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7) ABSTRACT

A sensor guide wire for an intravascular measurement of a
physiological variable in a living body includes a sensor
region in a distal part of the sensor guide wire, a sensor
element arranged in the sensor region, a male connector at
a proximal part of the sensor guide wire, a least one
electrical micro-cable connecting the male connector to the
sensor element, and an elongated guide wire body arranged
between the sensor region and the male connector. The at
least one electrical micro-cable extends essentially helically
around the guide wire body along the length of at least a part
of the guide wire.
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1
SENSOR GUIDE WIRE WITH
MICRO-CABLE WINDING

FIELD OF THE INVENTION

The present invention relates to a sensor guide wire for
intravascular measurements of a physiological variable in a
living body.

BACKGROUND OF THE INVENTION

In many medical procedures, various physiological con-
ditions present within a body cavity need to be monitored.
These physiological conditions are typically physical in
nature—such as pressure, temperature, rate-of-fluid flow,
and provide the physician or medical technician with critical
information as to the status of a patient’s condition.

One device that is widely used to monitor conditions is the
blood pressure sensor. The sensor is typically included in a
guide wire for intravascular measurements. A blood pressure
sensor senses the magnitude of a patient’s blood pressure,
and converts it into a representative electrical signal that is
transmitted to the exterior of the patient. For most applica-
tions it is also required that the sensor is electrically ener-
gized.

Some means of signal and energy transmission is thus
required, and most commonly extremely thin electrical
cables are provided inside the guide wire, which itself is
provided in the form of a tube (in the order of 0.35 mm in
outer diameter), oftentimes made of stainless steel. In order
to increase the bending strength of the tubular guide wire, a
core wire is positioned inside the tube. The mentioned
electrical cables are positioned in the space between the
inner lumen wall and the core wire.

A large flexibility of the sensor guide is advantageous in
that it allows the sensor guide to be introduced into small
and tortuous vessels. It should, however, also be recognized
that if the core wire is too flexible, it would be difficult to
push the sensor guide forward into the vessels, i.e. the sensor
guide must possess a certain “pushability”. Furthermore, the
sensor guide must be able to withstand the mechanical stress
exerted on the core wire especially in sharp vessel bends.

EP patent 1 475 036, assigned to the same assignee as in
the present application, shows a sensor wire assembly,
where electrical micro-cables extend along a core wire and
along the length of a guide wire. One drawback with this
design is that the guide wire when rotated has a tendency to
store the elastic energy or the built up torque and release it,
resulting in a rotational whipping.

The object of the present invention is to achieve an
improved sensor guide wire that has a more predictable
movement pattern compared to prior art sensor guide wires.

SUMMARY OF THE INVENTION

The above-mentioned object is achieved by a sensor guide
wire for intravascular measurements of a physiological
variable in a living body, comprising a sensor region in a
distal part of the sensor guide wire, a sensor element
arranged in said sensor region, a male connector at a
proximal part of the sensor guide wire, a least one electrical
micro-cable connecting the male connector to the sensor
element, and an elongated guide wire body arranged
between the sensor region and the male connector, wherein
the at least one electrical micro-cable extends essentially
helically around the guide wire body along the length of at
least a part of the guide wire.
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The inventor has realized that the stored energy or the
build up torque that when released may result in a whipping,
depends inter alia of non-symmetric geometry of the sensor
guide wire and that the core wire is relatively thin in relation
to the sensor guide wire. A solution to this problem accord-
ing to the present invention is to make the sensor guide wire
rotationally symmetric, or at least construct the sensor guide
wire such that the sensor guide wire behaves as it was
rotationally symmetric when guided in bent vessel geometry
vessels, by winding the micro-cable around the guide wire
body. This arrangement gives the guide wire a quasi-rota-
tional symmetry and prevents the tendency to build up
torque. This also makes it possible to make the core wire
thicker in some embodiments. The steerability of the guide
wire is thus also improved.

When the expression “electrical micro-cable” is used, it
means a very thin electrical cable.

SHORT DESCRIPTION OF THE APPENDED
DRAWINGS

FIG. 1 shows a sensor and guide wire 1 assembly divided
in different regions.

FIG. 2 shows a first embodiment of the present invention.

FIG. 3 is a longitudinal cross-section of a region taken
along A-A in FIG. 2.

