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Fig. 1

6a-c) arranged on the outer surface of the catheter. The external electrode is connected
to a conductor (4a, b), which extends along at least part of the inside length of the
catheter and is electrically connected to an internal electrode (5a, b). A hole (7, 7a, b) is
arranged on the outer surface of the catheter to expose the internal electrode (5a, 5b). On
the internal electrode (5a, b) a conducting plug (8) is built to fill the hole (7, 7a, b). Sev-
eral plugs can be created simultaneously without individual manual treatment. The plug
is typically created by electroplating, which allows the construction to be controlled
electrically though the power connection at the end of the corresponding conductor,
which is at the proximal end of the catheter. It provides a stable mechanical and electri-
cal connection to the catheter's external electrodes.



WO 2011/005165 A1 W00 00N OO AT

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Published:

GW, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



WO 2011/005165 PCT/SE2010/000186

Catheter and method for manufacturing such a catheter

The present invention is related to a catheter and a method for manufacturing such a catheter

according to the preamble of the independent claims.

Background of the invention

Catheters with electrodes that are connected to conductors, which extend along the lengths of the
catheters, are known. For example, the document US6856822 describes a catheter with lumens
that extend along the catheter. Electric conductors are arranged in these lumens, from each of
which a hole extends orthogonally through the catheter walls to the outer surface of the catheter.
Around the catheter are arranged conducting rings that act as electrodes and these are connected
to the conductors inside the lumens through the holes in the catheter wall. The electrical
connection between the conducting rings and the internal conductors is made with an element
which fills the hole. Each such element must typically be manually created and treated

individually.

One purpose of the invention is therefore to provide a catheter and a method for manufacturing
such a catheter that enables the electrical connection element to be created in the catheter in a

simple way.

Another purpose of the invention is to provide a catheter and a method for manufacturing such a
catheter that enables the simultaneous production of multiple electrical connection elements on a

catheter.

These are other purposes are achieved by a catheter and a method for manufacturing such a

catheter according to the characterising portion of the independent claims.

Summary of the invention

The invention concerns a catheter with at least one external electrode 6, 6a-¢ arranged on the
outside of the catheter. An external electrode is electrically connected to an internal conductor
4a, b, which extends along at least part of the length of the catheter and is electrically connected

to an electrical conductor element, 5a, b.
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Holes 7a, b are arranged on the outer surface of the catheter and extend through the catheter
walls to the internal conductor element Sa, b. At the internal conductor element 5a, a conducting
plug 8 is built into the hole 7, 7a, 7b. Several plugs can be created simultaneously without

individual manual treatment,

Electroplating is the most advantageous method of creating this plug. This process can be
monitored and controlled electrically using the connections to the conductors at the proximal
catheter end. This system will make it possible to check which plugs have been created as an
electric connection will signify a completed plug. In addition, this procedure results in a
connection between the internal and external electrodes that is mechanically and electrically

more stable than one provided by, for example, conductive epoxy.

A particularly advantageous embodiment is a catheter with at least one lumen 2b that extends
along the length of the catheter in the direction in which a conductor or a conductor carrier is
arranged. The conductor carrier 3 may comprise a long flexible printed circuit board rolled about

its longitudinal axis, with at least one conductor printed on the flexible printed circuit board.

The invention concerns the method of manufacturing such catheters, which includes a step where
the conducting plug 8 is created in the hole 7, 7a, 7b on top of the internal electrodes 5a, b,
typically by electroplating.

Brief description of the drawings

Fig. 1 shows a catheter to which the invention can be applied.

Fig. 2 shows the first step in manufacturing the first embodiment of the invention.

Fig. 3 shows the second step in manufacturing the first embodiment of the invention.

Fig. 4 shows the third step in manufacturing the first embodiment of the invention.

Fig. 5 shows the first step in manufacturing the second embodiment of the invention.



WO 2011/005165 PCT/SE2010/000186

Fig. 6 shows the second step in manufacturing the second embodiment of the invention.

Description of preferred embodiments

Fig. 1 shows a catheter with a design that is suitable for the application of the invention. The
catheter comprises a shaft 1 of a flexible material with two lumens with circular cross-sections
that run along the length of the shaft. The first lumen 2a has a larger cross-section than the other
lumen 2b. The first lumen may be intended for the delivery of liquid or gas and is empty in the
figure. A flexible electrical conductor carrier is inserted into the second lumen. The conductor
carrier 3 is designed as a narrow, rectangular, flexible printed circuit board, which is rolled into a
tube along most of its length. The rolled portion of the flexible printed circuit board is filled with
an adhesive which is flexible in its hardened state. The flexible printed circuit board is the

narrow tube which is inserted into the second lumen.

The flexible printed circuit board is double-sided. On the side that becomes the inner side of the
tube lie conductors along the length of the board. At the upper end of the board, which extends
slightly beyond the upper end of the catheter, the board is not rolled into a tube but flat. On this
flat portion are conductors that can be connected electronic equipment. Each conductor measures
a unique length from the end of the board, and the opposite ends connect to the internal
electrodes 5a and 5b. The internal electrodes 5a, b are arranged on the other side of the double-

sided board, which becomes the outer side of the tube when the board is rolled.

On the catheter are holes 7a, b which are drilled from the outer surface of the catheter through
the catheter wall to the second of the two lumens to coincide with the internal electrodes. Around
the circumference of the catheter are external electrodes 6a, b, which are electrically connected to
the internal electrodes 5a, b via the holes. With the conventional technology, each conductor, in
the form of a wire, is pulled through the catheter lumen, out the appropriate hole in the catheter
wall and individually connected to a conducting ring that acted as the external electrode. With
the device described above, electrical contact is achieved separately for each external and
internal electrode pair in a single step. Clearly, other types of conductors may be used with the
invention, but the invention is particularly beneficial in the example described here involving a

conductor carrier.

