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Description

Field of the invention

[0001] The present invention relates generally to sen-
sor and guide wire assemblies, in which a sensor element
is mounted at the distal end of a guide wire for intravas-
cular measurements of physiological variables in a living
body, and in particular to the design and construction of
the guide wire. The present invention also relates to a
hollow stranded wire for a sensor and guide wire assem-
bly as well as a method of modifying the mechanical prop-
erties of the hollow stranded wire.

Background of the invention

[0002] Sensor and guide wire assemblies in which a
sensor is mounted at the distal end of a guide wire are
known. In U.S. patent US Re. 35,648 which is assigned
to the present assignee, an example of such a sensor
and guide wire assembly is disclosed, where a sensor
guide comprises a sensor element, an electronic unit, a
signal transmitting cable connecting the sensor element
to the electronic unit, a flexible tube having the cable and
the sensor element disposed therein, a solid metal wire,
and a coil attached to the distal end of the solid wire. The
sensor element comprises a pressure sensitive device,
e.g. a membrane, with piezoresistive elements connect-
ed in a Wheatstone bridge-type of arrangement mounted
thereon.
[0003] The above-mentioned solid metal wire, also
called the core wire, extends from the distal end of the
sensor guide to the proximal portion, where a male con-
nector is arranged, and determines the overall mechan-
ical properties, such as flexibility, torqueability and push-
ability, of the sensor guide. Sensor and guide wire as-
semblies for intravascular measurements are generally
long, e.g. 100-300 cm, and have a small diameter, e.g.
0.35 mm. Thus, to provide the necessary stiffness and
pushability, the solid metal wire must occupy a large por-
tion of the available space inside the flexible tube, thereby
leaving a very limited space for the sensitive signal trans-
mitting conductors.
[0004] A different solution is suggested in a Japanese
patent application, which is published under no. JP
2003-265617 A and which discloses a sensor and guide
wire assembly that has no core wire. The overall me-
chanical properties are instead provided by a hollow
stranded wire, inside which electrical leads extend. Such
a hollow stranded wire is, for example, sold by Asahi
Intecc Co., Ltd. under the trademark Actone™. Besides
a distal portion of the guide wire, where a pressure sensor
is arranged inside a metallic casing, the hollow stranded
wire extends along the length of the sensor guide. No
flexible tube is therefore present in this sensor and guide
wire assembly.
[0005] Although the latter way of constructing a sensor
and guide wire assembly, with a hollow stranded wire

and without a flexible proximal tube, could work in prac-
tise, the mechanical properties of the sensor guide can
be improved.
[0006] The following documents disclose different de-
vices where hollow stranded wires are used: PATENT
ABSTRACTS OF JAPAN vol. 2003, no.12 December
2003 & JP 2003 - 265617 A; EP 1,243 283 A2, EP 0 200
919 A1 and EP 120 127 A1. The preamble of claim 1 is
based on JP 2003-265617 A.
[0007] EP 0 419 277 A1 relates to a guide wire for use
in measuring a characteristic of liquid flow in a vessel
where the guide wire is provided with a coil spring, a
proximal tube and a sensor located at the distal portion
of the coil spring.
[0008] US 6,112,598 A1 discloses a guide wire assem-
bly with a proximal tube connected to a distal spiral coil
part and a sensor placed inside a jacked located within
the coil part.