FIG. 4 shows an oblique transverse cross-section of the
sensor guide wire taken along B-B in FIG. 2.

FIG. 5 shows a second embodiment of the present inven-
tion.

FIG. 6 is a longitudinal cross-section of a region taken
along A-A in FIG. 5.

FIG. 7 shows a third embodiment of the present invention.

FIG. 8 is a longitudinal cross-section of a region taken
along A-A in FIG. 7.

FIG. 9 shows a transverse cross-section of the sensor
guide wire taken along B-B in FIG. 7.

FIG. 10 shows a fourth embodiment of the present inven-
tion.

FIG. 11 shows a transverse cross-section of the sensor and
guide wire assembly taken along A-A in FIG. 10.

Throughout the figures the same reference sign designates
the same, or essentially the same, feature.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

With reference to FIG. 1, a sensor guide wire 1 e.g. as
exemplified by the above-mentioned EP-1 475 036 is
shown. The guide wire 1 has been divided in different
regions, a-e, where region a is the most distal region and e
is the most proximal region. The different regions are: a) Tip
region, b) Sensor region, ¢) Flexible region, d) Shaft region,
and e) Male connector region. In an exemplary embodiment,
region a) is about 10-50 mm, region b) is about 1-5 mm,
region ¢) is about 150-400 mm, region d) is about 1000-2000
mm and region ¢) is about 10-100 mm. The diameter of the
sensor guide wire 1 preferably varies between 0.25-2.5 mm;
for use in coronary arteries, the diameter is normally 0.35
mm.

The tip region includes a radioopaque tip 2, in this
embodiment in the shape of a coil. The tip region bridges to
the sensor region, which includes a sensor element 4 accom-
modated in a jacket 3. In order to power the sensor element
4 and to communicate signals representing the measured
physiological variable, one or many micro-cables or leads 9
(not shown in FIG. 1) for transmitting signals are connected
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between the sensor element 4 in the distal part of the sensor
guide wire 1 and a male connector 6 in the male connector
region in the proximal part of the guide wire 1.

In one embodiment according to the invention as illus-
trated in FIG. 2, the sensor guide wire comprises an elon-
gated guide wire body 5 arranged between the sensor region
and the male connector 6, wherein the at least one electrical
micro-cable 9 extends essentially helically around the guide
wire body 5 along the length of at least a part of the guide
wire 1. By having this arrangement, energy is principally not
built up when rotating the sensor guide wire 1 as the sensor
guide wire 1 now behaves essentially rotationally symmetri-
cal. A more predictive and reliable behaviour of the sensor
guide wire 1 is thus accomplished.

Preferably, the at least one electrical micro-cable 9
extends essentially helically around the guide wire body
with a certain pitch, and the pitch of the helical winding may
vary along the length of the guide wire 1. The narrower and
the more curved vessel into which the sensor guide wire 1
is introduced, the smaller pitch may be required in order to
obtain enough flexibility. The pitch variation is thus inter
alia based on the vessel geometry. Advantageously, the at
least one electrical micro-cable 9 extends essentially heli-
cally with 0.5-4 windings per centimetre along the length of
the guide wire 1. In a still more preferred embodiment, the
at least one electrical micro-cable 9 extends essentially
helically with 1-2 windings per centimetre along the length
of the guide wire 1. In a further embodiment, the at least on
electrical micro-cable 9 extends essentially helically along
the length of the guide wire, with a winding per length unit
that is a combination of the above described windings.

In one embodiment, the guide wire body 5 is a core wire
7 running along at least a part of the sensor guide wire 1. The
core wire is preferably made from a metal, such as stainless
steel, or a superelastic metal, e.g. Nitinol®, and may be
ground. The mechanical properties (e.g. flexibility and
strength) of the sensor guide wire 1 will mainly be deter-
mined from the material, design and dimensions of the core
wire 7.

