
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

2 
16

0 
21

8
B

1
*EP002160218B1*

(11) EP 2 160 218 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
06.11.2019 Bulletin 2019/45

(21) Application number: 08763479.6

(22) Date of filing: 27.06.2008

(51) Int Cl.:
A61M 25/16 (2006.01) A61M 25/00 (2006.01)

A61B 5/042 (2006.01) A61B 5/00 (2006.01)

(86) International application number: 
PCT/IE2008/000069

(87) International publication number: 
WO 2009/001327 (31.12.2008 Gazette 2009/01)

(54) A METHOD FOR PRODUCING A CATHETER

VERFAHREN ZUR HERSTELLUNG EINES KATHETERS

PROCÉDÉ DE FABRICATION D’UN CATHÉTER

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT 
RO SE SI SK TR

(30) Priority: 27.06.2007 IE 20070464
19.11.2007 IE 20070842

(43) Date of publication of application: 
10.03.2010 Bulletin 2010/10

(60) Divisional application: 
12002624.0 / 2 476 453

(73) Proprietor: Flip Technologies Limited
Dangan
Galway (IE)

(72) Inventors:  
• O’DEA, John

Bearna
Galway (IE)

• McHUGH, Adrian
Kilcolgen
County Galway (IE)

• GRIFFIN, Patrick
Castlegar
County Galway (IE)

(74) Representative: Gorman, Francis Fergus
F. F. Gorman & Co. 
15 Clanwilliam Square
IRL-Dublin 2 (IE)

(56) References cited:  
EP-A- 0 647 435 WO-A-99/49932



EP 2 160 218 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to a method for
producing a catheter, and in particular, though not limited
to a method for producing a catheter of the type compris-
ing a plurality of mutually electrically insulated axially
spaced apart electrodes located towards a distal end of
the catheter, and the catheter may or may not comprise
an expandable member located adjacent the distal end
thereof.
[0002] Such catheters are used in many medical and
surgical procedures. Whether the catheter is provided
with an expandable element or otherwise, such catheters
are commonly used to perform a physical measurement,
for example, to determine the volume of a vessel within
which the catheter is located, to determine the compli-
ance of a sphincter or other such organ by the use of
pressure measurement or dimensional measurements,
to ablate tissue and the like from, for example, a lumen
such as an oesophagus, which may be occluded or partly
occluded by cancerous growth or pre-cancerous growth
of the tissue, to open an occlusion formed in a lumen,
by, for example, a cancerous growth of tissue or a pre-
cancerous growth thereof. Such catheters are disclosed,
for example, in PCT Published Patent Application Spec-
ification No. WO 2006/090351, and U.S. Patent Specifi-
cations Nos. 5,069,215, 6,032,061, 6,440,488 and
6,882,879.
[0003] U.S. Patent Specification No. 5,069,215 of Jad-
var, et al discloses a catheter which is provided with a
single use disposable oesophageal electrode structure
located at a distal end thereof. The electrode structure
comprises a planar sheet body member which carries a
plurality of spaced apart electrically conductive electrode
members, and a plurality of conducting members are
coupled to the body member, and each conducting mem-
ber is in turn coupled to a corresponding one of the re-
spective electrodes. The conducting members extend
from the electrode structure along the outer surface of
the catheter to the distal end thereof, and free ends of
the conducting members terminate in an electrical con-
nector for connecting the electrodes to external electronic
control and analysing apparatus. A layer of adhesive is
provided on the sheet body member for releasably se-
curing the sheet body member, and in turn the electrodes
to the catheter at the distal end thereof. The electrode
structure of the oesophageal catheter is provided to be
disposable, and after use is removed from the distal end
of the catheter and replaced by a new electrode structure.
[0004] U.S. Patent Specification No. 6,032,061 of Ko-
belish discloses an electrode catheter comprising a plu-
rality of spaced apart ring electrodes located at the distal
end thereof. A plurality of electrically conductive bands
are printed onto the catheter adjacent the locations to
which the ring electrodes are to be located. Electrically
conductive wires extending through a lumen in the cath-
eter extend through radial openings in the catheter, and
skived ends of the wires are folded to lie along the printed

electrically conductive bands. The ring electrodes are
then slid over the electrically conductive bands to engage
the skived ends of the wires between the printed electri-
cally conductive bands and the corresponding ring elec-
trodes for providing electrical continuity between the
wires and the electrodes.
[0005] U.S. Patent Specification No. 6,440,488 of Grif-
fin, et al discloses an electrode catheter which comprises
a plurality of spaced apart electrodes located at a distal
end thereof. The catheter is initially coated with an elec-
trically conductive adhesive, and spaced apart annular
indented areas are then formed on the adhesive coated
catheter. A portion of the adhesive coating is removed
from the catheter in the indented areas, leaving an an-
nular band extending around and within each annular
indented area without adhesive. Band electrodes are
thus created on the catheter between the annular indent-
ed areas, with one band being located between each pair
of annular indented areas. Wires extending from within
the catheter are wound around the respective annular
indented areas over the portion of the adhesive coating
remaining in the annular indented areas. Each wire is in
electrically conductive contact with the electrically con-
ductive coating in the corresponding annular indented
area, which in turn provides electrical continuity between
the wire and its corresponding band electrode.
[0006] U.S. Patent Specification No. 6,882,879 of
Rock discloses an electrode catheter comprising a plu-
rality of spaced apart electrodes located towards a distal
end thereof. A plurality of electrically conductive wires
extend through the catheter from the electrodes to the
proximal end thereof. The electrodes are located be-
tween spacers which form part of the catheter.
[0007] PCT Specification No. WO 2006/090351 dis-
closes an electrode catheter having an inflatable balloon
located at a distal end thereof with the catheter extending
through the balloon. A plurality of spaced apart elec-
trodes are located on the catheter within the balloon for
determining the volume to which the balloon is inflated,
and the transverse cross-sectional area thereof at pre-
defined locations.
[0008] European Patent Application Specification No.
0.647,435 A1 discloses a method for manufacturing a
catheter with spaced apart electrodes located thereon.
[0009] All the above electrode catheters suffer from
various disadvantages. The electrode catheter disclosed
in U.S. Patent Specification No. 6,882,879 is a particu-
larly complex structure, and includes many components,
all of which have to be assembled together. Thus, the
manufacture of the electrode catheter of U.S. Patent
Specification No. 6,882,879 is a relatively complex and
time consuming task. The electrode catheter disclosed
in U.S. Patent Specification No. 6,440,488 is also a rel-
atively difficult and complex catheter to assemble, and
furthermore, there is a danger of the free end of the wires
which are wrapped around the outer surface of the cath-
eter extending radially from the catheter with the potential
to cause injury to a subject. The electrode catheter dis-
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closed in U.S. Patent Specification No. 6,032,061 is also
a relatively complex structure to assemble, and the as-
sembly thereof is a relatively time consuming task. Ad-
ditionally, by virtue of the fact that the ring electrodes are
located on the surface of the catheter, the ring electrodes
sit significantly proud of the catheter, and can result in
discomfort to a subject. The electrode catheter of U.S.
Patent Specification No. 5,069,215 suffers from the dis-
advantage that the electrically conductive members
which electrically connect the electrodes to external con-
trol and analysing apparatus are located externally of the
catheter, and thus, can result in discomfort to the subject.
There is also a danger of the electrically conductive mem-
bers becoming detached from the catheter with serious
consequences. The catheter disclosed in PCT Specifi-
cation No. WO 2006/090351 is also a relatively complex
device and its manufacture is a relatively time consuming
process.
[0010] There is therefore a need for a catheter and a
method for producing a catheter which addresses at least
some of the problems of known catheters.
[0011] The present invention is directed towards a
method for producing a catheter.
[0012] According to the invention there is provided a
method for producing a catheter according to Claim 1.
Further embodiments of the invention are defined in the
dependent claims.
[0013] Preferably, the electrically conductive elements
are bonded to the catheter by progressively wrapping the
electrically conductive elements around the catheter. Ad-
vantageously, each electrically conductive element is
bonded to the catheter by an adhesive. Preferably, each
electrically conductive element is at least partially coated
with an adhesive.
[0014] Advantageously, each electrically conductive
element is at least partially coated with a self-adhesive
coating.
[0015] Preferably, the adhesive is provided by a dou-
ble-sided adhesive tape. Preferably, the double-sided
adhesive tape is bonded to the corresponding electrode
prior to bonding to the catheter.
[0016] Advantageously, the foil material is of thickness
up to 200 microns. Ideally, the foil material is of thickness
in the range of 35 microns to 50 microns.
[0017] Preferably, the connecting portions extend be-
tween the respective adjacent ones of the electrically
conductive elements intermediate the ends thereof. Ad-
vantageously, the connecting portions form an elongated
connecting portion, and the electrically conductive ele-
ments extend transversely from the elongated connect-
ing portion at spaced apart intervals therefrom.
[0018] Ideally, a pair of spaced apart elongated con-
necting portions are provided and the electrically con-
ductive elements extend transversely between the elon-
gated connecting portions.
[0019] In one embodiment of the invention each elec-
trically conductive element is electrically coupled to a cor-
responding electrically conductive wire.

