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the male connector (1). The male connector (1) has a longitudinal axis (2) and comprises a plurality of conductive members (3),
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and form, together with the insulating members (5), a self-supporting male connector (1) having no core wire.
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Title

Male connector and a method of producing the male connector

Field of the invention

The present invention relates to an injection-mouldable male connector for a medical
device and a method of producing the male connector, according to the preambles of the

independent claims.

Background of the invention

In many medical procedures, various physiological conditions 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.

For example, one medical device that is widely used to monitor conditions is a
intravascular pressure sensor. The 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 applications it is also required that the sensor is
electrically energized. Some means of signal and energy transmission for such a medical

device is thus required.

For the blood pressure sensor, most commonly, extremely thin electrical cables,
sometimes called microcables, are provided inside a guide wire, which itself preferably is
provided in the form of a tube, which often has an outer diameter in the order of 0.35 mm,
and oftentimes is made of steel. In order to increase the bending strength of the tubular
guide wire and improve pushability and torque response, a core wire may be positioned
inside the tube. The mentioned electrical cables are then e.g. positioned in the space

between the inner lumen wall and the core wire.

In a guide wire mounted sensor, the signals from the sensor, arranged at the distal end of
the guide wire, are lead through the electrical leads to a male connector at the proximal

end of the guide wire. In use, the male connector is connected to a corresponding female
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connector and the signals from the pressure sensor are transferred to an interface, which

converts the signals and presents them in a desired form for an operator.

A conventional male connector for a medical device, basically comprises a core wire, a
plurality of conductors, a plurality of conductive members, and insulating material
therebetween. When the male connector is connected to the female connector, the
conductive members transfer the signals from the conductors of the male connector to

similar conductive members inside the female connector.

Several different designs of male connectors are known in the prior art, and examples of

such male connectors are disclosed in US 6196980 B1, US 6090052 A, and US 6908442

B2, which are assigned to the same assignee as in the present application.

For example, the male connector used today for guide wires is made by individually
attaching each conductor (an electrical lead placed alongside a core wire) to a conductive
member (a contact ring which is wrapped around the core wire). Each of the conductive
members are connected, by bonding or soldering, respectively, to a conductor. The core
wire is used to prevent kinks and to provide strength to the male connector. Especially
when the male connector is inserted into the female connector, there is a substantial risk of

over-bending the male connector or damaging the thin conductors inside the connector.

Soldering or bonding the conductive members to the conductors is a time-consuming
process and may be a source of manufacturing mistakes, leading to loss of time and
material in the manufacturing process. For example, there may be a risk that the
conductive members and the conductors are not properly connected or that they disconnect

due to over-bending of the male connector and this in its turn involves a risk for short

circuit in the male connector.

Consequently, there remains a need for a male connector which is less expensive, easy and
straightforward to manufacture and which reduces the risk of short circuit. In addition,

there is a need for a male connector which is possible to test before assembling with the

medical device.
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There is also a need for a male connector which makes it possible to bond or solder all the
electrical cables at one end of the finished module, whereby the male connector may be

mounted in one piece to electrical cable(s) for e.g. a sensor guide wire.

Summary of the invention

The above-mentioned objects are achieved by the present invention according to the

independent claim.

Preferred embodiments are set forth in the dependent claims.

Thus, the object of the present invention is to achieve an improved male connector that is
easier to manufacture and assemble than presently used male connectors, and which
mechanically is more stable and which not tend to kink when inserted into a female

connector.

Further, the object of the present invention is to provide a method of manufacturing a male

connector by injection-moulding.

The elongated male connector, for a medical device, in accordance with the present
invention, has a longitudinal axis and comprises a plurality of conductive members, each
having an outer contact surface and being separated from each other by insulating
members. The conductive and insulating members are disposed along the male connector,
such that the outer contact surfaces are arranged essentially at the same surface level, and
that each of the conductive members has an elongated extension along the longitudinal
axis of the male connector. Each conductive member is provided with an insulated
microrod extending at least partially along the length of the male connector, and said
conductive members are hollow and have an essentially cylindrical cross-section and
form, together with said insulating members, a self-supporting male connector having no
core wire. The male connector is adapted to any medical device adapted to be inserted into

the body.
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The invention will now be described in detail with reference to the drawings.