In the embodiment illustrated in FIG. 2, the core wire 7 is
provided with one or several essentially helical grooves 10
extending along at least a part of the length of the core wire
7, to accommodate the at least one electrical micro-cable 9.
The micro-cable(s) 9 are thus disposed in the groove(s). As
no proximal tube around the core wire 7 is used, it is possible
to increase the diameter of the core wire 7 compared to core
wires in prior art sensor guide wires. Increased core diameter
is beneficial since a material in wire form in general reaches
better mechanical properties than the same material in tube
form. This increase of diameter gives further advantages
when the ability to withstand stress and pushability are
considered. The effect of this embodiment is inter alia that
the micro-cables 9 may be fixed to the core wire 7 without
any negative impact on the rotational movement (i.e. the
sensor guide wire 1 becomes “quasi symmetric” as it
behaves as it is rotationally symmetric). The grooves may be
made by machining or by forming a metal strip in a helical
manner, and may be shaped in different ways to mate with
the micro-cable(s) 9, e.g. with rounded or angular edges.

In one embodiment according to the invention the at least
one micro-cable 9 extends both accommodated in the above-
explained grooves 10 in the core wire 7, and further around
the core wire 7 in an essentially helical manner. This
embodiment is further illustrated in FIG. 2, where the
micro-cables 9 are connected to a proximal male connector
6 and extends helically in grooves 10 along the core wire 7,
and changes to extend along the core wire 7 without grooves
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in a more distal part of the sensor guide wire 1, before the
micro-cables 9 connects to the sensor element 4 in the sensor
region. FIG. 3 shows a longitudinal cross-section of a region
taken along A-A in FIG. 2, where the transition zone is
shown in detail. In an advantageous embodiment, as illus-
trated in FIGS. 2 and 3, part of the extension of the
micro-cable(s) 9 along the core wire 7 is encompassed by a
coated polymer sleeve, a coating or tubing 8. The sleeve,
coating or tubing may also cover the jacket 3 and part of the
tip 2, and may, in some cases, also encompass the at least
one micro-cable 9 extending in the grooves 10 of the core
wire 7, and also the core wire 7 itself.

According to a further embodiment, a proximal tube 13 is
arranged around the core wire 7. The core wire 7 and the
wound accommodated micro-cables 9 are then protected
under the proximal tube 13.

According to one embodiment illustrated in FIG. 5, the
guide wire body 5 is a proximal tube 13 running along at
least a part of the sensor guide wire 1. Preferably, the
proximal tube 13 is provided with one or several essentially
helical grooves along at least a part of the length of the
proximal tube 13, to accommodate the at least one electrical
micro-cable 9. In one embodiment, the grooves extend along
the whole length of the proximal tube 13. The micro-cable(s)
9 are thus disposed in the groove(s). Thus, the micro-cables
9 can be fixed relative the guide wire body 5 without
negative impact on the rotational movement, i.e. the sensor
guide wire 1 is now essentially quasi-symmetric. The
grooves may be made by machining or by forming a metal
strip in a helical manner, and may be shaped in different way
to mate with the micro-cable(s) 9, e.g. with rounded or
angular edges.

In one embodiment, when several micro-cables 9 are
used, it is possible to have grooves spaced from each other
to e.g. separate power cables and signal transmitting cables.
This embodiment can be seen from FIG. 2-6, where three
micro-cables 9 are lying next to each other, and one micro-
cable 9 is spaced a small distance from the other three. The
machining of the grooves 10 in the core wire 7 can be seen
in detail from FIG. 4, which shows an oblique transverse
cross-section of the sensor guide wire 1 taken along B-B in
FIG. 2.

In one embodiment, a core wire 7 is arranged within the
proximal tube 13. As the micro-cables 9 are accommodated
in grooves in the proximal tube 13, it is possible to increase
the diameter of the core wire 7. The outer diameter of the
sensor guide wire 1 is generally limited by the vessel
geometry and the use of other intravascular catheters, i.e at
most 0.35 mm. This possible increase in diameter gives rise
to an improved adaptability to different requirements of
withstanding stress and possessing a certain pushability. For
example, by having a thicker core wire 7, it is possible to
withstand more stress in sharp vessel bends. The tube 13
may be fixed to the core wire 7 by joints, bonding or an
adhesive, e.g. glue.

In one embodiment according to the invention, the at least
one micro-cable 9 extends both along the proximal tube 13,
accommodated in the above-explained grooves, and further
around the core wire 7 in an essentially helical manner. This
embodiment is further illustrated in FIG. 5, where the
micro-cables 9 are attached to a proximal male connector 6
and extends helically in grooves along the tube, and changes
to extend along the core wire 7 in a more distal part of the
sensor guide wire 1 before the micro-cables 9 connects to the
sensor element 4 in the sensor region. FIG. 6 shows a
longitudinal cross-section of a region taken along A-A in
FIG. 5, where the transition zone is shown in detail. In an
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advantageous embodiment, as illustrated in FIGS. 5 and 6,
part of the extension of the micro-cable(s) 9 along the core
wire 7 is encompassed by a coated polymer sleeve, a coating
or tubing 8. The sleeve, coating or tubing may also cover the
jacket 3 and part of the tip 2.