[0020] Preferably, each electrically conductive ele-
ment is coupled to the corresponding electrically conduc-
tive wire prior to the electrically conductive element being
bonded to the catheter. Alternatively, each electrically
conductive element is coupled to the corresponding elec-
trically conductive wire subsequent to the electrically con-
ductive element being bonded to the catheter.
[0021] Preferably, each electrically conductive wire is
electrically coupled to the corresponding electrically con-
ductive elements by one of soldering, welding, induction
welding, ultrasonic welding and bonding by an electrically
conductive adhesive. Advantageously, the electrically
conductive wires are mutually insulated from each other.
[0022] Advantageously, each electrically conductive
wire is coupled to the corresponding electrically conduc-
tive element at a location intermediate the ends of the
electrically conductive element.
[0023] Ideally, the location at which each electrically
conductive wire is coupled to the corresponding electri-
cally conductive element is spaced apart from the re-
spective ends thereof.
[0024] Preferably, each electrically conductive ele-
ment is bonded to the catheter intermediate the location
at which the corresponding electrically conductive wire
is coupled thereto and at least one end of the electrically
conductive element.
[0025] Ideally, each electrically conductive element is
bonded to the catheter intermediate the location at which
the corresponding electrically conductive wire is coupled
thereto and the respective opposite ends of the electri-
cally conductive element.
[0026] In one embodiment of the invention a plurality
of the spaced apart electrically conductive elements are
bonded to the catheter by at least one elongated piece
of double-sided adhesive tape. Preferably, the at least
one elongated piece of double-sided adhesive tape is
located on the electrically conductive elements to at least
one side of the locations at which the corresponding elec-
trically conductive wires are coupled thereto. Advanta-
geously, two elongated pieces of the double-sided ad-
hesive tape are located on the electrically conductive el-
ements on respective opposite sides of the locations at
which the corresponding electrically conductive wires are
coupled thereto.
[0027] Ideally, the respective electrically conductive el-
ements extend transversely relative to each elongated
piece of double-sided adhesive tape.
[0028] Preferably, each elongated piece of double-sid-
ed adhesive tape is bonded to the catheter prior to being
bonded to the electrically conductive elements. Alterna-
tively, each elongated piece of double sided adhesive
tape is bonded to the electrically conductive elements
prior to being bonded to the catheter.
[0029] Preferably, a releasable protective sheet is pro-
vided over the adhesive surface of the double-sided ad-
hesive tape to be bonded to the catheter. Advantageous-
ly, the releasable protective sheet is progressively re-
moved from each elongated piece of double-sided ad-
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hesive tape as the double-sided adhesive tape is being
bonded to the catheter.
[0030] Ideally, the electrically conductive elements are
progressively bonded to the catheter by progressively
wrapping the electrically conductive elements around the
catheter from the respective locations at which the elec-
trically conductive wires are coupled to the corresponding
electrically conductive elements.
[0031] Preferably, an axial communicating bore is
formed in the catheter extending from a proximal end
thereof to a location adjacent the at least one electrode
for accommodating at least a corresponding one of the
electrically conductive wires to the proximal end of the
catheter, and at least one radial communicating opening
is formed extending through the catheter adjacent the at
least one electrode for accommodating at least the cor-
responding one of the electrically conductive wires from
the corresponding one of the electrically conductive ele-
ments into the axial communicating bore.
[0032] Preferably, the at least one radial communicat-
ing opening extending through the catheter accommo-
dates a plurality of the electrically conductive wires from
respective corresponding ones of the electrically conduc-
tive elements into the axial communicating bore. Advan-
tageously, the radial communicating opening is formed
by an elongated slot in the catheter. Ideally, the elongated
slot forming the radial communicating opening extends
substantially longitudinally along the catheter adjacent
the electrically conductive elements from which the cor-
responding electrically conductive wires are to be accom-
modated.
[0033] Preferably, the electrically conductive wires are
passed into the axial communicating bore through the at
least one first radial communicating opening prior to
bonding of the electrically conductive elements to the
catheter. Advantageously, each electrically conductive
wire is electrically coupled to the corresponding electri-
cally conductive element on a surface of the electrically
conductive element which is adjacent the catheter when
the electrically conductive element is bonded to the cath-
eter.
[0034] Advantageously, each electrically conductive
wire is electrically coupled to the corresponding one of
the electrically conductive elements prior to the electri-
cally conductive wire being entered into the axial com-
municating bore. Alternatively, each electrically conduc-
tive wire is electrically coupled to the corresponding one
of the electrically conductive elements subsequent to the
electrically conductive wire being entered into the axial
communicating bore.
[0035] Preferably, a free end of each electrically con-
ductive wire is trapped between the corresponding one
of the electrically conductive elements and the catheter.
[0036] Advantageously, each electrically conductive
wire is electrically coupled to the corresponding one of
the electrically conductive elements by the adhesive
bonding the electrically conductive element to the cath-
eter.

[0037] Preferably, each electrically conductive wire is
electrically coupled to the surface of the corresponding
electrically conductive element remote from the catheter
subsequent to the electrically conductive element being
bonded to the catheter.
[0038] Preferably, a wire accommodating opening ex-
tends through each electrically conductive element for
accommodating a corresponding one of the electrically
conductive wires therethrough, and the corresponding
electrically conductive wire is electrically coupled to a
surface of the electrically conductive element which is
remote from the catheter when the electrically conductive
element is bonded to the catheter.
[0039] Preferably, an insulating material on each elec-
trically conductive wire is removed adjacent the corre-
sponding distal end thereof for facilitating electrical cou-
pling of the electrically conductive wire to the correspond-
ing one of the electrically conductive elements.
[0040] Advantageously, each electrically conductive
wire is electrically coupled to the corresponding one of
the electrically conductive elements by an electrically
conductive adhesive.
[0041] Advantageously, the electrically conductive
wires are integrally formed with the catheter. Preferably,
the electrically conductive wires are integrally formed in
a wall of the catheter. Advantageously, the electrically
conductive wires are helically wound around and within
the catheter wall. Ideally, the electrically conductive wires
are integrally formed in and helically wound around the
catheter with a relatively long pitch. Preferably, the elec-
trically conductive wires are one of integrally moulded
and extruded with the catheter.
[0042] Preferably, each electrically conductive ele-
ment is of length sufficient to form the corresponding elec-
trode as a band electrode extending completely around
the catheter.
[0043] Advantageously, each electrically conductive
element is of length sufficient to form the corresponding
electrode as a band electrode extending completely
around the catheter with one end of the electrically con-
ductive element overlapping the opposite end thereof.
[0044] Preferably, the electrically conductive elements
when bonded to the catheter are mutually electrically in-
sulated from each other.
[0045] Preferably, the adhesive with which each elec-
trically conductive element is bonded to the catheter is
an electrically conductive adhesive. Alternatively, the ad-
hesive with which each electrically conductive element
is bonded to the catheter is an electrically non-conductive
adhesive.
[0046] Preferably, the adhesive with which each elec-
trically conductive element is bonded to the catheter is
one of a conductive adhesive, a pressure sensitive ad-
hesive and a temperature sensitive adhesive.
[0047] Preferably, an axial medium accommodating
bore is formed in the catheter extending axially from the
proximal end thereof for accommodating a medium with
fluid-like characteristics from the proximal end of the
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catheter towards the distal end thereof. Preferably, at
least one radial medium accommodating bore is formed
in the catheter extending radially through the catheter
from the axial medium accommodating bore and com-
municates therewith for accommodating the medium with
fluid-like characteristics into and out of the axial medium
accommodating bore.
[0048] An expandable element may be located on the
catheter adjacent the electrodes, the expandable ele-
ment defining a hollow interior region, and the electrodes
being located on the catheter within the hollow interior
region defined by the expandable element. Preferably,
the catheter extends through the hollow interior region
of the expandable element. Advantageously, the ex-
pandable element is provided by an inflatable element.
Ideally, the radial medium accommodating bore commu-
nicates the hollow interior region of the expandable ele-
ment with the axial medium accommodating bore for ac-
commodating an inflating medium to the expandable el-
ement for inflating thereof.
[0049] Preferably, the expandable element comprises
a balloon.
[0050] Preferably, the expandable element when in-
flated defines a cylinder.
[0051] Advantageously, the expandable element
when inflated defines a central longitudinally extending
axis substantially coinciding with a corresponding longi-
tudinally extending axis of the catheter.
[0052] The expandable element may be coated with a
low friction coating. Preferably, the catheter is coated with
a low friction coating.
[0053] The catheter may be adapted for use in deter-
mining the transverse cross-sectional area of a lumen
within which the portion of the catheter comprising the
electrodes is located.
[0054] The catheter may be adapted for use in deter-
mining the transverse cross-sectional area of a hollow
organ, vessel or the like within which the portion of the
catheter comprising the electrodes is located.
[0055] The catheter may be adapted for use in deter-
mining the volume of a lumen within which the portion of
the catheter comprising the electrodes is located.
[0056] The catheter may be adapted for use in deter-
mining the volume of a hollow organ, vessel or the like
within which the portion of the catheter comprising the
electrodes is located.
[0057] The catheter may be adapted for use in a pro-
cedure for ablating a stricture in a lumen.
[0058] The catheter may be adapted for use in a pro-
cedure for ablating tissue in a hollow organ or vessel.
[0059] Preferably, each electrode extends transverse-
ly across the radial communicating opening in the cath-
eter.
[0060] The advantages of the invention are many. The
method for producing the catheter provides a relatively
inexpensive and simple procedure for producing a cath-
eter, which requires little manufacturing time. By bonding
the electrodes to the catheter, a simple, inexpensive and

relatively quick method is provided for producing the
catheter. By forming the electrodes from a sheet of foil
material whereby prior to being secured to the catheter
the electrodes are retained spaced apart by connecting
portions of the foil extending between the electrodes, or
by an elongated connecting portion from which the elec-
trodes extend in spaced apart relationship, the electrodes
can be attached to the catheter in a single operation. This
significantly reduces the time required for assembling the
electrodes to the catheter, and furthermore, by virtue of
the fact that the electrodes are formed by the electrically
conductive elements which are retained spaced apart by
the connecting portions or by a single elongated connect-
ing portion, the electrodes are accurately spaced apart
from each other when secured to the catheter. Addition-
ally, by securing the electrodes to the catheter by double-
sided adhesive tape, a particularly efficient method for
assembling and securing the electrodes to the catheter
is provided.
[0061] Additionally, by providing the electrodes of foil
material, and in particular, foil material of thickness not
greater than 200 microns, and preferably, of thickness in
the order of 35 microns to 50 microns, a particularly ad-
vantageous catheter is provided. By providing the elec-
trodes of such foil material, the catheter provides a sub-
stantially constant longitudinal cross-sectional profile
along its length, including along its length on which the
electrodes are provided. The electrodes being of such
relatively thin material add virtually no additional thick-
ness to the catheter, and therefore, the catheter is effec-
tively free of steps or bumps, which could otherwise snag
on equipment through which the catheter is being
passed, or on a side wall of a lumen or vessel through
which the catheter is being urged. Furthermore, by pro-
viding the electrodes of such relatively thin foil material,
the electrodes when bonded to the catheter are relatively
flexible, and thus, flex with flexing of the catheter, and do
not inhibit flexing of the catheter. Indeed, by providing
the electrodes of such relatively thin foil material, the
catheters can be produced of relatively small cross-sec-
tion, typically, down to 2mm in diameter, and typically, of
diameter in the range of 2mm to 7mm. Furthermore, by
producing the catheter with the method according to the
invention whereby the electrodes are formed of electri-
cally conductive elements which are joined by connecting
portions, the method is particularly suitable for use with
catheters of relatively small diameter in the range of 2mm
to 7mm.
[0062] Ideally, the width of each electrode in the lon-
gitudinal direction of the catheter ranges from 1mm to
5mm. Additionally, by forming the electrodes from a sin-
gle sheet of foil material whereby the electrodes are
formed by the elongated electrically conductive elements
which are joined by connecting portions or an elongated
connecting portion, or two elongated connecting portions
at respective opposite ends of the electrically conductive
elements, the electrically conductive elements can be
readily easily electrically coupled to the corresponding
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electrically conductive wires by any suitable electrical
coupling, for example, soldering, welding or adhesive
bonding.
[0063] By providing the radial communicating opening
in the catheter as an elongated longitudinally extending
slot for accommodating the electrically conductive wires
from the catheters, the wires can be initially electrically
coupled to the underside of the electrodes, namely, the
surface of the electrodes which is adjacent the catheter
prior to assembling the electrodes to the catheter, and
the wires can be readily easily inserted through the elon-
gated slot into the first axial communicating bore of the
catheter and then urged through the first axial commu-
nicating bore to the proximal end thereof prior to securing
the electrodes to the catheter.
[0064] The invention will be more clearly understood
from the following description of some preferred embod-
iments thereof, which are given by way of example only,
with reference to the accompanying drawings, which are
not to scale, and in which:

Fig. 1 is a transverse cross-sectional side elevational
view of a portion of a catheter according to an ex-
ample that does not form part of the claimed inven-
tion,

Fig. 2 is a view similar to Fig. 1 of a portion of a
catheter according to another example that does not
form part of the claimed invention,

Fig. 3 is a view similar to Fig. 1 of a portion of a
catheter according to a further example that does
not form part of the claimed invention,

Fig. 4 is a transverse cross-sectional side elevational
view of a portion of a catheter according to another
example that does not form part of the claimed in-
vention,

Fig. 5 is a view similar to Fig. 1 of a portion of a
catheter according to a still further example that does
not form part of the claimed invention,

Fig. 6 is a transverse cross-sectional end elevational
view of the catheter of Fig. 5,

Fig. 7 is a perspective view of a distal end portion of
a catheter produced according to an embodiment of
the invention,

Fig. 8 is an enlarged perspective view of a portion
of the catheter of Fig. 7,

Fig. 9 is a perspective developed view of another
portion of the catheter of Fig. 7,

Fig. 10 is a top plan view of the portion of Fig. 9 being
formed,

Fig. 11 is a perspective developed view of a portion
of a catheter which may be used in connection with
any of the catheters of Figs. 1 to 10,

Fig. 12 is a perspective view of a distal end portion
of another catheter also according to an example
that does not form part of the claimed invention,

Fig. 13 is a perspective view of a portion of the cath-
eter of Fig. 12,

Fig. 14 is a perspective view of a distal end portion
of another catheter according to another example
that does not form part of the claimed invention,

Fig. 15 is a side elevational view of a portion of a
catheter produced according to a further embodi-
ment of the invention,

Fig. 16 is a perspective view of a portion of the cath-
eter of Fig. 15,

Fig. 17 is another perspective view of the portion of
Fig. 16,

Fig. 18 is an end elevational view of the portion of
Fig. 17,

Fig. 19 is a perspective view of another portion of
the catheter of Fig. 15,

Fig. 20 is a transverse cross-sectional end elevation-
al view of the catheter of Fig. 15 being assembled,

Fig. 21 is a transverse cross-sectional end elevation-
al view similar to Fig. 20 of the catheter of Fig. 15
also being assembled,

Fig. 22 is a transverse cross-sectional end elevation-
al view of the catheter of Fig. 15,

Fig. 23 is a transverse cross-sectional end elevation-
al view of a portion of the catheter of Fig. 15,

Fig. 24 is a side elevational view of a portion of a
catheter according to a still further embodiment of
the invention, and

Fig. 25 is a transverse cross-sectional side eleva-
tional view of the portion of the catheter of Fig. 24.

[0065] Referring to the drawings and initially to Fig. 1,
there is illustrated a catheter according to an example
that does not form part of the claimed invention, indicated
generally by the reference numeral 1, which is produced
by a method also according to the invention. The catheter
1 is of an extruded polymer material and extends from a
proximal end 3 to a distal end 4, and comprises a plurality
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of axially spaced apart electrodes 5 located on an outer
surface 6 of the catheter 1 adjacent the distal end 4. Al-
though in Fig. 1 only two electrodes 5 are illustrated,
many more electrodes similar to the two electrodes 5
illustrated are provided, and in this example twenty elec-
trodes are provided. The electrodes 5 may be provided
for many uses, for example, for use in determining the
cross-sectional area or volume of a lumen, a hollow or-
gan, vessel or the like, into which the distal end 4 of the
catheter 5 is inserted or for ablating cancerous or other-
wise infected tissue in a hollow organ, for example, the
oesophagus, or other such organ, vessel or the like. The
use of catheters in determining transverse cross-section-
al area and/or volume of a hollow organ or for ablating
tissue will be well known to those skilled in the art.
[0066] Each electrode 5 in this example is formed by
an electrically conductive element, which in this case
comprises an elongated strip of electrically conductive
tape 7 having an adhesive backing 8 which bonds the
electrically conductive tape 7 onto the outer surface 6 of
the catheter 1. The electrically conductive tape 7 extends
completely around the catheter 1 to form a band elec-
trode, and preferably, is of thickness in the range of 35
microns to 50 microns. Any suitable electrically conduc-
tive tape may be used, however, in this example the ad-
hesive backed electrically conductive tape 7 is, for ex-
ample, conductive Electromask Tape sold by Laird Tech-
nologies of St Louis, Missouri, United States of America.
The adhesive backing on the tape 7 is a contact adhesive,
and may be electrically conductive or non-electrically
conductive. In this example the electrical conductivity or
otherwise of the adhesive backing on the tape 6 is not
important.
[0067] An axial communicating bore 9 extends axially
through the catheter 1 from the proximal end 3 to the
distal end 4 thereof for accommodating electrically con-
ductive means, namely, a plurality of insulated electrically
conductive wires 10 which are electrically coupled to the
electrodes 5. One electrically conductive wire 10 is pro-
vided for each electrode 5. Radial communicating open-
ings 12 extend radially through the catheter 1 from the
axial communicating bore 9 for accommodating the wires
10 therethrough to the respective corresponding elec-
trodes 5. Each wire 10 is electrically coupled to the tape
7 of the corresponding electrode 5 to an outer surface of
the tape 7, namely, the surface of the tape 7 remote of
the catheter 1 by an electrically conductive adhesive 14.
Prior to coupling the wires 10 to the electrodes 5 by the
adhesive 14, insulation is skived from the distal ends of
the wires 10. The wires 10 extend from the electrodes 5
through the corresponding radial communicating open-
ings 12, and in turn through the axial communicating bore
9 to the proximal end 3 thereof, and extend outwardly
from the proximal end 3 for coupling to electronic control
and analysing apparatus (not shown) of the type which
will be well known to those skilled in the art. Alternatively,
the distal ends of the wires 10 may be coupled to the
electrodes 5 by soldering, welding, induction welding, ul-

trasonic welding or any other suitable electrical coupling
means, and in the case of soldering and welding, the
insulation on the wires 10 is sufficiently thin such that the
insulation would melt during soldering or welding, thereby
obviating the need to skive the ends of the wires 10.
[0068] An axial medium accommodating bore 16 ex-
tends axially through the catheter 1 from the proximal
end 3 thereof to the distal end 4 for accommodating a
fluid therethrough. A plurality of radial medium accom-
modating bores 17 extends through the catheter 1 adja-
cent the distal end 4 thereof and communicates with the
axial medium accommodating bore 16 for accommodat-
ing fluid into or out of the axial medium accommodating
bore 16. The catheter 1 terminates at its distal end in an
epoxy plug 18 of hemispherical shape which seals the
distal end of the axial communicating bore 9 and the axial
medium accommodating bore 16. Alternatively, the distal
tip of the catheter 1 may be melted to seal the distal ends
of the bores 9 and 16. The axial and radial medium ac-
commodating bores 16 and 17 may be used for delivering
a fluid to a hollow organ into which the catheter 1 has
been inserted, for example, an electrically conductive
medium, such as an electrically conductive saline solu-
tion, which may be used for determining the cross-sec-
tional area of the organ or the volume thereof, and addi-
tionally or alternatively the second axial and radial me-
dium accommodating bores 16 and 17 may be used for
withdrawing a fluid from the hollow organ, such as a sam-
ple of body fluid.
[0069] Depending on the use to which the catheter 1
is to be put, the catheter is inserted into a hollow organ
or vessel of a subject. The organ or vessel may be any
organ, for example, the oesophagus, the colon, intestine,
urethra, an artery, vein, a cavity of the heart, the lung or
the like. The wires 10 of the catheter 1 are coupled to the
electronic control and analysing apparatus (not shown),
and if appropriate, a fluid is delivered to the organ or
removed therefrom through the second axial and radial
bores 16 and 17.
[0070] To manufacture the catheter 1, the catheter 1
is extruded with the axial bores 9 and 16 extending there-
through. The radial openings 12 and the radial bores 17
are drilled into the respective axial bores 9 and 16, re-
spectively. The electrically conductive tapes 7 are
wrapped around the catheter 1 at appropriate axial spac-
ings adjacent the bores 12, and bonded thereto by the
adhesive backing 8. The wires 10 are passed into the
axial communication bore 9 through the respective radial
communicating openings 12 and urged along the axial
communicating bore 9 until they exit the proximal end 3
of the bore 9. The distal ends of the wires 10 are skived
and electrically coupled to the respective adjacent tapes
7 to the outer surface thereof by the electronically con-
ductive adhesive 14. The distal ends 4 of the bores 9 and
16 are sealed by the epoxy plug 18.
[0071] Referring now to Fig. 2, there is illustrated a
catheter 20 according to another example that does not
form part of the claimed invention. The catheter 20 is
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substantially similar to the catheter 1 and similar compo-
nents are identified by the same reference numerals. The
main difference between the catheter 20 and the catheter
1 is in the coupling of the wires 10 to the tapes 7 of the
respective electrodes 5. In this example the tapes 7 of
the respective electrodes 5 extends around the catheter
1 over the radial communicating openings 12 and the
skived ends of the wires 10 are entrapped between the
corresponding tapes 7 and the catheter 1. In this case
the adhesive backing 8 on the tapes 7 is an electrically
conductive contact adhesive for electrically coupling the
skived ends of the wires 10 to the tapes 7.
[0072] To assemble the catheter 20 according to this
example the wires 10 are passed through the radial com-
municating openings 12 into the axial communicating
bore 9 and urged through to the proximal end 3. The ends
of the wires 10 extending from the radial communicating
openings 12 are skived and folded over to lie longitudi-
nally along the outer surface 6 of the catheter 20. The
adhesive backed tape 7 forming each electrode 5 is then
wrapped around the catheter 1 over the corresponding
radial communicating opening 12 with the skived end of
the corresponding wire 10 entrapped between the tape
7 and the catheter 20 with the wire 10 electrically coupled
to the tape 7 by the electrically conductive backing ad-
hesive 8.
[0073] Although for convenience an axial medium ac-
commodating bore and radial medium accommodating
bores have not been illustrated in the catheter 20, such
bores, if desired, may also be provided.
[0074] Otherwise, the catheter 20 is similar to the cath-
eter 1.
[0075] Referring now to Fig. 3, there is illustrated a
catheter 30 according to another example that does not
form part of the claimed invention. The catheter 30 is
substantially similar to the catheter 1, and similar com-
ponents are identified by the same reference numerals.
The main difference between the catheter 30 and the
catheter 1 is that the adhesive backed tape 7 of each
electrode 5 is located over the corresponding radial com-
municating opening 12, and is provided with a wire ac-
commodating opening 31 extending therethrough. The
wire accommodating opening 31 of each electrode 5 is
aligned with the corresponding radial communicating
opening 12 for accommodating the corresponding wire
10 therethrough to an outer surface 32 of the tape 7. The
skived ends of the wires 10 are folded over and electri-
cally coupled to the outer surface 32 of the corresponding
tape 7 by an electrically conductive adhesive 33, which
typically closes the wire accommodating opening 31 of
the corresponding tape 7. In this embodiment of the in-
vention the electrically conductive tape 7 may be adhe-
sive backed with an electrically conductive or a non-elec-
trically conductive adhesive.
[0076] Although for convenience an axial medium ac-
commodating bore and radial medium accommodating
bores have not been illustrated in the catheter 30, such
bores, if desired, may also be provided.