Short description of the appended drawings

Figure 1 shows the male connector according to the present invention.

Figure 2 shows a close-up view of the male connector according a first preferred
embodiment of the present invention.

Figure 3 shows a single conductive member provided with a microrod.

Figure 4 shows the male connector, according to a second preferred embodiment of the
present invention, in which figure, the insulating members have been omitted.

Figure 5 shows the distal end of the male connector, according to a second embodiment of

the present invention, in which figure, the insulating members have been omitted.

Throughout the figures the same reference signs designate the same, or essentially the

same features.

Detailed description of preferred embodiments of the invention

Throughout the application the word distal refers to the part located furthest away in
respect of the operator, and the word proximal refers to the part located closest in respect

of'the operator.

In Figure 1, an elongated male connector 1, for a medical device, according to the present
invention, is disclosed. The male connector 1 has a longitudinal axis 2 and comprises a
plurality of conductive members 3, each having an outer contact surface 4 and being
separated from each other by insulating members 5, the conductive and insulating
members 3, 5 being disposed along the male connector 1, such that the outer contact
surfaces 4 are arranged essentially at the same surface level, and that each of the
conductive members 3 has an elongated extension along the longitudinal axis 2 of the

male connector 1.

As illustrated in figure 2, each conductive member 3 is provided with an insulated
microrod 6 extending at least partially along the length of the male connector 1. The

conductive members 3 are hollow and have an essentially cylindrical cross-section and
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form, together with the insulating members 5, a self-supporting male connector 1 having
no core wire. Thus, the male connector 1 consists merely of the conductive and insulating

members 3, 5 and the insulated microrods 6.

The male connector is adapted to any medical device adapted to be inserted into the body.
The medical device may be ¢.g a sensor guide wire for intravascular measurements of
physiological variables in a living body. The sensor may be designed to measure
temperature and/or flow e.g. within the vascular system. Miniature sensors may also be
designed to measure other variables, such as magnetic flux, other electromagnetic
variables, conductance, or inductance, €.g. generated from outside the body and used inter

alia for positioning purposes.

As discussed above, and as shown in figures 1-2, the outer contact surfaces 4 are arranged
essentially at the same surface level. However, as an obvious constructive variation, the
surface level of the conductive members 3 may be arranged slightly elevated in respect to
the surface level of the insulating members 3, i.e. the radius of the conductive members 3
is larger than the radius of the insulating members 5. As an example, the conductive

members have a cross-sectional diameter of 0,2 - 0,4 mm.

According to a preferred embodiment of the present invention, the microrods 6 are
arranged to extend through more distally arranged conductive and insulating members 3,
5, as illustrated in figures 1 and 2. The insulating members 5 are preferably made of LCP
(Liquid Crystal Polymer), and the LCP is preferably injection-moulded onto the assembled
male connector 1. However, other suitable materials, such as PEI (polyetherimide) or
PEEK (polyetheretherketone), may also be used to insulate between the conductive

members 3.

Figure 3, shows a single conductive member 3, of a male connector 1 according to a first
preferred embodiment of the present invention. In this preferred embodiment, the
conductive members 3 have a circular cross-section, and the microrods 6 are adapted to be
arranged to extend through more distally and more proximally arranged conductive and

insulating members 3, 5. The microrods 6, connected to the conductive members 3, are
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preferably insulated with polyimide, or other suitable insulating material, such as oxide
coating or acrylic insulation. The conductive members 3 provided with the microrods 6 are
according to this preferred embodiment manufactured by cutting out separate units of
conductive members 3 provided with microrods 6, preferably by laser, from an elongated

tube (not shown).

In another embodiment, the conductive members 3 provided with microrods 6 may be
produced by laser cutting a flat sheet of conductive material, e.g. sheet metal, and bent or

rolled into a cylindrical shape.