Summary of the invention

[0009] An object of the present invention is to provide
a new and improved design for a sensor and guide wire
assembly which exhibits better mechanical performance
when manoeuvred in small and tortuous vessels.
[0010] Exemplary methods for varying the stiffness of
a sensor guide manufactured according to the present
disclosure are provided.
[0011] These objects are achieved with sensor and
guide wire assembly and by a hollow stranded wire ac-
cording to the independent claim 1.
[0012] Preferred embodiments are set forth by the de-
pendent claims.
[0013] According to an example not forming part of the
present invention, a sensor and guide wire assembly
comprises a proximal male connector whose distal end
is connected to a proximal tube, a hollow stranded wire
connected to the distal end of the proximal tube, a jacket
which is connected to the distal end of the hollow strand-
ed wire and which accommodates a sensor element, a
distal coil connected to the distal end of the jacket and
provided with a distal tip, and at least one electrical lead
connecting the sensor element to the proximal male con-
nector. The hollow stranded wire extends along a restrict-
ed length of the sensor and guide wire assembly, and
determines - together with the proximal tube - the overall
mechanical properties of the sensor guide. According to
the embodiment of a sensor and guide wire assembly
according to the present invention, the sensor element
is arranged inside a hollow stranded wire, i.e. in this em-
bodiment there is no jacket provided.
[0014] The stiffness and other characteristics of a sen-
sor guide can be varied by modifying the hollow stranded
wire in different ways. To make the hollow stranded wire
more flexible, its diameter can be reduced and/or one or
several strands can be removed. To make the hollow
stranded wire stiffer, neighbouring strands can be joined.
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Brief description of the drawings

[0015]

Fig. 1 illustrates schematically an example of a sen-
sor and guide wire assembly not forming part of the
present invention.
Fig. 2 illustrates schematically an embodiment of a
sensor and guide wire assembly according to the
present invention.
Fig. 3 illustrates different exemplary ways of modi-
fying the mechanical characteristics of a hollow
stranded wire which is part of a sensor and guide
wire.
Figs. 4a-e show different type of joints for joining a
proximal tube to a hollow stranded wire in a sensor
and guide wire assembly according to the invention.

Detailed description of the invention

[0016] As outlined above, sensor and guide wire as-
semblies are known which comprise a proximal tube. The
proximal tube extends from a proximal male connector
to a jacket, inside which a sensor element is arranged.
As an alternative, a proximal tube can extend from a prox-
imal male connector to a coil, which, in turn, is connected
to such a jacket. A sensor and guide wire assembly of
this type comprises further a core wire, which extends
along essentially the entire length of the sensor and guide
wire assembly. The core wire is thereby longer than the
proximal tube, and extends from the proximal male con-
nector, through the jacket, and to the distal tip of the sen-
sor guide. A sensor assembly with this design is, for ex-
ample, disclosed in the U.S. Patent US Re. 35,648. As
also explained before, sensor and guide wire assemblies
have been suggested wherein a hollow stranded wire
extends from a proximal male connector to a distal portion
where a sensor element is arranged inside a jacket. The
hollow stranded wire provides the sensor guide with the
mechanical properties, such as stiffness, torqueability
and flexibility, that are necessary for the practical use in
tortuous vessels. This type of sensor assembly is dis-
closed in the Japanese patent publication JP
2003-265617A. According to this publication no core wire
is present in the hollow stranded wire; and it should in
particular be noted that the application JP 2003-265617A
does not suggest the use of a proximal tube in combina-
tion with a hollow stranded wire. For the purpose of the
present invention, it should be emphasized that the me-
chanical properties of a guide wire having a sensor ele-
ment mounted at a distal portion thereof are crucial in
the practical use of the sensor and guide wire assembly
in a medical operation. According to the present invention
it has been found that the incorporation of a hollow strand-
ed wire in a sensor and guide wire assembly can improve
the flexibility that is necessary for manoeuvring in small
and tortuous vessels. In contrast to the teaching of the
above-mentioned JP 2003-265617A, this hollow strand-