[0077] Otherwise, the catheter 30 is similar to the cath-
eter 1.
[0078] Referring now to Fig. 4, there is illustrated a
portion of a catheter 40 according to another example
that does not form part of the claimed invention. The cath-
eter 40 is substantially similar to the catheter 1, and sim-
ilar components are identified by the same reference nu-
merals. The main difference between the catheter 40 and
the catheter 1 is that instead of the wires 10 being elec-
trically coupled to the adhesive backed tapes 7 of the
corresponding electrodes on an outer surface of the
tapes 7, the skived ends of the wires 10 corresponding
to the respective electrodes 5 are entrapped between
the tapes 7 and the catheter 1, in similar fashion as that
of the catheter 20. The adhesive backing 8 of the tapes
7 is an electrically conductive contact adhesive, and the
skived ends of the wires 10 are electrically coupled to
the corresponding tapes 7 by the adhesive backing 8.
[0079] Although for convenience an axial medium ac-
commodating bore and radial medium accommodating
bores have not been illustrated in the catheter 40, such
bores, if desired, may also be provided.
[0080] Otherwise the catheter 40 is similar to the cath-
eter 1.
[0081] Referring now to Figs. 5 and 6, there is illustrat-
ed a catheter according to another example that does
not form part of the claimed invention, indicated generally
by the reference numeral 50. The catheter 50 is substan-
tially similar to the catheter 1 and similar components are
identified by the same reference numerals. The only dif-
ference between the catheter 50 and the catheter 1 is
that the skived ends of the wires 10 are accommodated
in longitudinally extending grooves 51 which extend lon-
gitudinally from the corresponding radial communicating
opening 12. In fact, the construction of the catheter 50 is
almost identical to the construction of the catheter 20 of
Fig. 2, with the exception that the skived ends of the wires
10 are recessed into the longitudinal grooves 51. The
depth of each groove 51 is substantially similar to, but
just less than, the diameter of the transverse cross-sec-
tion of the skived ends of the wires 10 so that when the
skived ends of the wires 10 are located in the correspond-
ing grooves 51, the skived ends of the wires 10 abut the
adhesive backing 8 of the tapes 7 of the corresponding
electrodes 5. In this example the adhesive backing 8 of
the tapes 7 of the electrodes 5 is an electrically conduc-
tive contact adhesive for maintaining electrical continuity
between the wires 10 and the respective tapes 7 of the
corresponding electrodes 5.
[0082] Although for convenience an axial medium ac-
commodating bore and radial medium accommodating
bores have not been illustrated in the catheter 50, such
bores, if desired, may also be provided.
[0083] Referring now to Figs. 7 to 10, there is illustrated
a distal portion of a catheter produced according to an
embodiment of the invention, indicated generally by the
reference numeral 60. The catheter 60 is substantially
similar to the catheter 1, and similar components are
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identified by the same reference numerals. The catheter
60 comprises a plurality of axially spaced apart elec-
trodes 5 which extend completely circumferentially
around the outer surface 6 of the catheter 60. Each elec-
trode 5 comprises an electrically conductive element 61,
and the electrically conductive elements 61 are formed
from a single sheet 62 of electrically conductive metallic
foil of thickness of the order of 35 microns to 50 microns
having an adhesive backing 63.
[0084] A protective releasable sheet 64 protects the
adhesive backing 63 of metallic foil sheet 62. In this em-
bodiment of the invention the electrically conductive el-
ements 61 extend circumferentially completely around
the catheter 60 to form the electrodes 5 as band elec-
trodes.
[0085] To form the electrically conductive elements 61,
the sheet 62 of metallic foil is cut along the broken lines
65 illustrated in Fig. 10 to form the electrically conductive
elements 61 and to form connecting portions 66 located
between and connecting the electrically conductive
members 61 in the appropriate spaced relationship. In
this embodiment of the invention the electrically conduc-
tive elements 61 are to be equispaced apart from each
other, and accordingly, the connecting portions 66 of the
metallic foil are of similar lengths extending between the
electrically conductive elements 61. The connecting por-
tions 66 retain the electrically conductive elements 61
together and appropriately spaced apart until the electri-
cally conductive elements 61 have been bonded to the
catheter 5 by the adhesive backing 63.
[0086] To assemble the catheter 60, with the electri-
cally conductive elements 61 formed in the sheet 62 of
metallic foil and connected together by the connecting
portions 66, the protective sheet 64 is removed from the
adhesive backing 63, and the electrically conductive el-
ements 61 connected by the connecting portions 66 are
offered up to the catheter, with the connecting portions
66 extending longitudinally of the catheter 60. With the
connecting portions 66 extending longitudinally of the
catheter 60 and the electrically conductive elements 61
extending transversely thereof, the electrically conduc-
tive elements 61 and the connecting portions 66 are ma-
noeuvred axially along the catheter 60 until the electri-
cally conductive elements 61 are located at the appro-
priate locations on the catheter 60 adjacent the corre-
sponding radial communicating openings 12. The con-
necting portions 66 are then brought into contact with the
catheter 60 and bonded thereto by the adhesive backing
63. The electrically conductive elements 61 are then
wrapped around the catheter to form the band electrodes
5 with free ends 67 of the electrically conductive elements
61 abutting each other. The electrically conductive ele-
ments 61 are then severed from the adjacent connecting
portions 66, which are removed from the catheter 60.
[0087] However, in certain cases, it is envisaged that
the connecting portions 66 may be left on the catheter
60, but would be severed in order to break electrical con-
tinuity between the adjacent electrically conductive ele-

ments 61. The insulated electrically conductive wires 10
are then passed into the axial communicating bore 9
through the radial communicating openings 12 and are
urged through the axial communicating bore 9 to the prox-
imal end 3 of the catheter 1. Free ends of the wires 10
extending outwardly through the radial communicating
openings 12 are skived and are electrically coupled to
the outer surface 68 of the corresponding electrically con-
ductive elements 61 by an electrically conductive adhe-
sive 69 or by soldering or by other suitable electrical cou-
pling means.
[0088] Although not illustrated, an axial medium ac-
commodating bore similar to the axial medium accom-
modating bore 16 of the catheter 1 may be provided ex-
tending axially through the catheter 60 from the proximal
end thereof towards the distal end, and a plurality of radial
medium accommodating bores similar to the radial me-
dium accommodating bores 17 of the catheter 1 may be
provided extending from the axial medium accommodat-
ing bore through the catheter for accommodating a fluid
into or out of the axial medium accommodating bore.
[0089] Otherwise, the catheter 60 is similar to the cath-
eter 1, as is its use.
[0090] Referring now to Fig. 11, there is illustrated a
plurality of electrically conductive elements 70 which
have been formed from a sheet 71 of electrically conduc-
tive metallic foil of thickness of the order of 35 microns
to 50 microns. The electrically conductive elements 70
are provided to form band electrodes similar to the elec-
trodes 5 of the catheters described with reference to Figs.
1 to 10, and for bonding to any one of the catheters of
Figs. 1 to 10. The foil sheet 71 is similar to the foil sheet
62 of Figs. 9 and 10, and comprises an adhesive backing
73 which is protected by a protective releasable sheet
74. The electrically conductive elements 70 are joined
by a plurality of connecting portions 75 which form an
elongated connecting portion 76 from which the electri-
cally conductive elements 70 extend transversely there-
from. The elongated connecting portion 76 retains the
electrically conductive elements 70 together and appro-
priately spaced apart until the electrically conductive el-
ements 70 have been bonded to the catheter.
[0091] In this embodiment of the invention prior to
bonding the electrically conductive elements 70 to any
one of the catheters of Figs. 1 to 10, for example, the
catheter 50 of Figs. 5 and 6, a portion of the protective
sheet 74 is peeled back from the free ends 77 of the
electrically conductive elements 70, and the electrically
conductive wires 10 are electrically coupled to respective
corresponding ones of the electrically conductive ele-
ments 70 by the adhesive backing 73. The adhesive
backing 73 is an electrically conductive contact adhesive
in order to provide electrical continuity between the wires
10 and the corresponding electrically conductive ele-
ments 70. Alternatively, an additional electrically conduc-
tive adhesive as well as the adhesive backing 73 may be
used to electrically couple the wires 10 to the correspond-
ing electrically conductive elements 70. In a further alter-
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native embodiment of the invention the electrically con-
ductive wires 10 may be soldered or welded to the elec-
trically conductive elements 70 adjacent the free ends
thereof, however, in which case, the adhesive backing
73 would have to be removed from the electrically con-
ductive elements 70 in respective local areas adjacent
the solder or weld joints, in order to facilitate soldering or
welding of the wires 10 to the electrically conductive el-
ements 70.
[0092] On being electrically coupled to the electrically
conductive elements 70, the wires 10 are then threaded
through corresponding ones of the radial communicating
openings 12 of the catheter 50 into the axial communi-
cating bore 9 and in turn through the axial communicating
bore 9 to the proximal end 3 of the catheter 50. When
the wires 10 have been fully threaded through the radial
communicating openings 12 and the first axial commu-
nicating bores 9, the free ends 77 of the electrically con-
ductive elements 70 are initially brought into contact with
the catheter 50 and bonded thereto by the adhesive back-
ing 73. The portions of the protective sheet 74 on the
electrically conductive elements 70 are then progressive-
ly peeled from the adhesive backing on the electrically
conductive elements 70 towards the elongated connect-
ing portion 74, and as the portions of the protective sheet
74 are being peeled from the adhesive backing 73, the
electrically conductive elements 70 are progressively
wrapped around the catheter 50, thereby progressively
bringing the adhesive backing 73 of the electrically con-
ductive elements 70 into contact with the catheter 50 for
progressively bonding the electrically conductive ele-
ments 70 to the catheter 50. On the electrically conduc-
tive elements 70 being bonded to the catheter 50, and
extending completely around the catheter 50 to form the
electrodes 5, the electrically conductive elements 70 are
then severed from the elongated connecting portion 76
in order to mutually isolate the electrodes. Since the wires
10 are electrically coupled to the electrically conductive
elements 70 on the same side as the adhesive backing
73, the electrically conductive wires 10 are electrically
coupled to the electrically conductive elements 70 on the
underside thereof. Thus, the electrically conductive cou-
pling joints between the wires 10 and the electrically con-
ductive elements 70 are located within the respective ra-
dial communicating openings 12, thereby minimising pro-
jections from the catheter 50.
[0093] Referring now to Figs. 12 and 13, there is illus-
trated a catheter according to an example that does not
form part of the claimed invention, indicated generally by
the reference numeral 80. The catheter 80 is substantially
similar to the catheter 1 and similar components are iden-
tified by the same reference numerals. The main differ-
ence between the catheter 80 and the catheter 1 is that
in this example the electrodes 5 are formed by electrically
conductive elements 81 which are machined from a sin-
gle elongated hollow cylinder 82 of electrically conductive
semi-rigid metallic material. The cylinder 82 is machined
so that the electrically conductive elements 81 are in the