According to another preferred embodiment of the present invention, shown in figure 4, in
which figure the insulating members have been omitted, the microrods 6 are arranged to
extend through more distally, or both through more distally and more proximally, arranged
conductive and insulating members 3, 5. Since the male connector 1 has no core wire, the
microrods 6 instead support the conductive and insulating members 3, 5, to achieve a
mechanically stable male connector 1 which does not kink. Thus, the microrods 6 support
the conductive and insulating members 3, 5 and gives the male connector 1 the necessary

stability and stiffness.

In other embodiments the microrods 6 instead are produced separately, and thereafter
fastened to the conductive members 3. This may be achieved e.g. by means of spot-
welding, or soldering, according to the embodiment shown in figures 4 and 5. However,
other suitable techniques, such as welding or gluing, may also be used to attach the
microrods 6 to the conductive members 3. At least one of the microrods 6 are, according

to this embodiment, fastened to the inner space 10 of the hollow conductive members 3.

According to one embodiment of the present invention, the microrods 6 are provided with
contact surfaces 8 at a distal end 9 of the male connector 1, as shown in detail in figure 5.
When the male connector 1 is in use, the contact surfaces 8 are connected, preferably by
welding, to electrical leads provided in the medical device, e.g. a sensor guide wire.
Contact surfaces 8 at one end of the male connector 1 is advantageous since it makes it

possible to test the male connector 1 before assembling with the medical device. Thereby,



10

15

20

25

30

WO 2011/134801 ) PCT/EP2011/055920

7

the risk for short circuit in the male connector module 1 is reduced. Also, having all the
contact surfaces adjacent to each other at one end simplifies connecting several electrical

leads to the male connector.

In the embodiment illustrated in figure 5, the microrods 6, have a semilunar cross-section.
The dimensions of the semilunar microrods 6 are adapted to the diameter of the inner
space 10 of the hollow conductive members 3, so that one or more microrods 6 may be
arranged to extend through the conductive member 3 supported by the inner space 10 of
the conductive members 3 to make the male connector 1 mechanically stable. As shown in
figures 4 and 5, the most distal arranged conductive member 11 may be provided with a
distal microrod 12 having less dimensions than the other microrods 6 attached to the more
proximal arranged conductive members 3. The distal microrod 12 is preferably attached to

the distal edge 13 of the most distal arranged conductive member 11.

The present invention also relates to a method of producing the male connector 1, for a
medical device. The method includes:

a) providing a plurality of hollow elongated conductive members 3 having a cylindrical
cross-section and an outer contact surface 4, where each conductive member 3 is provided
with an elongated insulated microrod 6;

b) arranging, spaced apart, a plurality of the conductive members 3 next to each other and
centred along a longitudinal axis 2 with the microrods 6 extending through more distally
arranged conductive members 3, and

¢) providing insulating members 5 between adjacent conductive members 3, thereby
forming a self-supporting male connector 1 having no core wire.

According to the method for producing a male connector 1, step b) may further include the
sub step of:

b1) arranging at least one of the microrods 6 to extend through at least one proximally

arranged conductive member 3.

As a preferred method, and according to the preferred embodiment of the present
invention shown in figures 1-3, the hollow elongated conductive members 3 provided with

the microrods 6, are manufactured at the same time, by cutting out separate units,
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preferably by laser, from an elongated tube, made of any commonly used conductive
material, such as stainless steel, platinum or titanium. Each cut out conductive member 3
and microcable 6 are then insulated with a suitable insulating material, such as polyimide,

oxide coating or acrylic insulation as is common in the art.

As also discussed above, and according to another embodiment, the conductive members 3
provided with microrods 6 may be produced by laser cutting a flat sheet of conductive

material, e.g. sheet metal, and bent or rolled into a cylindrical shape.

However, in the embodiment illustrated in figures 4-5, as discussed above, the microrods 6

are fastened to the conductive members 3 by means of spot-welding.

According to the method, the insulating members 5 may be provided by means of
injection-moulding. In detail, the conductive members 3 provided with the microrods 6 are
then arranged spaced apart, and next to each other, and adjacent conductive member 3 are
threaded on to adjacent microrods 6, so that the microrods 6 extends through more distally
and/or proximally arranged conductive members 3, as shown in figures 4-5. Subsequently,
the insulation is injection-moulded onto the microrods 6, between adjacent conductive

members 3, in order to form the insulating members 5.

