprolactones and copolymers thereof
available from Pnemoscience. Some SMPs, such as pol-
ynorbomene, may change flexibility without changing
temperature across Tg. Such SMPs may be above Ty at
room temperature or body temperature, and may exhibit
SMP characteristics at or near the melttemperature (T,).
[0016] It should be understood that this disclosure is,
in many respects, only illustrative. Changes may be
made in details, particularly in matters of shape, size,
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arrangement of parts and order of steps without departing
from the scope of the invention. The invention’s scope
is, of course, defined in the language in which the ap-
pended claims are expressed.

Claims
1. A variable stiffness guide wire, comprising:

a guide wire shaft including a proximal portion
and a distal portion having a flexibility;

a polymeric member disposed on the distal por-
tion of the shaft; and

a heat source in thermal communication with the
polymeric member, whereby activation of the
heat source causes the polymeric member to
change the flexibility of the distal portion of the
guide wire shaft.

2. Avariable stiffness guide wire as in claim 1, wherein
the polymeric member has a first flexibility at a first
temperature and a second flexibility at a second tem-
perature, wherein the first temperature is less than
the second temperature and the first flexibility is less
than the second flexibility; and whereby activation of
the heat source causes the polymeric member to
rise from the first temperature to the second temper-
ature to thereby change the flexibility of the distal
portion of the guide wire.

3. Avariable stiffness guide wire as in claim 1, wherein
the polymeric member comprises a shape memory
polymer.

4. Avariable stiffness guide wire as in claim 3, wherein
activation of the heat source causes the shape mem-
ory polymer to change temperature.

5. Avariable stiffness guide wire as in claim 4, wherein
the shape memory polymer has a glass transition
temperature, and wherein the change in temperature
is across the glass transition temperature.

6. Avariable stiffness guide wire as in claim 4, wherein
the shape memory polymer has a glass transition
temperature, and wherein the change in temperature
is near the melt temperature.

7. Avariable stiffness guide wire as in claim 1, wherein
the heat source comprises a resistive heating ele-
ment.

8. Avariable stifness guide wire as in claim 7, wherein
the distal portion of the shaft includes a tip portion.

9. Avariable stiffness guide wire as in claim 8, wherein
the tip portion includes the polymeric member and
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resistive heating element.

A variable stiffness guide wire as in claim 9, wherein
the polymeric member comprises a tube.

Avariable stiffness guide wire as in claim 10, wherein
the resistive heating element comprises a coiled
wire.

A variable stiffness guide wire as im claim 11, further
comprising one or more lead wires connected to and
extending proximally from the coiled wire.

A variable stiffness guide wire as in claim 12, where
in the polymeric tube is disposed on the coiled wire.

Avariable stiffness guide wire as in claim 13, wherein
a core wire extends through the tip portion.

Avariable stiffness guide wire as in claim 14, wherein
the proximal portion of the guide wire shaft includes
a hypotube.

Avariable stiffness guide wire as in claim 15, wherein
the distal portion of the guide wire shaft includes a
slotted hypotube.

Avariable stiffness guide wire as in claim 16, wherein
the coiled wire is disposed in the slots of the slotted
hypotube.

A variable stiffness guide wire system, comprising:

the variable stiffness guidewire asinclaim 1; and
a power supply connected to the heat source,
whereby activation of the heat source by the
power supply causes the polymeric member to
change the flexibility of the distal portion of the
guide wire.

Patentanspriiche

1.

2

FUhrungsdraht mit variabler Steifigkeit, der aufweist:

einen Fuhrungsdrahtschaft mit einem proxima-
len Abschnitt und einem distalen Abschnitt mit
einer Flexibilitat;

ein Polymerteil, das am distalen Abschnitt des
Schafts angeordnet ist; und

eine Warmequelle in Warmeubertragungsver-
bindung mit dem Polymerteil, wodurch eine Ak-
tivierung der Warmequelle bewirkt, daf® das Po-
lymerteil die Flexibilitdt des distalen Abschnitts
des Fiihrungsdrahtschafts andert.

FUhrungsdraht mit variabler Steifigkeit nach An-
spruch 1, wobei das Polymerteil eine erste Flexibilitét
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10.

1.

12,

13.

bei einer ersten Temperatur und eine zweite Flexi-
bilitdt bei einer zweiten Temperatur hat, wobei die
erste Temperatur kleiner als die zweite Temperatur
ist und die erste Flexibilitat kleiner als die zweite Fle-
xibilitét ist; und wodurch eine Aktivierung der War-
mequelle bewirkt, daf} die Temperatur des Polymer-
teils von der ersten Temperatur zur zweiten Tempe-
ratur ansteigt, um dadurch die Flexibilitat des dista-
len Abschnitts des Flhrungsdrahts zu andern.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 1, wobei das Polymerteil ein Formgedacht-
nispolymer aufweist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 3, wobei eine Aktivierung der Warmequelle
bewirkt, dall das Formgedachtnispolymer die Tem-
peratur andert.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 4, wobei das Formgedachtnispolymer eine
Glasiibergangstemperatur hat und wobei die Ande-
rung der Temperatur Uber die Glastibergangstem-
peratur hinweg erfolgt.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 4, wobei das Formgedachtnispolymer eine
Glasiibergangstemperatur hat und wobei die Ande-
rung der Temperatur nahe der Schmelztemperatur
ist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 1, wobei die Warmequelle ein Widerstands-
heizelement aufweist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 7, wobei der distale Abschnitt des Schafts
einen Spitzenabschnitt aufweist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 8, wobei der Spitzenabschnitt das Polymer-
teil und das Widerstandsheizelement aufweist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 9, wobeidas Polymerteil eine R6hre aufweist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 10, wobei das Widerstandsheizelement ei-
nen gewendelten Draht aufweist.