form of endless bands, which are joined by connecting
portions 83 of the cylinder 82 for facilitating assembly of
the electrically conductive elements 81 onto the catheter
80. The internal diameter of the cylinder 82 corresponds
to the external diameter of the catheter 80, so that the
electrically conductive elements 81 are a tight sliding fit
on the catheter 80. When formed, the electrically con-
ductive elements 81 while still joined by the connecting
portions 83 are slid over the catheter 80 and positioned
with the electrically conductive elements 81 located ad-
jacent the corresponding radial communicating openings
12, so that electrically conductive wires 10 can subse-
quently be electrically coupled to outer surface 84 of the
electrically conductive elements 81 by an electrically con-
ductive adhesive or by soldering or welding. Once posi-
tioned on the catheter 80, the electrically conductive el-
ements 81 are bonded and/or crimped onto the catheter
80, and the connecting portions 83 are severed and re-
moved for mutually insulating the electrodes 81. The con-
necting portions 83 may be severed or removed com-
pletely by any suitable means, for example, chemical
etching or the like. The wires 10 are then passed through
the radial communicating openings 12 into the axial com-
municating bore 9, and urged along the bore 9 to the
proximal end 3 of the catheter 80. The distal ends of the
wires 10 are skived and electrically coupled to the cor-
responding electrically conductive elements.
[0094] In this example the metallic material of the cyl-
inder, while it is semi-rigid, nonetheless is deformable for
facilitating crimping of the electrically conductive ele-
ments 81 onto the catheter 80.
[0095] Otherwise, the catheter 80 is similar to the cath-
eter 1.
[0096] Referring now to Fig. 14, there is illustrated a
catheter according to an example that does not form part
of the claimed invention, indicated generally by the ref-
erence numeral 90. The catheter 90 is substantially sim-
ilar to the catheter 1, and similar components are identi-
fied by the same reference numerals. However, in this
example the mutually insulated electrically conductive
wires 10 instead of extending through an axial commu-
nicating bore 9 are integrally moulded or extruded, and
typically extruded with the material of the catheter 90 in
a wall 91 thereof, and extend through the wall 91 around
the catheter 90 in the form of a long pitch helix. Contact
is made with the wires 10 by skiving respective portions
92 of the wall 91 of the catheter 90 adjacent locations
where electrodes 5 are to be provided. The wires 10 when
located in the skived portions 92 of the catheter 90 may
be either pulled out of the catheter 90 through the skived
portions 92 by pulling the distal portion of the wires 10
through the skived portions 92, and then the correspond-
ing wires 10 may be electrically coupled to the adjacent
electrodes 5 by an electrically conductive adhesive or by
soldering or welding. Alternatively, the skived portion 92
of the catheter 90 may be filled with solder or an electri-
cally conductive adhesive so that when the electrodes 5
are secured to the catheter 90, the electrodes make elec-
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trical contact with the corresponding wires 10 through
the adhesive or solder formed in the skived portions 92.
In this example the electrodes 5 are illustrated in broken
lines extending over the skived portions 92 where elec-
trical contact is made between the electrodes 5 and the
corresponding wires 10 through the electrically conduc-
tive adhesive or solder formed in the skived portions 92
of the catheter 90.
[0097] The electrodes 5 may be any suitable elec-
trodes, band type or otherwise, and if band type elec-
trodes, may be provided in the form of the electrodes of
any of the catheters described with reference to Figs. 1
to 13.
[0098] As can be seen in this example, an axial medium
accommodating bore 16 extends axially through the cath-
eter 90 and is closed at its distal end, and radial medium
accommodating bores 17 extend through the wall 91 of
the catheter 90 between the electrodes 5 and between
the wires 10 into the axial medium accommodating bore
16 for accommodating fluid into or out of the second axial
communicating bore 16.
[0099] Otherwise, the catheter 90 is similar to the cath-
eter 1.
[0100] Referring now to Figs. 15 to 23, there is illus-
trated a catheter produced according to a further embod-
iment of the invention, indicated generally by the refer-
ence numeral 100, which is produced by a method ac-
cording to another embodiment of the invention, which
will be described in detail below. The catheter 100 is sub-
stantially similar to the catheter 1, and similar compo-
nents are identified by the same reference numerals. The
catheter 100 according to this embodiment of the inven-
tion is particularly suited for use in determining transverse
cross-sectional dimensions of a vessel, cavity, lumen or
the like into which the catheter 1 is introduced. The cath-
eter 1 is also particularly suitable for use in conjunction
with an inflatable element located around the catheter of
the type which will be described in more detail below,
with reference to Figs. 24 and 25.
[0101] Referring now in particular to Fig. 15, the cath-
eter 100 is of an extruded polymer material, and extends
between a proximal end 3 and a distal end 4. A plurality
of spaced apart electrodes 5, namely, two stimulating
electrodes 101 and seventeen receiving electrodes 102
are bonded to the catheter 100 adjacent its distal end 4.
The electrodes 5 are of electrically conductive metal foil
material and extend completely around the catheter 100
with respective opposite ends of the electrodes 5 abutting
each other.
[0102] Referring now to Figs. 16 to 23, an axial com-
municating bore 9 extending longitudinally through the
catheter 100 from the proximal end 3 to the distal end 4
accommodates a loom 103 of the mutually insulated elec-
trically conductive wires 10 from the proximal end 3 to
the electrodes 5 for individually coupling the respective
electrodes 5 to remote electronic control and analysing
apparatus (not shown) provided externally and inde-
pendently of the catheter 100 for applying stimulating sig-

nals to the stimulating electrodes 101 and analysing re-
sulting signals produced on the receiving electrodes 102
in response to the stimulating signal for determining char-
acteristics of a vessel, cavity or lumen in which the distal
end 4 of the catheter 100 is located as will be briefly
described below. One insulated wire 10 is provided for
each electrode 5, and thus, nineteen wires 10 are pro-
vided in the loom 103 for the electrodes 5.
[0103] A portion of the axial communicating bore 9 ex-
tends through the catheter 100 relatively closely to the
outer circumferential surface 6 of the catheter 100 at one
portion thereof for facilitating the formation of a single
radial communicating opening, which in this case is a
longitudinally extending elongated communicating slot
105 for accommodating the loom 103 of the wires 10
therethrough from the axial communicating bore 9 for
electrically coupling the wires 10 to the respective corre-
sponding electrodes 5.
[0104] A first axial medium accommodating bore 16
extends through the catheter 100 from the proximal end
3 to the distal end 4 for delivering an electrically conduc-
tive fluid into the vessel, cavity or lumen within which the
distal end 4 of the catheter 100 is located. A pair of spaced
apart first radial medium accommodating bores 17 ex-
tending radially through the catheter 100 communicate
with the first axial medium accommodating bore 16 for
accommodating fluid from the first axial medium accom-
modating bore 16 into the vessel, cavity or lumen in which
the distal end 4 of the catheter 100 is located, or vice
versa.
[0105] A second axial medium accommodating bore
106 extends longitudinally through the catheter 100 from
the proximal end 3 to the distal end 4, and a pair of second
radial medium accommodating bores 107 extending ra-
dially through the catheter 100 communicates the second
axial medium accommodating bore 106 with the vessel,
cavity or lumen in which the distal end 4 of the catheter
100 is located. The second axial medium accommodat-
ing bore 106 may be used for monitoring the pressure of
fluid pumped into the vessel, cavity or lumen in which the
distal end 4 of the catheter 100 is located by using suitable
pressure monitoring apparatus located at the proximal
end 3 of the catheter 100 or remotely therefrom. Ends of
the axial communicating bore 9 and the first and second
medium accommodating bores 16 and 106 adjacent the
distal end 4 of the catheter 100 are sealed by a suitable
sealant, a plug or a closure cap, or by melting the distal
end 4 of the catheter 100. The end of the axial commu-
nicating bore 9 at the proximal end of the catheter 100
with the wires 10 extending therethrough is also sealed.
[0106] Referring now to Figs. 16 to 23, the method for
producing the catheter 100 will now be described. The
electrodes 5 are formed from a single sheet 110 of the
electrically conductive metal foil material, typically, of
thickness of the order of 35 microns to 50 microns. In this
embodiment of the invention the sheet 110 is not provided
with an adhesive backing. Slots 111 are formed in the
sheet 110 to define electrically conductive elements 114,
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which in turn form the electrodes 5, extending between
respective elongated side connecting portions 112 and
113. The slots 111 define the electrically conductive el-
ements 114 extending parallel to each other. The side
connecting portions 112 and 113 act to retain the elec-
trically conductive elements 114 together and appropri-
ately spaced apart from each other until the electrically
conductive elements have been bonded to the catheter
100. The electrically conductive elements 114 which form
the receiving electrodes 102 are retained equispaced
apart from each other, and the electrically conductive el-
ements 114 which form the stimulating electrodes 101
are retained spaced apart from the respective adjacent
receiving electrodes 102 a distance greater than the
spacing between the receiving electrodes 102, although
the spacing between the stimulating electrodes 101 and
the adjacent receiving electrodes 102 may be equal to
or less than the spacing between the receiving electrodes
102. The length of the electrically conductive elements
114 between the side connecting portions 112 and 113
is such that the electrically conductive elements 114 ex-
tend completely around the catheter 100 with free ends
115 thereof abutting each other, although if desired, the
electrically conductive elements 114 could be of length
such that the free ends 115 thereof overlap when
wrapped around the catheter 100.
[0107] After the electrically conductive elements 114
extending between the connecting portions 112 and 113
have been formed by the slots 111, the wires 10 are elec-
trically coupled to the electrically conductive elements
114 intermediate the free ends 115 thereof, and substan-
tially centrally relative to the free ends 115. The electrical
coupling of the wires 10 to the electrically conductive el-
ements 114 may be by soldering, by an electrically con-
ductive adhesive, by induction welding or the like. The
wires 10 are soldered, welded or bonded to the electri-
cally conductive elements 114 so that the coupling joint
is located on the underside 116 thereof when the elec-
trically conductive elements 114 are bonded to the cath-
eter 100.
[0108] With the wires 10 electrically coupled to the
electrically conductive elements 114, two elongated piec-
es of double-sided adhesive tape 118 are secured to the
electrically conductive elements 114 on respective op-
posite sides of the locations at which the wires 70 are
electrically coupled to the electrically conductive ele-
ments 114, and between the wires 10 and the respective
free ends 115 of the electrically conductive elements 114.
The double-sided tapes 118 are secured to the electri-
cally conductive elements 114 extending parallel to the
connecting portions 112 and 113, and with the electrodes
5 extending transversely of the tapes 118. The double-
sided tapes 118 are provided with protective releasable
sheets extending on respective opposite faces of the
tapes 118 for protecting the adhesive on the respective
opposite faces thereof. Only one of the protective sheets
is removed from each of the tapes 118 as the tapes 118
are being secured to the electrically conductive elements