In the embodiments exemplified in the figures, the at least
one micro-cable 9 is wound helically along the sensor guide
wire 1. It is however possible to have some part or parts of
the at least one micro-cable 9 to extend essentially straight
or having another extension that deviates from the exem-
plified helically, or spirally, extending micro-cable(s) 9.
However, the requirement for having this embodiment is
that the sensor guide wire 1 maintains its essentially rota-
tional symmetrical shape and reduces the risk of having a
flip.

pThe electrical micro-cables 9, which are essentially heli-
cally wound around the guide wire body 5, may in one
embodiment illustrated in FIG. 7 be provided with support
fibres 12, in order to hold the electrical micro-cables 9 in
place in spaced relationship. Preferably the support fibres 12
are provided at each consecutive wound of the electrical
micro-cables 9. Consequently, in this embodiment it is
possible to have a larger diameter of the core wire 7 than in
conventional design. A quasi-rotational symmetry is
obtained, which renders an increased controllability of the
sensor guide wire 1 possible. In one embodiment according
to the invention as illustrated in FIG. 7, the micro-cables 9
extends helically wound both with support fibres 12 along
the guide wire body 5 and without support fibres 12 further
along a more distal part of the guide wire body 5. In a further
embodiment, the support fibres 12 are made from a high
strength high elastic modulus material, e.g. aramid or carbon
fiber.

FIG. 8 shows a longitudinal cross-section of a region
taken along A-A in FIG. 7, where the transition zone
between the windings is shown. In an advantageous embodi-
ment, as illustrated in FIGS. 7 and 8, part of the micro-
cable(s) 9 wound along the guide wire body 7 is encom-
passed by a coated polymer sleeve, a coating or tubing 8.
Preferably, the guide wire body 5 is a core wire 7. FIG. 9
shows a transverse cross-section of the sensor guide wire
taken along B-B in FIG. 7, where the core wire 7, the
wounded micro-cables and the support fibres 12 can be seen
in cross-section.

The micro-cables 9 as well as the support fibres 12 may
in one embodiment be provided with a shrink tubing 11
enclosing at least part of the micro-cables 9 and the support
fibres 12, and/or may be (thermally) bonded or glued to the
guide wire body 5.

As has been explained above in some embodiments, the
at least one electrical micro-cable 9 may be provided with a
shrink tubing enclosing at least part of the electrical micro-
cable(s) 9 and the guide wire body 5. An example of this
embodiment is illustrated in FIG. 10. This shrink tubing
protects the micro-cables 9 and the guide wire body 5 from
blood etc. in the vessels and holds the micro-cables 9 in
place. A transverse cross-section of the sensor and guide
wire assembly taken along A-A in FIG. 10 can be seen from
FIG. 11.

According to one embodiment, a coated polymer sleeve,
coating or tubing 8 covers at least part of a distal part of the
sensor guide wire 1.

In appropriate cases, the electrical micro-cable(s) 9 may
be fastened to the core wire 7 by bonding or gluing. The
micro-cable(s) 9 may also be bonded or glued to the essen-
tially helical grooves in the core wire 7 or proximal tube 13.

The present invention is not limited to the above-de-
scribed preferred embodiments. Various alternatives, modi-
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fications and equivalents may be used. Therefore, the above
embodiments should not be taken as limiting the scope of the
invention, which is defined by the appending claims.

The invention claimed is:

1. A sensor guide wire for an intravascular measurement
of a physiological variable in a living body, comprising:

a sensor region in a distal part of the sensor guide wire,

a sensor element arranged in said sensor region,

a male connector at a proximal part of said sensor guide

wire,

at least one electrical micro-cable electrically connecting

said male connector to said sensor element, and
an elongated core wire or tube arranged between said
sensor region and said male connector, wherein at least
one helical groove is formed in an outer surface of the
elongated core wire or tube so as to extend helically
along at least a part of the elongated core wire or tube,

wherein said at least one electrical micro-cable extends
helically around said elongated core wire or tube along
a length of at least part of the sensor guide wire, and

wherein at least a part of said at least one electrical
micro-cable is disposed in the helical groove of the
elongated core wire or tube.