ed wire should, however, not extend along a major portion
of the length of the sensor guide, but should instead only
constitute a minor longitudinal portion of the sensor
guide. With this design, the performance of the sensor
guide regarding, for example, its pushability and torque-
ability is improved in comparison with a sensor guide
comprising a hollow twisted wire that extends from the
proximal male connector to the distal portion where the
sensor element is arranged. In short, the inventors of the
present invention have realized that it is not necessary
to have a hollow stranded wire that extends along essen-
tially the whole sensor assembly, and that the mechanical
properties instead are improved if a proximal tube is pro-
vided such that a hollow stranded wire only constitutes
a minor portion of the sensor guide.
[0017] Fig. 1 illustrates schematically an example of a
sensor and guide wire assembly 1 not forming part of the
present invention. The sensor assembly 1 comprises a
proximal portion 2 comprising a male connector, a flexible
proximal tube 3, a hollow stranded wire 4, a jacket or
sleeve 5, a coil 6 having a tip 7, a distal core wire 8, and
a sensor element 9, which is connected to the male con-
nector by at least one electrical lead 10. In use, the male
connector in the proximal portion 2 is inserted into a cor-
responding female connector (not shown in the figure),
such that measurement signals from the sensor element
9 can be displayed as curves or numbers on a suitable
display unit (not shown in the figure). The sensor assem-
bly 1 comprises further a so-called safety wire 11, which
is attached in the tip 7 and extends preferably to the prox-
imal connector 2. In case of an accidental break of the
sensor assembly 1 when, for example, a doctor tries to
push the sensor assembly 1 through a sharp bend in an
artery of a patient, the safety wire 11 will make it possible
to retrieve all parts of the sensor assembly 1 from the
patient’s artery. The safety wire 11 is also helpful during
manufacturing of the sensor assembly 1 in that the safety
wire 11 can act as a guide when the different parts are
assembled and threaded over each other.
[0018] The safety wire 11 may alternatively have a
shorter extension along the sensor assembly, typically
from the tip 7 to the jacket 5.
[0019] In Fig. 1, the capital letters A to E represent the
length of the different sections of the sensor guide, and
the following intervals should represent exemplifying but
realistic length of the respective sections:

A = length of tip section = 2-3 cm
B = length of sensor section = 1-3 mm
C = length of flexible section = 25-40 cm
D = length of tube section = 135-300 cm
E = length of connector section = 10-40 mm

[0020] It should in particular be noted that the length
of the flexible section C is rather small in comparison with
the total length of the sensor guide. This section C is
made up of a hollow stranded wire, for example the hollow
stranded wire sold by Asahi Intecc Co., Ltd. under the
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trademark Actone™. Such a hollow stranded wire has
high torque transmission and high kink resistance.
[0021] It can further be seen that the flexible tube con-
stitutes the major portion of the length of the sensor guide.
Such a flexible tube can be made from stainless steel
and is, for example, described in the above-mentioned
U.S. Patent US Re. 35,648. It should, however, be noted
that - in contrast to the disclosure of US Re 35,648 - there
is no core wire present in the proximal portion of a sensor
and guide wire assembly according to the present inven-
tion. This means that the walls of the flexible tube can be
made thicker without adversely limit the space available
for the sensitive electrical lead(s) extending from the sen-
sor element to the proximal connector.
[0022] The other parts of the sensor assembly 1, e.g.
the male connector, the jacket 5, the coil 6 with the tip 7,
the sensor element 9 and the least one lead 10, are all
of constructions that are well-known to a person skilled
in the art, and are therefore not described further herein.
It could, however, be noted that the core wire 8 only ex-
tends in the very distal portion of the sensor guide 1,
which is in contrast the previously known designs. A first
embodiment of a sensor and guide wire assembly 21
according to the present invention is illustrated in Fig. 2.
The sensor assembly 21 comprises a proximal portion
22 comprising a male connector, a flexible proximal tube
23, a hollow stranded wire 24, a coil 26 having a tip 27,
a distal core wire 28, and a sensor element 29, which is
connected to the male connector in the proximal portion
22 by least one electrical lead 30. The sensor assembly
21 of Fig. 2 differs from the sensor assembly 1 of Fig. 1
in that there is no jacket or sleeve provided. The sensor
element 29 is instead arranged within the hollow stranded
wire 24. To improve the communication between the sen-
sor element 29 and the ambient medium, e.g. blood, one
or several strands could be removed from a portion of
the hollow stranded wire 24. In the embodiment shown
in Fig. 2, there is no safety wire provided, but it should
be understood that such a safety wire could be provided
also for this embodiment. It should further be noted that
a portion of the hollow stranded wire 24 (i.e. the portion
marked with C) has been made more flexible by reducing
the diameter of the hollow stranded wire 24 in this section
C in comparison with the section marked with B, in which
the sensor element 29 is located.
[0023] As suggested above, the properties, e.g. the
stiffness, of a hollow stranded wire can be modified in
different ways, and in Fig. 3 examples of how this could
be accomplished are illustrated. A hollow stranded wire
31 shown in Fig. 3 has been divided into four sections A
to D, with each section showing a respective type of mod-
ification. In section A, the stiffness of a section of the
hollow stranded wire 31 has been increased by gluing
together neighbouring strands. The strands are marked
with reference number 32, whereas the intermediate glue
is marked with 33. As an alternative, the strands could
be soldered or welded together along a length thereof.
[0024] Another way of increasing the stiffness of the