114. The remaining protective sheet, namely, the protec-
tive sheet 119 on each of the tapes 118 is not removed
until the electrically conductive elements 114 are about
to be bonded to the catheter 100.
[0109] The wires 10 having been electrically coupled
to the electrically conductive elements 114 are next in-
serted into the axial communicating bore 9 through the
communicating slot 105, and are urged through the axial
communicating bore 9 until they extend outwardly thereof
through the proximal end 3. With the wires 10 extending
through the communicating slot 105, and with the double-
sided adhesive tapes 118 secured to the electrically con-
ductive elements 114, the electrically conductive ele-
ments 114 are located on the catheter 100 extending
transversely of the communicating slot 105 with the side
connecting portions 112 and 113 extending parallel to
the catheter 100. The remaining protective sheets 119
are then removed from the double-sided adhesive tapes
118 and the electrically conductive elements 114 are
wrapped around the catheter 100 on respective opposite
sides of the communicating slot 105, and are bonded to
the catheter 100 by the double-sided adhesive tapes 118.
[0110] The electrically conductive elements 114 are
then severed from the respective connecting portions
112 and 113 adjacent the free ends 115 thereof. The
portion of the respective tapes 118 adjacent the free ends
115 of the electrically conductive elements 114 along with
the free ends 115 of the electrically conductive elements
114 are urged into engagement with the catheter 101 for
securing the free ends 115 thereof to the catheter 100.
As discussed above, the length of the electrically con-
ductive elements 114 between their respective free ends
115 is such that when the free ends 115 are secured to
the catheter 100 by the double-sided adhesive tapes 118,
the free ends 115 of the electrically conductive elements
114 abut each other to form the electrodes 5 as band
electrodes. Since the electrodes 5 have been severed
from the respective connecting members 112 and 113,
the electrodes 5 are mutually insulated from each other.
In this embodiment of the invention both the double-sided
adhesive tapes 118 and the adhesives thereof are non-
electrically conductive in order to ensure mutual insula-
tion of the electrodes 5.
[0111] In an alternative method for bonding the elec-
trically conductive elements 114 to the catheter 100, the
wires 10 are initially inserted into the axial communicating
bore 9 through the communicating slot 105 and urged
along the axial communicating bore 9 to extend through
the proximal end 3 thereof. The distal portions of the wires
10 extending outwardly through the communicating slot
105 are then electrically coupled to the respective elec-
trically conductive elements 114, which at this stage are
provided with the respective double-sided tapes 118 lo-
cated thereon extending parallel to the respective side
connecting portions 112 and 113. The wires 10 are then
further pulled through the axial communicating bore 9
from the proximal end thereof, thereby urging the elec-
trically conductive elements 114 towards the catheter
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100 adjacent the communicating slot 105. By further ma-
nipulation of the wires 10 and the electrically conductive
elements 114, the electrically conductive elements 114
are located in the desired respective locations on the
catheter 100 and are located extending transversely of
the communicating slot 105.
[0112] The protective sheet 119 is then progressively
removed from one of the double-sided adhesive tapes
118 and the portions of the electrically conductive ele-
ments 114 adjacent that double-sided adhesive tape 118
are progressively wrapped around the catheter, thereby
progressively urging the double-sided adhesive tape 118
into engagement with the catheter for bonding the cor-
responding portions of the electrically conductive ele-
ments 114 to the catheter. The adjacent side connection
portion 112 or 113 is then severed from the electrically
conductive elements 114. The protective sheet 119 of
the other double-sided adhesive tape 118 is then pro-
gressively removed from the remaining double-sided ad-
hesive tape 118, and the remaining portions of the elec-
trically conductive elements 114 are progressively
wrapped around the catheter 100, thereby progressively
urging the corresponding double-sided adhesive tape
118 into bonding engagement with the catheter 100 for
bonding the corresponding portions of the electrically
conductive elements 114 to the catheter 100. Prior to
bonding the free ends of the remaining portions of the
electrically conductive elements 114 to the catheter 100,
the remaining one of the side connecting portions 112
and 113 is severed from the electrically conductive ele-
ments 114, and the free ends of the electrically conduc-
tive elements 114 are then urged towards the catheter,
for bonding thereof with the adjacent double-sided ad-
hesive tape 118. Since, as discussed above, the electri-
cally conductive elements 114 are of length to extend
completely around the catheter 100 with the respective
free ends of each electrically conductive element abutting
each other, once the remaining free ends of the electri-
cally conductive elements 114 have been bonded to the
catheter 100 by the corresponding double-sided adhe-
sive tape 118, the respective free ends of each electrically
conductive element 114 abut each other so that the elec-
trically conductive elements 114 form band type elec-
trodes extending completely around the catheter 100.
[0113] The portions of the double-sided adhesive
tapes 118 intermediate the electrodes 5, in general, is
left on the catheter. However, if desired, the portions of
the double-sided adhesive tapes 118 intermediate the
electrodes 5 could be removed.
[0114] Alternatively, if desired, instead of applying the
double-sided adhesive tapes 118 initially to the electri-
cally conductive elements 114, the double-sided adhe-
sive tapes 118 could instead be initially applied to the
catheter 100 extending longitudinally on respective op-
posite sides of the communicating slot 105, and the elec-
trically conductive elements 114 would then be secured
to the double-sided tapes 118 as the electrically conduc-
tive elements 114 are being simultaneously wrapped

around the catheter 100.
[0115] It is also envisaged that instead of securing the
electrically conductive elements 114 to the catheter 100
by double-sided adhesive tapes 118, the electrically con-
ductive elements 114 could be secured to the catheter
100 by an adhesive, which could be applied directly to
the underside of the electrically conductive elements 114
or to the outer surface 6 of the catheter 100. Indeed, in
certain cases, it is envisaged that openings may be pro-
vided in the electrically conductive elements 114 at suit-
able locations intermediate the locations at which the
wires 10 are secured to the electrically conductive ele-
ments 114 and the free ends 115 thereof for facilitating
injecting a suitable adhesive therethrough between the
electrically conductive elements 114 and the outer sur-
face 6 of the catheter 100.
[0116] Turning now to the catheter 100, the catheter
100 is extruded, and the axial communicating bore 9 as
well as the first and second axial medium accommodat-
ing bores 16 and 106 are formed as the catheter 1 is
being extruded. The bores 9, 16 and 106 are formed so
that respective portions of the bores 9 and 106 along
their lengths at locations 120, 121 and 123, respectively,
are located relatively closely to the outer surface 6 of the
catheter 100. After extrusion, the elongated communi-
cating slot 105 is formed towards the distal end 4 of the
catheter 100, so that the communicating slot 105 com-
municates directly with the axial communicating bore 9.
The communicating slot 105 may be formed by machin-
ing through the portion 120 of the catheter 100 by a suit-
able implement, or by skiving a portion of the catheter
100 at 120 until the axial communicating bore 9 is ex-
posed, or by any other suitable process, such as thermal
ablation, laser ablation or the like.
[0117] Where the catheter 100 is to be used for deter-
mining dimensional characteristics of a vessel, a cavity
or lumen, for example, a blood vessel such as an artery,
a cavity, for example, a heart cavity, or a lumen, for ex-
ample, the oesophagus or the like, the catheter 100 is
appropriately introduced into the vessel, cavity or lumen
so that the distal end 4 is located in the vessel, cavity or
lumen. A suitable fluid, which may, for example, be an
electrically conductive liquid, such as a saline solution is
then pumped through the first axial medium accommo-
dating bore 16 to fill the vessel, cavity or lumen. The
pressure of the saline solution in the vessel, cavity or
lumen is monitored by monitoring the pressure of the
saline solution in the second axial medium accommodat-
ing bore 106.
[0118] Stimulus current signals of known current value
are applied by the electronic control and analysing ap-
paratus (not shown) to the stimulating electrodes 101,
and resulting voltage signals on the receiving electrodes
102 in response to the stimulus current signals on the
stimulating electrodes 101 are read by the control and
analysing apparatus for determining the electrical imped-
ance in the saline solution between the stimulating elec-
trodes 101 and the receiving electrodes 102, and be-
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tween adjacent ones of the receiving electrodes 102,
which in turn permits a determination of the transverse
cross-sectional area of the vessel, cavity or lumen to be
determined adjacent the respective receiving electrodes
102. The use of such catheters for determining dimen-
sional characteristics of a vessel, cavity or lumen will be
well known to those skilled in the art.
[0119] Referring now to Figs. 24 and 25, there is illus-
trated a balloon catheter also produced according to an
embodiment of the invention, indicated generally by the
reference numeral 130. The balloon catheter 130 com-
prises a catheter 131 which is identical to the catheter
100, and similar components are identified by the same
reference numerals. An expandable element comprising
an inflatable balloon 132 is secured to the catheter 131
adjacent the distal end 4 thereof and extends completely
around the catheter 131 to define with the catheter 131
a hollow interior region in the form of an annulus 133.
The stimulating electrodes 101 and the receiving elec-
trodes 102 are located on the catheter 131 within the
annulus 133. The first and second axial medium accom-
modating bores 16 and 106 communicate with the annu-
lus 133 through the first and second radial medium ac-
commodating bores 17 and 107, respectively. The bal-
loon 132 is inflatable by delivering an electrically conduc-
tive inflating medium, which typically, is a saline solution,
when it is desired to determine measurement character-
istics such as transverse cross-sectional area, diameter
and volume of a vessel, cavity or lumen within which the
balloon 132 of the balloon catheter 130 is located. Inflat-
ing of the balloon 132 to define the transverse cross-
section of the vessel, cavity or lumen is carried out by
pumping the saline solution into the annulus 133 through
the first axial medium accommodating bore 16. The pres-
sure of the saline solution in the annulus 133 is monitored
during inflating of the balloon 132 by a pressure sensor
(not shown), which monitors the pressure in the saline
solution in the second axial medium accommodating
bore 106. On the balloon 132 being inflated to the appro-
priate pressure to abut the side wall of the vessel, cavity
or lumen within which the balloon 132 is located, the di-
mensional characteristics of the vessel, cavity or lumen
are determined by applying a stimulus current signal of
known current value to the stimulating electrodes 101
and reading the resulting voltage signals on the receiving
electrodes 102, as has already been described with ref-
erence to the catheter 100.
[0120] In this example the balloon 132 and the catheter
131 are coated with a low friction coating 134 for facili-
tating urging of the balloon catheter 130 through a work-
ing channel of, for example, an endoscope or the like. In
this embodiment of the invention the low friction coating
is of a hydrophilic material, namely, Parylene, which is
plasma deposited to a depth of approximately 0.5 mi-
crons to 2 microns on the external surface of the balloon
132 and the catheter 131. However, coating of the balloon
132 and/or the catheter 131 with a low friction coating is
not essential.