2. The sensor guide wire according to claim 1, wherein
said at least one electrical micro-cable extends helically
around said elongated core wire or tube with a certain pitch,
and wherein said pitch of the helical extending micro-cable
varies along the length of the at least part of the sensor guide
wire.

3. The sensor guide wire according to claim 2, wherein
said at least one electrical micro-cable extends helically with
0.5-4 windings per centimeter along the length of the at least
part of the sensor guide wire.

4. The sensor guide wire according to claim 3, wherein
said at least one electrical micro-cable extends helically with
1-2 windings per centimeter along the length of the at least
part of the sensor guide wire.

5. The sensor guide wire according to claim 1,

wherein the sensor guide wire comprises the elongated

core wire,

wherein the at least one helical groove is formed in the

outer circumferential surface of the elongated core
wire, and
wherein said at least one electrical micro-cable extends
helically around said elongated core wire, and

wherein at least a part of said at least one electrical
micro-cable is disposed in the helical groove of the
elongated core wire.

6. The sensor guide wire according to claim 5,

wherein said elongated core wire includes a proximal

portion and a distal portion, a diameter of the proximal
portion being greater than a diameter of the distal
portion,
wherein the at least one helical groove is located in the
proximal portion of the elongated core wire, and

wherein the at least one electrical micro-cable is disposed
in the at least one helical groove in the proximal portion
of the elongated core wire, and the at least one elec-
trical micro-cable extends without the at least one
helical groove in the distal portion of the elongated core
wire.

7. The sensor guide wire according to claim 5, wherein a
proximal tube is arranged around said elongated core wire.

8. The sensor guide wire according to claim 1,

wherein the sensor guide wire comprises the elongated

tube,
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wherein the at least one helical groove is formed in the
outer circumferential surface of the elongated tube, and

wherein said at least one electrical micro-cable extends
helically around said elongated tube, and

wherein at least a part of said at least one electrical

micro-cable is disposed in the helical groove of the
elongated tube.

9. The sensor guide wire according to claim §,

wherein a core wire is arranged within said elongated

tube,

wherein the at least one electrical micro-cable extends

around the core wire in a location distal of the proximal
tube.

10. The sensor guide wire according to claim 9, wherein
said at least one helical groove extends along a whole length
of said elongated tube, to accommodate said at least one
electrical micro-cable.

11. The sensor guide wire according to claim 8, wherein
a core wire is arranged within said elongated tube.

12. The sensor guide wire according to claim 6, wherein
said at least one helical groove is made by machining.

13. The sensor guide wire according to claim 6, wherein
said at least one helical groove is made by forming a metal
strip in a helical manner.

14. A sensor guide wire for an intravascular measurement
of a physiological variable in a living body, comprising:

a sensor region in a distal part of the sensor guide wire,

a sensor element arranged in said sensor region,

a male connector at a proximal part of said sensor guide

wire,

a plurality of electrical micro-cables electrically connect-

ing said male connector to said sensor element, and
an elongated guide wire body arranged between said
sensor region and said male connector,

wherein said plurality of electrical micro-cables extend

helically around the elongated guide wire body along a
length of at least part of the guide wire, and

wherein the sensor guide wire further comprises at least

one support fiber that is helically wound around at least
a part of the elongated guide wire body along with the
plurality of electrical micro-cables, the at least one
support fiber holding the electrical micro-cables in
place in a spaced relationship over at least a part of the
elongated guide wire body.

15. The sensor guide wire according to claim 14, wherein
the sensor guide wire comprises a plurality of the support
fibers, and the support fibers are provided at each consecu-
tive winding of said electrical micro-cables.

16. The sensor guide wire according to claim 14, wherein
the at least one support fiber is made from aramid or carbon
fiber.

17. The sensor guide wire according to claim 1, wherein
a shrink tubing encloses at least part of said at least one
electrical micro-cable and said elongated core wire or tube.

18. The sensor guide wire according to claim 1, wherein
the at least one electrical micro-cable is fastened to the
elongated core wire or tube by bonding or gluing.