hollow stranded wire 31 is shown in section B, where
adjacent strands 32 have been inter-locked with welds
34. The weld spots can provided in different configura-
tions, as shown in the figure.
[0025] Section C illustrates how the stiffness the hollow
stranded wire 31 can be reduced by removing one or
several strands 32. One or several strands 32 can be
removed in a restricted portion of the hollow stranded
wire 31.
[0026] Another way of decreasing the stiffness of the
hollow stranded wire 31 is shown in section D, where the
outer diameter of the hollow stranded wire 31 has been
reduced. This can be accomplished with different meth-
ods such as crimping or grinding.
[0027] As mentioned several times before, a sensor
guide according to the present invention comprises both
a hollow stranded wire and a flexible proximal tube -
which is in contrast to the sensor guides suggested in
the prior art. Apparently, the hollow stranded wire and
the proximal tube has to be joined together in order to
have sensor guide in which a torque can be transferred
from the proximal portion to the most distal portion, some-
thing that obviously is necessary in a medical operation.
In Figs. 4a-e several different joint options are depicted.
[0028] Fig. 4a shows the perhaps simplest way of join-
ing a hollow stranded wire 41 to a proximal tube 42. This
is a so-called butt joint, in which the flat end of the hollow
stranded wire 41 abuts an opposing flat end of a proximal
tube 42. The ends can be welded, soldered or glued to-
gether.
[0029] In Fig. 4b a so-called lap joint is illustrated,
wherein the end of a hollow stranded wire 51 has been
cut such that one end portion protrudes longer than an-
other end portion. The end of a proximal tube 52 has
been cut in the corresponding way, with one end portion
protruding longer than another end portion. A welded,
soldered or glued joint with overlapping end portions can
thereby be formed, as seen in Fig. 4b.
[0030] Another type of lap joint is shown in Fig. 4c,
where the end of a hollow stranded wire 61 has been
chamfered. The opposing end of a proximal tube 62 has
been chamfered in the corresponding way, such that the
two chamfered ends fit to each other and can be joined
by welding, soldering or gluing.
[0031] Fig. 4d illustrates a more elaborated type of lap
joint, where the end portion of a proximal tube 72 has
been given a reduced outer diameter, while an opposing
end portion of a hollow stranded wire 71 has been pro-
vided with an enlarged inner diameter. It is thereby pos-
sible to thread the end portion of the hollow stranded wire
71 over the end portion of the proximal tube 72, where-
upon the ends can be welded, soldered or glued together.
The opposite way of creating a similar lap joint is also
possible, i.e. by having a wire portion with reduced outer
diameter and a tube portion with enlarged inner diameter.
[0032] In Fig. 4e an inter-locking joint is shown. Here,
an end portion of a proximal tube 82 has been provided
with helical grooves 83, in which strands of a hollow
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stranded wire 81 fit. The end portion of the hollow strand-
ed wire 81 can thereby be threaded into the end portion
of the proximal tube 82. The joint can then be further
secured by welding, soldering or gluing.
[0033] In accordance with an alternative example not
forming part of the present invention the proximal tube
has been omitted and the hollow stranded wire has an
extension from the proximal end portion to the distal por-
tion of the sensor and guide wire assembly. Here the
distal portion includes or does not include a jacket or
sleeve. The necessary mechanical characteristics ob-
tained by the proximal tube in the above embodiments
is obtained by this alternative embodiment by modifying
the mechanical properties along the assembly as de-
scribed above, e.g. by joining sections of neighbouring
strands and/or by removing one or several strands and/or
by reducing the diameter of the hollow stranded wire.
[0034] Furthermore, and in combination with any of the
embodiments discussed above, still other alternatives of
modifying the mechanical properties along the assembly
may be achieved by performing any procedure of the
following:
Laser welding strands of the wire at predefined positions.
[0035] Filling predefined parts of the hollow stranded
wire by a suitable material, e.g. silicone or a suitable glue.
[0036] Crimping a crimping tube, of e.g. silicone or
polyurethane, over predefined parts of the wire.
[0037] Varying the number of strands along the wire.
[0038] Vary the thicknesses of the strands of the wire.
[0039] Although the present invention has been de-
scribed with reference to specific embodiments, also
shown in the appended drawings, it will be apparent for
those skilled in the art that many variations and modifi-
cations can be done within the scope of the invention as
described in the specification and defined with reference
to the claims below.