[0121] While the catheters produced according to the
invention have been described for determining dimen-
sions of characteristics of a vessel, cavity or lumen, the
catheters and the balloon catheter may be used for other
purposes. In particular, the balloon catheter may be used
for dilating a lumen or dilating an obstruction in a lumen,
vessel or cavity by inflation thereof, and the degree of
dilation would be monitored by determining the dimen-
sional characteristics of the balloon as the obstruction or
otherwise is being dilated. Alternatively, the catheters
may be used for ablating tissue by appropriately applying
suitable high power radio frequency signals to the elec-
trodes 5. For example, the balloon catheter may be used
for ablating tissue, for example, tissue in a vessel, cavity
or lumen, such as, for example, the oesophagus or the
like. In which case, it is envisaged that two electrodes
would be sufficient for ablating the tissue, and the two
ablating electrodes would be located on the outer circum-
ferential surface of the balloon.
[0122] Needless to say, the uses to which the catheters
and the balloon catheter may be put are many, and will
be readily apparent to those skilled in the art.
[0123] The catheters produced according to the inven-
tion are of a construction which particularly lends itself
to catheters of relatively small diameter, typically of outer
diameter of, for example, 2mm to 7mm, and also the con-
struction of the catheters produced according to the in-
vention is particularly suitable for catheters in which a
relatively large number of axially spaced apart electrodes
of relatively small axial width are required, for example,
electrodes of 1 mm to 5mm axial wide, with correspond-
ingly dimensioned axial spacing therebetween. Addition-
ally, the catheters produced according to the invention
can be produced of a relatively flexible polymer material,
and the provision of the electrodes on the catheter do
not to any great extent affect the flexibility of the catheter.
[0124] In the embodiments of the invention described,
while the electrically conductive tape, foil and metal are
of relatively small thickness, and typically, of thickness
of the order of 35 microns to 50 microns, the electrically
conductive tape, foil and metal may be of thickness up
to 200 microns. By providing the electrodes as being of
electrically conductive tape, foil or metal of such thick-
ness, the electrodes add little to the overall diameter of
the catheters, and furthermore, do not provide obstruc-
tive steps as the catheter is being passed through a hol-
low organ, vessel, lumen or the like. Indeed, the catheters
are of a particularly desirable construction, since they
minimise the overall outer diameter of the catheter adja-
cent the electrodes, and furthermore, in many of the cath-
eters according to the invention, the wires are completely
concealed within the catheter.
[0125] While the catheters produced according to the
invention have been described as comprising first and
second axial and radial medium accommodating bores
for accommodating a fluid therethrough, in certain cases,
the first and second axial and radial medium accommo-
dating bores or at least one of the first and second axial
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and radial medium accommodating bores may be omit-
ted. Indeed, more than two axial medium accommodating
bores may be provided, and furthermore, many more ra-
dial medium accommodating bores may be provided for
each axial medium accommodating bore, in order to fa-
cilitate rapid and even filling of the balloon with the inflat-
ing medium.
[0126] The electrodes of the catheters produced ac-
cording to the invention may be coupled to electronic
control and analysing apparatus in any suitable or de-
sired configuration. For example, it is envisaged that
some of the electrodes may be coupled to be configured
as stimulating electrodes, and others would be coupled
to be configured as receiving electrodes. Typically, a
stimulating voltage or current would be applied to the
stimulating electrodes, and the resulting voltages or cur-
rents on the receiving electrodes would be read by the
electronic control and analysis apparatus. When so con-
figured, the catheter would be suitable for measuring the
volume and/or diameters of a cavity along the axial length
of the catheter. In such cases, in general, the two outer-
most electrodes would be configured to be stimulating
electrodes, and the remaining electrodes between the
two outermost electrodes would be configured to be re-
ceiving electrodes.
[0127] In general, it is envisaged that the catheters or
at least that portion of the catheters onto which the elec-
trodes are secured will be of a non-electrically conductive
material, for example, a plastics material, a polymer or
the like.
[0128] While the electrodes have been described as
being band type electrodes which extend completely
around the catheter, it is envisaged that in certain cases,
the electrodes may not extend completely around the
catheter.
[0129] Furthermore, while the electrically conductive
inflating medium has been described as a saline solution,
any other suitable electrically conductive medium may
be used where it is desired that the inflating medium of
the balloon be electrically conductive.
[0130] While the balloon has been described as being
of cylindrical configuration when inflated, the balloon may
be of any other shape, and may be of any other transverse
cross-section besides circular. For example, the balloon
when inflated may be of square, rectangular, triangular,
hexagonal, polygonal or any other desired transverse
cross-section, and in certain cases, it is envisaged that
the transverse cross-section of the balloon may be
matched to the cross-section of the lumen or cavity into
which they are to be inserted.
[0131] While a plurality of wires have been described
extending through the catheter for coupling the respec-
tive electrodes to control and analysing apparatus, it is
envisaged in certain cases that the number of wires ex-
tending through the catheter may be reduced by multi-
plexing some or all of the signals from the receiving elec-
trodes onto one or more wires. The multiplexing could
be carried out by a multiplexer located in the balloon or

in the catheter adjacent the electrodes.

Claims

1. A method for producing a catheter with a plurality of
spaced apart electrodes (5) thereon, the method
comprising forming the electrodes (5) from respec-
tive electrically conductive elements (61,70,114) and
bonding the electrically conductive elements
(61,70,114) to the catheter to form the electrodes (5)
thereon, characterised in that the electrically con-
ductive elements (61,70,114) are formed from a sin-
gle sheet (62,71,110) of electrically conductive foil
material with the electrically conductive elements
(61,70,114) spaced apart from each other and joined
by connecting portions (66,75,112,113) formed by
portions of the single sheet (62,71,110) between the
electrically conductive elements (61,70,114), each
electrically conductive element (61,70,114) being of
length sufficient to form a band electrode to extend
at least partly around the catheter, the electrically
conductive elements (61,70,114) are bonded to the
catheter with the electrically conductive elements
(61,70,114) joined by the connecting portions
(66,75,112,113) and extending at least partly around
the catheter, and each electrically conductive ele-
ment (61, 70, 114) is severed from at least one of
the connecting portions (66,75,112,113) connecting
the electrically conductive element to an adjacent
one of the electrically conductive elements subse-
quent to the electrically conductive elements
(61,70,114) being bonded to the catheter to form the
electrodes (5).

2. A method as claimed in Claim 1 characterised in
that the connecting portions (66,75,112,113) extend
between the respective adjacent ones of the electri-
cally conductive elements (61,70,114) intermediate
the ends thereof.

3. A method as claimed in Claim 1 or 2 characterised
in that the connecting portions (66,75,112,113) form
an elongated connecting portion
(66,75,76,112,113), and the electrically conductive
elements (61,70,114) extend transversely from the
elongated connecting portion (66,75,76,112,113) at
spaced apart intervals therefrom.

4. A method as claimed in Claim 3 characterised in
that a pair of spaced apart elongated connecting por-
tions (112,113) are provided and the electrically con-
ductive elements (114) extend transversely between
the elongated connecting portions (112,113).

5. A method as claimed in any preceding claim char-
acterised in that each electrically conductive ele-
ment (61,70,114) is of length sufficient to form the
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corresponding electrode (5) as a band electrode (5)
extending completely around the catheter.

6. A method as claimed in any preceding claim char-
acterised in that the electrically conductive ele-
ments (61,70,114) are progressively wrapped
around the catheter during bonding thereto.

7. A method as claimed in any preceding claim char-
acterised in that each electrically conductive ele-
ment (61,70,114) is bonded to the catheter by an
adhesive.

8. A method as claimed in any preceding claim char-
acterised in that each electrically conductive ele-
ment (61,70,114) is bonded to the catheter by a dou-
ble-sided adhesive tape (118).

9. A method as claimed in Claim 8 characterised in
that the double-sided adhesive tape (118) is bonded
to the corresponding electrically conductive ele-
ments (61,70,114) prior to bonding to the catheter.

10. A method as claimed in Claim 8 or 9 characterised
in that a plurality of the spaced apart electrically con-
ductive elements (114) are bonded to the catheter
by at least one elongated piece of double-sided ad-
hesive tape (118).

11. A method as claimed in any of Claims 8 to 10 char-
acterised in that each electrically conductive ele-
ment (61,70,114) is electrically coupled to a corre-
sponding electrically conductive wire (10).

12. A method as claimed in Claim 11 characterised in
that the at least one elongated piece of double-sided
adhesive tape (118) is located on the electrically con-
ductive elements (61,70,114) to at least one side of
the locations at which the corresponding electrically
conductive wires (10) are coupled thereto.

13. A method as claimed in Claim 11 or 12 character-
ised in that two elongated pieces of the double-sid-
ed adhesive tape (118) are located on the electrically
conductive elements (61,70,114) on respective op-
posite sides of the locations at which the correspond-
ing electrically conductive wires (10) are coupled
thereto.

14. A method as claimed in any of Claims 8 to 13 char-
acterised in that the respective electrically conduc-
tive elements (61,70,114) extend transversely rela-
tive to each elongated piece of double-sided adhe-
sive tape (118).