The external electrodes can be used for sensing purposes or for applying electric currents for
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various medical purposes. The electrodes 5a, b, 6a, b, though illustrated as annular elements in
the figures, can also be designed in other shapes. The advantage of annular elements is that
electrical contact is achieved regardless of how they are rotated with respect to the rest of the

catheter.

Fig. 2 shows in greater detail a cross-section through a catheter in the first step in manufacturing
the first embodiment of the invention. This cross-section is taken through one of the holes 7,
which is visible in this figure as an opening in the otherwise circular catheter. The hole 7 extends
to the second lumen 2b, which is separate from the first lumen 2a. The conductor carrier 3 is
arranged in lumen 2b. The conductor carrier is round in shape and fills the most of the lumen.
Around the outer surface of the conductor carrier is an internal electrode, which is exposed
through the hole 7.

Fig. 3 shows the second step in manufacturing the first embodiment of the invention in which the
electroplating metal has been created to make contact with the inner electrode. The metal layer is
built up until the entire hole 7 has been filled, resulting in a plug 8. The plug 8 extends to the

outer surface of the catheter and is electrically connected to the internal electrode.

Electroplating is carried out by immersing the catheter in an electrolyte with metal ions. Then
electrical power is supplied to the conductors on the conductor carrier that are connected to the
internal electrodes on which the metal plug will be built. Providing power to all conductors will
result in plugs being created simultaneously on all the internal electrodes. Plugs can be created
individually to achieve different metals or heights as needed by controlling the power supply to

respective conductors in the electroplating process.

The plugs are naturally built from the part of the internal electrode exposed by the hole 7 and
adopt the shape of the hole. The plug maintains connection with the internal electrode at all times

and no connection problems can arise from a gap between the internal electrode and the plug.

Fig. 4 shows the third step in manufacturing the first embodiment of the invention. A separate
metal ring 6 is placed over the catheter so that it rests on the plug 8. Since the catheter material is
flexible, the ring 6 can be swaged so that its inner diameter is smaller than the outer diameter of
the catheter in the unloaded state. The ring will naturally then be pressed against the plug,

achieving electric contact.
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In an embodiment not illustrated here, the plug is created so that it extends beyond the outer
surface of the catheter. A ring 6 can be fixed in place over the plug to make a connection with the

internal electrode 5, providing an indication that can be felt by touch that the ring is in position.

Fig. 5 shows the first step in manufacturing the second embodiment of the invention. The
external electrode 6¢, which is not a separate and removable element as is the case in the first

embodiment. Instead, the ring is applied on the catheter using one of several possible methods.

A possible application method involves spray or brush painting of conducting paint, moulding or
plating with metal or another conducting material. A plating method that can be used is described
in EP0985333B1. This provides a layer of metal applied to the catheter in the desired shape of
the electrode. Whichever application is used, the external electrode material must cover not only
the outer surface of the catheter but also reach into the hole 7 to make contact with the exposed

internal electrode.

The strength of the external electrode connection is limited when applied as a thin metal layer. In
particular, it is possible that the joint between the internal electrode and the plug will become
damaged, resulting in no electrical contact between the two elements. Another critical point is

the joint between the plug and the external electrode.

Fig. 6 shows the second step in manufacturing the second embodiment of the invention. Here, a
plug 8 is created in the hole according to the electroplating step in the first embodiment. The
metal plug fills the hole, growing on top of the metal layer that is the internal electrode. The plug
forms a continuous layer of metal elements and is connected mechanically and electrically to the
internal electrode. The plug guarantees electrical connection between the external and internal

electrodes. In addition, it provides improved stability and strength to prevent mechanical failure.

When the plug is created by electroplating, the external electrode is achieved in the same process
by building a thicker layer of metal. After the electroplating process has been carried out for as
long as it takes to achieve a stable electrical connection between the internal electrode and the

deposited external electrode, the external electrode will continue grow at the same rate as the

plug.
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Claims

1. A catheter with at least one external electrode (6, 6a-c) arranged on its outer surface,
which is connected to a conductor (4a, b) that extends along at least a part of the catheter’s length
on the inside of the catheter, where the external electrode (6, 6a-c) is electrically connected to an
internal electrode (5a, b) attached to a conductor, and where a hole (7, 7a, b) in the catheter wall
exposes the internal electrode (5a, b), characterised in that the conducting plug (8) in the hole
(7, 7a, b), is created by electroplating.

2. A catheter according to claims 1 or 2, characterised in that the external electrodes (6, 6a-

c) are made of individual annual elements that are electrically connected to the plugs.

3. A catheter according to any of the above claims, characterised in that the catheter has at
least one lumen (2b) extending along the catheter’s longitudinal axis, in which the conductors are

arranged.

4, A catheter according to claim 4, characterised in that in the lumen is a conductor carrier
(3) comprising a long flexible printed circuit board rolled about its longitudinal axis, with at least

one conductor printed on the flexible printed circuit board.

5. A method of manufacturing a catheter, where the catheter includes at least one external
electrode (6, 6a-c) on its outer surface, which is connected to a conductor that extends along the
at least part of the inside length of the catheter, where an external electrode (6, 6a-c) is
electrically connected to an internal electrode (5a, b) which is in turn connected to a conductor,
and where a hole (7, 7a, b) in the catheter wall exposes the internal electrode (5a, 5b),
characterised in that the plug (8) is built by electroplating in the hole (7, 7a, 7b) to connect the

internal and external electrodes.

6. A method according to claim 7, characterised in that the plug built up when the metallic
parts of the catheter are reduced in a solution with metal ions, with conductors that are

electrically connected to the internal electrodes (5a, 5b).
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