19. The sensor guide wire according to claim 1, wherein
a coated polymer sleeve, a coating or a tubing covers at least
part of the distal part of said sensor guide wire.

20. The sensor guide wire according to claim 1, wherein
the at least one electrical micro-cable has a circular cross-
section.

21. The sensor guide wire according to claim 1, wherein
the at least one electrical micro-cable is directly connected
to the sensor element.
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22. The sensor guide wire according to claim 1, wherein
the at least one electrical micro-cable has a constant cross-
section extending from the male connector to the sensor
element.

23. The sensor guide wire according to claim 1, wherein,
in at least a portion of the sensor guide wire, the at least one
electrical micro-cable is a radially outermost element of the
sensor guide wire.

24. The sensor guide wire according to claim 1, wherein
the sensor element comprises a blood pressure sensor con-
figured to sense a magnitude of a patient’s blood pressure.

25. An intravascular medical assembly, comprising:

a sensor guide wire according to claim 1; and

an intravascular catheter.

26. A sensor guide wire for an intravascular measurement
of a physiological variable in a living body, comprising:

a sensor region in a distal part of the sensor guide wire,

a sensor element arranged in said sensor region,

a male connector at a proximal part of said sensor guide

wire,

at least one electrical micro-cable electrically connected

to said male connector and electrically connected to
said sensor element, and

an elongated guide wire body arranged between said

sensor region and said male connector,

wherein said at least one electrical micro-cable extends

helically around said guide wire body along a length of
at least part of the sensor guide wire, and

wherein, in at least a portion of the sensor guide wire, the

at least one electrical micro-cable is a radially outer-
most element of the sensor guide wire.
27. The sensor guide wire according to claim 26, wherein
the at least one electrical micro-cable has a constant cross-
section extending from the male connector to the sensor
element.
28. The sensor guide wire according to claim 26, wherein
said guide wire body is a core wire running along the at least
part of the sensor guide wire, and wherein said core wire is
provided with one or more helical grooves extending along
at least part of a length of the core wire, to accommodate
said at least one electrical micro-cable.
29. The sensor guide wire according to claim 1, wherein
an overall length of the guide wire is between 1171 mm and
2555 mm.
30. The sensor guide wire according to claim 1, wherein
the external-most diameter of the sensor guide wire is
between 0.25 mm and 0.35 mm.
31. The sensor guide wire according to claim 14, wherein
each micro-cable has a constant cross-sectional area for the
entire distance that the respective micro-cable extends
between the sensor element and the male connector.
32. The sensor guide wire according to claim 14,
wherein said guide wire body includes a proximal portion
and a distal portion, a diameter of the proximal portion
being greater than a diameter of the distal portion,

wherein, the plurality of electrical micro-cables are heli-
cally wound along with the at least one support fiber in
the proximal portion of the guide wire body, and the
electrical micro-cables are helically wound without the
at least one support fiber in the distal portion of the
guide wire body.

33. A sensor guide wire for an intravascular measurement
of a physiological variable in a living body, comprising:

a sensor region in a distal part of the sensor guide wire,

a sensor element arranged in said sensor region,

a connector at a proximal part of said sensor guide wire,
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at least one signal transmitting line connecting said con-
nector to said sensor element, and

an elongated core wire or tube arranged between said
sensor region and said connector, wherein at least one
helical groove is formed in an outer surface of the
elongated core wire or tube so as to extend helically
along at least a part of the elongated core wire or tube,

wherein said at least one signal transmitting line extends
helically around said elongated core wire or tube along
a length of at least part of the sensor guide wire, and

wherein at least a part of said at least one signal trans-
mitting line is disposed in the helical groove of the
elongated core wire or tube.

34. A sensor guide wire for an intravascular measurement

of a physiological variable in a living body, comprising:

a sensor region in a distal part of the sensor guide wire,

a sensor element arranged in said sensor region,

a connector at a proximal part of said sensor guide wire,

at least one signal transmitting line connecting said con-
nector to said sensor element, and

an elongated guide wire body arranged between said
sensor region and said connector,

wherein said at least one signal transmitting line extends
helically around said guide wire body along a length of
at least part of the sensor guide wire, and

wherein, in at least a portion of the sensor guide wire, the
at least one signal transmitting line is a radially outer-
most element of the sensor guide wire.
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