Claims

1. A sensor and guide wire assembly (21) for intravas-
cular measurements of physical variables inside a
living body, comprising a proximal end portion (22)
and a sensor element (29), which is located in a distal
portion of the sensor and guide wire assembly (21),
characterized in that a proximal tube (23) is pro-
vided, which extends from said proximal end portion
(22) to a proximal end of a hollow stranded wire (24),
which extends to said distal portion, wherein the sen-
sor element (29) is arranged inside the hollow strand-
ed wire (24) and that one or several strands has been
removed from the hollow stranded wire (24) in the
portion where the sensor element (29) is arranged.

2. A sensor and guide wire assembly (21) according to
claim 1, wherein a portion (C) of the hollow stranded
wire (24) is more flexible by reducing the diameter
of the hollow stranded wire (24) in that section in

comparison with a section (B), in which the sensor
element (29) is located.

3. A sensor and guide wire assembly (21) according to
any of the previous claims, characterized in that a
core wire (28) is provided, which extends from the
distal portion, where the sensor element (29), is pro-
vided to a distal tip (27) of the sensor and guide wire
assembly (21).

4. A sensor and guide wire assembly (1) according to
any of the previous claims, characterized in that a
safety wire (11) is provided, which extends from the
proximal end portion (2) to a distal tip (7) of the sensor
and guide wire assembly (1).

5. A sensor and guide wire assembly (21) according to
any of the claims 1 to 4, characterized in that the
proximal tube and the hollow stranded wire are
joined together by a butt joint.

6. A sensor and guide wire assembly (21) according to
any of the claims 1 to 4, characterized in that the
proximal tube and the hollow stranded wire are
joined together by a lap joint.

7. A sensor and guide wire assembly (21) according to
any of the claims 1 to 4, characterized in that the
proximal tube and the hollow stranded wire are
joined together by an inter-locking joint.

Patentansprüche

1. Sensor- und Führungsdrahtanordnung (21) für intra-
vaskuläre Messungen von physikalischen Größen
in einem lebendigen Körper, umfassend einen pro-
ximalen Endteil (22) und ein Sensorelement (29),
das in einem distalen Teil der Sensor- und Führungs-
drahtanordnung (21) angeordnet ist, dadurch ge-
kennzeichnet, dass ein proximales Rohr (23) vor-
gesehen ist, das sich vom proximalen Endteil (22)
zu einem proximalen Ende eines hohlen Litzen-
drahts (24) erstreckt, der sich zum distalen Teil er-
streckt, wobei das Sensorelement (29) im hohlen Lit-
zendraht (24) angeordnet ist und eine oder mehrere
Litzen vom hohlen Litzendraht (24) in demjenigen
Teil entfernt worden ist bzw. sind, wo das Sensore-
lement (29) angeordnet ist.

2. Sensor- und Führungsdrahtanordnung (21) nach
Anspruch 1, wobei ein Teil (C) des hohlen Litzen-
drahts (24) flexibler ist durch Verringerung des
Durchmessers des hohlen Litzendrahts (24) in die-
sem Abschnitt im Vergleich zu einem Abschnitt (B),
wo das Sensorelement (29) angeordnet ist.