Fuhrungsdraht mit variabler Steifigkeit nach An-
spruch 11, ferner mit einem oder mehreren An-
schluRdrahten, die mit dem gewendelten Draht ver-
bunden sind und sich proximal von diesem erstrek-
ken.

Fuhrungsdraht mit variabler Steifigkeit nach An-
spruch 12, wobei die Polymerréhre auf dem gewen-
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delten Draht angeordnet ist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 13, wobei sich ein Kerndraht durch den Spit-
zenabschnitt erstreckt.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 14, wobei der proximale Abschnitt des Fiih-
rungsdrahtschafts eine Hypotube aufweist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 15, wobei der distale Abschnitt des Fuh-
rungsdrahtschafts eine geschlitzte Hypotube auf-
weist.

Fihrungsdraht mit variabler Steifigkeit nach An-
spruch 16, wobei der gewendelte Drahtin den Schlit-
zen der geschlitzten Hypotube angeordnet ist.

Fuhrungsdrahtsystem mit variabler Steifigkeit, das
aufweist:

den Fiihrungsdraht mit variabler Steifigkeit nach
Anspruch 1; und

eine Stromversorgung, die mitder Warmequelle
verbunden ist, wodurch eine Aktivierung der
Warmequelle durch die Stromversorgung be-
wirkt, daR® das Polymerteil die Flexibilitat des di-
stalen Abschnitts des Filhrungsdrahts andert.

Revendications

1.

Fil de guidage a rigidité variable, comprenant :

un arbre de fil de guidage comprenant une partie
proximale et une partie distale présentant une
souplesse ;

un élément polymérique disposé sur la partie
distale de I'arbre ; et

une source de chaleur en communication ther-
mique avec I'élément polymérique, moyennant
quoi I'activation de la source de chaleur améne
I'élément polymérique a modifier la souplesse
de la partie distale de I'arbre de fil de guidage.

Fil de guidage a rigidité variable selon la revendica-
tion 1, dans lequel I'élément polymérique a une pre-
miére souplesse a une premiére température et une
deuxiéme souplesse a une deuxieme température,
dans lequel la premiére température est inférieure a
la deuxieme température et la premiére souplesse
est inférieure a la deuxieme souplesse ; et moyen-
nant quoi I'activation de la source de chaleur améne
I’élément polymérique a s’élever de la premiére tem-
pérature a la deuxieme température pour, de ce fait,
modifier la souplesse de la partie distale du fil de
guidage.
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3.

10.

1.

12,

13.

14.

15.

Fil de guidage a rigidité variable selon la revendica-
tion 1, dans lequel I'élément polymérique comprend
un polymére a mémoire de forme.

Fil de guidage a rigidité variable selon la revendica-
tion 3, dans lequel'activation de la source de chaleur
ameéne le polymére a mémoire de forme a changer
de température.

Fil de guidage a rigidité variable selon la revendica-
tion 4, dans lequel le polymére & mémoire de forme
a une température de transition vitreuse, et dans le-
quel le changement de température croise la tem-
pérature de transition vitreuse.

Fil de guidage a rigidité variable selon la revendica-
tion 4, dans lequel le polymére & mémoire de forme
a une température de transition vitreuse, et dans le-
quel le changement de température est proche de
la température de fusion.

Fil de guidage a rigidité variable selon la revendica-
tion 1, dans lequel la source de chaleur comprend
un élément chauffant résistif.

Fil de guidage a rigidité variable selon la revendica-
tion 7, dans lequel la partie distale de I'arbre com-
prend une partie d’extrémité.

Fil de guidage a rigidité variable selon la revendica-
tion 8, dans lequel la partie d’extrémité comprend
I’élément polymérique et I'élément chauffant résistif.

Fil de guidage a rigidité variable selon la revendica-
tion 9, dans lequel I'élément polymérique comprend
un tube.

Fil de guidage a rigidité variable selon la revendica-
tion 10, dans lequel I'élément chauffant résistif com-
prend un fil spiralé.

Fil de guidage a rigidité variable selon la revendica-
tion 11, comprenant en outre un ou plusieurs fils con-
ducteurs connectés au fil spiralé et s’étendant a
proximité de celui-ci.

Fil de guidage a rigidité variable selon la revendica-
tion 12, dans lequel le tube polymérique est disposé
sur le fil spiralé.

Fil de guidage a rigidité variable selon la revendica-
tion 13, dans lequel un fil central s’étend a travers la
partie d’extrémité.

Fil de guidage a rigidité variable selon la revendica-
tion 14, dans lequel la partie proximale de I'arbre de
fil de guidage comprend un hypotube.
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Fil de guidage a rigidité variable selon la revendica-
tion 15, dans lequel la partie distale de I'arbre de fil
de guidage comprend un hypotube a fentes.

Fil de guidage a rigidité variable selon la revendica-
tion 16, dans lequel le fil spiralé est disposé dans les
fentes de I'hypotube a fentes.

Systéme de fil de guidage a rigidité variable,
comprenant :

le fil de guidage a rigidité variable selon la re-
vendication 1 ; et

une alimentation connectée a la source de cha-
leur, moyennant quoi I'activation de la source
de chaleur par l'alimentation améne I'élément
polymérique a modifier la souplesse de la partie
distale du fil de guidage.
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