Furthermore, and according to the method, the microrods 6 are bonded or soldered at a
distal end 9 of the male connector 1 to form a plurality of contact surfaces 8.
Advantageously, all cable connector contact surfaces 8 to be connected to the desired

medical device are then arranged at one end of the male connector 1.

The present invention is not limited to the above-described preferred embodiments.
Various alternatives, modifications 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.
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Claims

I. An elongated male connector (1) for a medical device, the male connector
(1) having a longitudinal axis (2) and comprises:

- a plurality of conductive members (3), each having an outer contact surface (4) and being
separated from each other by insulating members (5), the conductive and insulating
members (3, 5) being disposed along the male connector (1), such that the outer contact
surfaces (4) are arranged essentially at the same surface level, and that each of the
conductive members (3) has an elongated extension along the longitudinal axis (2) of the
male connector (1), characterized in thateach conductive member (3) is
provided with an insulated microrod (6) extending at least partially along the length of the
male connector (1), and that said conductive members (3) are hollow and have an
essentially cylindrical cross-section and form, together with said insulating members (5), a

self-supporting male connector (1) having no core wire.

2. An elongated male connector (1) according to claim 1, wherein said
microrods (6) are arranged to extend through more distally arranged conductive and

insulating members (3, 5).

3. An elongated male connector (1) according to any of claims 1-2, wherein

said conductive members (3) have a circular cross-section.

4. An elongated male connector (1) according to any of claims 1-3, wherein
said conductive members (3) is made of a flat sheet of conductive material, e.g. a sheet

metal, which is bent or rolled into a cylindrical shape.

S. An elongated male connector (1) according to any of claims 1-4, wherein at
least one of said microrods (6) is arranged to extend through more proximally arranged

conductive and insulating members (3, 5).

6. An elongated male connector (1) according to any of claims 1-5, wherein

said insulating members (5) are made of LCP (Liquid Crystal Polymer).
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7. An elongated male connector (1) according to any of claims 1-6, wherein
said microrods (6) are provided with contact surfaces (8) at a distal end (9) of said male

connector (1).

8. An clongated male connector (1) according to any of claims 1-7, wherein

said microrods (6) are fastened to said conductive members (3) by means of spot-welding.

9. An clongated male connector (1) according to any of claims 1-7, wherein

said microrods (6) are fastened to said conductive members (3) by means of soldering.

10. An elongated male connector (1) according to any of claims 1-9, wherein

said microrods (6) have a semilunar cross-section.

11. Method of producing a male connector (1), for a medical device, the method
includes:

a) providing a plurality of hollow elongated conductive members (3) having a cylindrical
cross-section and an outer contact surface (4), where each conductive member (3) is
provided with an elongated insulated microrod (6);

b) arranging, spaced apart, a plurality of said conductive members (3) next to each other
and centred along a longitudinal axis (2) with said microrods (6) extending through more
distally arranged conductive members (3), and

¢) providing insulating members (5) between adjacent conductive members (3) thereby

forming a self-supporting male connector (1) having no core wire.

12. Method for producing a male connector (1) according to claim 11, where
step b) further includes the sub step of:
b1) arranging at least one of said microrods (6) to extend through at least one proximally

arranged conductive member (3).

13. Method according to any of claims 11-12, wherein said insulating members

(5) are provided by means of injection-moulding.
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14. Method according to any of claims 11-13, wherein said microrods (6) is

fastened to said conductive members (3) by means of spot-welding.

15. Method according to any of claims 11-13, wherein said microrods (6) is

fastened to said conductive members (3) by means of soldering.

16. Method according to any of claims 11-13, wherein said conductive members

(3) provided with said microrods (6) are provided by cutting out separate units of

conductive members (3) provided with microrods 6, preferably by laser, from an elongated

tube.

17. Method according to any of claims 11-13, wherein said conductive members
(3) are provided by laser cutting a flat sheet of conductive material, e.g. a sheet metal,

which subsequently is bent or rolled into a cylindrical shape.

18. Method according to any of claims 11-17, wherein said microrods (6) are

bonded or soldered at a distal end (9) of said male connector (1) to form a plurality of

contact surfaces (8).
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