Patentansprüche

1. Verfahren zum Herstellen eines Katheters mit einer
Vielzahl von beabstandeten Elektroden (5) darauf,
wobei das Verfahren das Bilden der Elektroden (5)
aus jeweiligen elektrisch leitenden Elementen (61,
70, 114) und das Verbinden der elektrisch leitenden
Elemente (61, 70, 114) mit dem Katheter zum Bilden
der Elektroden (5) darauf umfasst, dadurch ge-
kennzeichnet, dass die elektrisch leitenden Ele-
mente (61, 70, 114) aus einem einzigen Blatt (62,
71, 110) aus elektrisch leitendendem Folienmaterial
gebildet sind, wobei die elektrisch leitenden Elemen-
te (61, 70, 114) voneinander beabstandet sind und
durch Verbindungsabschnitte (66, 75, 112, 113) ver-
bunden sind, die durch Abschnitte des einzelnen
Blattes (62, 71, 110) zwischen den elektrisch leiten-
den Elementen (61, 70, 114) gebildet sind, wobei
jedes elektrisch leitende Element (61, 70, 114) von
ausreichender Länge ist, um eine Bandelektrode zu
bilden, um sich zumindest teilweise um den Katheter
herum zu erstrecken, wobei die elektrisch leitenden
Elemente (61, 70, 114) mit dem Katheter verbunden
sind, wobei die elektrisch leitenden Elemente (61,
70, 114) durch die Verbindungsabschnitte (66, 75,
112, 113) verbunden sind und sich zumindest teil-
weise um den Katheter herum erstrecken, und jedes
elektrisch leitende Element (61, 70, 114) von min-
destens einem der Verbindungsabschnitte (66, 75,
112, 113) getrennt ist, die das elektrisch leitende Ele-
ment mit einem benachbarten der elektrisch leiten-
den Elemente verbinden, nachdem die elektrisch lei-
tenden Elemente (61, 70, 114) mit dem Katheter ver-
bunden sind, um die Elektroden (5) zu bilden.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass sich die Verbindungsabschnitte (66,
75, 112, 113) zwischen den jeweiligen benachbarten
der elektrisch leitenden Elemente (61, 70, 114) zwi-
schen deren Enden erstrecken.

3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die Verbindungsabschnitte
(66, 75, 112, 113) einen länglichen Verbindungsab-
schnitt (66, 75, 76, 112, 113) bilden und sich die elek-
trisch leitenden Elemente (61, 70, 114) quer zum
länglichen Verbindungsabschnitt (66, 75, 76, 112,
113) in beabstandeten Intervallen davon erstrecken.

4. Verfahren nach Anspruch 3, dadurch gekenn-
zeichnet, dass ein Paar beabstandeter länglicher
Verbindungsabschnitte (112, 113) vorgesehen ist
und sich die elektrisch leitenden Elemente (114)
quer zwischen den länglichen Verbindungsabschnit-
ten (112, 113) erstrecken.

5. Verfahren, wie es in einem vorhergehenden An-
spruch beansprucht wird, dadurch gekennzeich-
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net, dass jedes elektrisch leitende Element (61, 70,
114) eine ausreichende Länge aufweist, um die ent-
sprechende Elektrode (5) als eine Bandelektrode (5)
zu bilden, die sich vollständig um den Katheter er-
streckt.

6. Verfahren, wie es in einem vorhergehenden An-
spruch beansprucht wird, dadurch gekennzeich-
net, dass die elektrisch leitenden Elemente (61, 70,
114) während des Bondens um den Katheter nach
und nach gewickelt werden.

7. Verfahren, wie es in einem vorhergehenden An-
spruch beansprucht wird, dadurch gekennzeich-
net, dass jedes elektrisch leitende Element (61, 70,
114) durch einen Klebstoff mit dem Katheter verbun-
den ist.

8. Verfahren, wie es in einem vorhergehenden An-
spruch beansprucht wird, dadurch gekennzeich-
net, dass jedes elektrisch leitende Element (61, 70,
114) mit dem Katheter durch ein doppelseitiges Kle-
beband (118) verbunden ist.

9. Verfahren nach Anspruch 8, dadurch gekenn-
zeichnet, dass das doppelseitige Klebeband (118)
vor dem Verbinden mit dem Katheter mit den ent-
sprechenden elektrisch leitenden Elementen (61,
70, 114) verbunden wird.

10. Verfahren nach Anspruch 8 oder 9, dadurch ge-
kennzeichnet, dass eine Vielzahl der beabstande-
ten elektrisch leitenden Elemente (114) durch min-
destens ein längliches Stück doppelseitiges Klebe-
band (118) mit dem Katheter verbunden ist.

11. Verfahren nach einem der Ansprüche 8 bis 10, da-
durch gekennzeichnet, dass jedes elektrisch lei-
tende Element (61, 70, 114) elektrisch mit einem ent-
sprechenden elektrisch leitenden Draht (10) gekop-
pelt ist.

12. Verfahren nach Anspruch 11, dadurch gekenn-
zeichnet, dass das mindestens eine längliche Stück
doppelseitigen Klebebandes (118) auf den elek-
trisch leitenden Elementen (61, 70, 114) auf mindes-
tens einer Seite der Stellen angeordnet ist, an denen
die entsprechenden elektrisch leitenden Drähte (10)
damit gekoppelt sind.

13. Verfahren nach Anspruch 11 oder 12, dadurch ge-
kennzeichnet, dass zwei längliche Stücke des dop-
pelseitigen Klebebandes (118) auf den elektrisch lei-
tenden Elementen (61, 70, 114) auf jeweils gegen-
überliegenden Seiten der Stellen angeordnet sind,
an denen die entsprechenden elektrisch leitenden
Drähte (10) damit gekoppelt sind.

14. Verfahren nach einem der Ansprüche 8 bis 13, da-
durch gekennzeichnet, dass sich die jeweiligen
elektrisch leitenden Elemente (61, 70, 114) quer zu
jedem länglichen Stück eines doppelseitigen Klebe-
bandes (118) erstrecken.

Revendications

1. Procédé de fabrication d’un cathéter doté d’une plu-
ralité d’électrodes (5) espacées les unes des autres
sur celui-ci, le procédé comprenant la formation des
électrodes (5) à partir d’éléments électriquement
conducteurs respectifs (61, 70, 114), et la liaison des
éléments électriquement conducteurs (61, 70, 114)
au cathéter pour former les électrodes (5) sur celui-
ci,
caractérisé en ce que les éléments électriquement
conducteurs (61, 70, 114) sont formés à partir d’une
unique plaque (62, 71, 110) de matériau de type
feuille électriquement conductrice, les éléments
électriquement conducteurs (61, 70, 114) étant es-
pacés les uns des autres et reliés par des parties de
jonction (66, 75, 112, 113) formées par des parties
de l’unique plaque (62, 71, 110) entre les éléments
électriquement conducteurs (61, 70, 114), chaque
élément électriquement conducteur (61, 70, 114)
étant de longueur suffisante pour former une élec-
trode de type ruban devant s’étendre au moins en
partie autour du cathéter, les éléments électrique-
ment conducteurs (61, 70, 114) sont liés au cathéter,
les éléments électriquement conducteurs (61, 70,
114) étant reliés par les parties de jonction (66, 75,
112, 113) et s’étendant au moins en partie autour du
cathéter, et chaque élément électriquement conduc-
teur (61, 70, 114) est séparé d’au moins l’une des
parties de jonction (66, 75, 112, 113) joignant l’élé-
ment électriquement conducteur à l’un adjacent des
éléments électriquement conducteurs, à la suite de
la liaison des éléments électriquement conducteurs
(61, 70, 114) au cathéter pour former les électrodes
(5).

2. Procédé selon la revendication 1, caractérisé en ce
que les parties de jonction (66, 75, 112, 113) s’éten-
dent entre ceux respectifs adjacents des éléments
électriquement conducteurs (61, 70, 114) à une po-
sition intermédiaire entre les extrémités de ceux-ci.

3. Procédé selon la revendication 1 ou 2, caractérisé
en ce que les parties de jonction (66, 75, 112, 113)
forment une partie de jonction allongée (66, 75, 76,
112, 113), et les éléments électriquement conduc-
teurs (61, 70, 114) s’étendent transversalement à la
partie de jonction allongée (66, 75, 76, 112, 113) à
des intervalles d’espacement les uns des autres.

4. Procédé selon la revendication 3, caractérisé en ce
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qu’une paire de parties de jonction allongées espa-
cées (112, 113) est mise en place et les éléments
électriquement conducteurs (114) s’étendent trans-
versalement entre les parties de jonction allongées
(112, 113).

5. Procédé selon l’une quelconque des revendications
précédentes, caractérisé en ce que chaque élé-
ment électriquement conducteur (61, 70, 114) est de
longueur suffisante pour former l’électrode corres-
pondante (5) sous la forme d’une électrode de type
ruban (5) s’étendant entièrement autour du cathéter.

6. Procédé selon l’une quelconque des revendications
précédentes, caractérisé en ce que les éléments
électriquement conducteurs (61, 70, 114) sont pro-
gressivement enroulés autour du cathéter au cours
de la liaison à celui-ci.

7. Procédé selon l’une quelconque des revendications
précédentes, caractérisé en ce que chaque élé-
ment électriquement conducteur (61, 70, 114) est lié
au cathéter par un adhésif.

8. Procédé selon l’une quelconque des revendications
précédentes, caractérisé en ce que chaque élé-
ment électriquement conducteur (61, 70, 114) est lié
au cathéter par un ruban adhésif double face (118).

9. Procédé selon la revendication 8, caractérisé en ce
que le ruban adhésif double face (118) est lié aux
éléments électriquement conducteurs correspon-
dants (61, 70, 114) avant d’être lié au cathéter.

10. Procédé selon la revendication 8 ou 9, caractérisé
en ce qu’une pluralité des éléments électriquement
conducteurs espacés (114) est liée au cathéter par
au moins un morceau allongé de ruban adhésif dou-
ble face (118).

11. Procédé selon l’une quelconque des revendications
8 à 10, caractérisé en ce que chaque élément élec-
triquement conducteur (61, 70, 114) est couplé élec-
triquement à un fil électriquement conducteur cor-
respondant (10).

12. Procédé selon la revendication 11, caractérisé en
ce que le au moins un morceau allongé de ruban
adhésif double face (118) est situé sur les éléments
électriquement conducteurs (61, 70, 114) au moins
d’un côté des emplacements auxquels les fils élec-
triquement conducteurs correspondants (10) sont
couplés à ceux-ci.

13. Procédé selon la revendication 11 ou 12, caracté-
risé en ce que deux morceaux allongés du ruban
adhésif double face (118) sont situés sur les élé-
ments électriquement conducteurs (61, 70, 114) sur

des côtés respectifs opposés des emplacements
auxquels les fils électriquement conducteurs corres-
pondants (10) sont couplés à ceux-ci.

14. Procédé selon l’une quelconque des revendications
8 à 13, caractérisé en ce que les éléments électri-
quement conducteurs respectifs (61, 70, 114)
s’étendent transversalement par rapport à chaque
morceau allongé de ruban adhésif double face (118).
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连通孔（9）到达导管（100）的近端（3）。结合到导电元件（114）的
两片双面胶带（118）又将导电元件（114）结合到导管（100）。在将
电线（10）进入轴向连通孔（9）中之后，带有双面胶带（118）的导电
元件（114）被缠绕在导管（100）上并从连接部分（112,113）被切
断。导电元件（114）的自由端（115）彼此邻接以形成作为带状电极的
电极（5）。
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