3. Sensor- und Führungsdrahtanordnung (21) nach ei-
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nem der vorgehenden Ansprüche, dadurch ge-
kennzeichnet, dass ein Kerndraht (28) vorgesehen
ist, der sich vom distalen Teil erstreckt, wo das Sen-
sorelement (29) zu einer distalen Spitze (27) der
Sensor- und Führungsdrahtanordnung (21) vorge-
sehen ist.

4. Sensor- und Führungsdrahtanordnung (1) nach ei-
nem der vorgehenden Ansprüche, dadurch ge-
kennzeichnet, dass ein Sicherheitsdraht (11) vor-
gesehen ist, der sich vom proximalen Endteil (2) zu
einer distalen Spitze (7) der Sensor- und Führungs-
drahtanordnung (1) erstreckt.

5. Sensor- und Führungsdrahtanordnung (21) nach ei-
nem der Ansprüche 1 bis 4, dadurch gekennzeich-
net, dass das proximale Rohr und der hohle Litzen-
draht durch eine Stumpfnaht miteinander verbunden
sind.

6. Sensor- und Führungsdrahtanordnung (21) nach ei-
nem der Ansprüche 1 bis 4, dadurch gekennzeich-
net, dass das proximale Rohr und der hohle Litzen-
draht durch eine Überlappnaht miteinander verbun-
den sind.

7. Sensor- und Führungsdrahtanordnung (21) nach ei-
nem der Ansprüche 1 bis 4, dadurch gekennzeich-
net, dass das proximale Rohr und der hohle Litzen-
draht durch eine Schlossfuge miteinander verbun-
den sind.

Revendications

1. Ensemble de capteur et fil de guidage (21) pour me-
sures intravasculaires de variables physiques à l’in-
térieur d’un corps vivant, comprenant une partie
d’extrémité proximale (22) et un élément de capteur
(29), qui est situé dans une partie distale de l’ensem-
ble de capteur et de fil de guidage (21), caractérisé
en ce qu’il est prévu un tube proximal (23) qui
s’étend depuis ladite partie d’extrémité proximale
(22) jusqu’à une extrémité proximale d’un fil creux
toronné (24) qui s’étend jusqu’à ladite partie distale,
dans lequel l’élément de capteur (29) est disposé à
l’intérieur du fil toronné creux (24) et que l’un ou plu-
sieurs torons ont été retirés du fil toronné creux (24)
dans la partie où l’élément de capteur (29) est agen-
cé.

2. Ensemble de capteur et fil de guidage (21) selon la
revendication 1, dans lequel une partie (C) du fil to-
ronné creux (24) est plus flexible par la réduction du
diamètre du fil toronné creux (24) dans cette section
par rapport à une section (B), dans laquelle l’élément
de capteur (29) est situé.

3. Ensemble de capteur et fil de guidage (21) selon
l’une quelconque des revendications précédentes,
caractérisé en ce qu’il est prévu un fil d’âme (28)
qui s’étend à partir de la partie distale, l’élément de
capteur (29) étant prévu au niveau d’une extrémité
distale (27) de l’ensemble de capteur et de fil de gui-
dage (21).

4. Ensemble de capteur et fil de guidage (1) selon l’une
quelconque des revendications précédentes, carac-
térisé en ce qu’il est prévu un fil de sécurité (11) qui
s’étend à partir de la partie d’extrémité proximale (2)
à une extrémité distale (7) de l’ensemble de capteur
et de fil de guidage (1).

5. Ensemble de capteur et fil de guidage (21) selon
l’une quelconque des revendications 1 à 4, carac-
térisé en ce que le tube proximal et le fil toronné
creux sont assemblés par un joint à bout.

6. Ensemble de capteur et fil de guidage (21) selon
l’une quelconque des revendications 1 à 4, carac-
térisé en ce que le tube proximal et le fil toronné
creux sont assemblés par un joint à recouvrement.

7. Ensemble de capteur et fil de guidage (21) selon
l’une quelconque des revendications 1 à 4, carac-
térisé en ce que le tube proximal et le fil toronné
creux sont assemblés par un joint d’inter-verrouilla-
ge.
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