wo 2013/018079 A 1[I I/ NPF V000000 D0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

7 February 2013 (07.02.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/018079 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

International Patent Classification:
A61B 5/06 (2006.01) A6IM 25/01 (2006.01)
A6IM 25/10 (2013.01) A61B 5/00 (2006.01)

International Application Number:
PCT/IE2012/000040

International Filing Date:
3 August 2012 (03.08.2012)

Filing Language: English
Publication Language: English
Priority Data:

S2011/0342 3 August 2011 (03.08.2011) IE

Applicant (for all designated States except US): FLIP
TECHNOLOGIES LIMITED [IE/IE]; Galway Business
Park, Dangan, Galway (IE).

Inventor; and
Inventor/Applicant (for US only): O'DEA, John [IE/IE];
1 The Hawthorns, Truskey West, Bearna, Galway (IE).

Agent: F.F.Gorman & Co.,; 15 Clanwilliam Square, Dub-
lin 2 (IE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

with international search report (Art. 21(3))

(54) Title: A CATHETER AND A SYSTEM AND A METHOD FOR LOCATING A CATHETER IN A VESSEL

4 12 /ssj@o 179 g 20 179
L] 1%2
( s \Rx YYLJ 1NN Wi
r SS / g 22
L S&‘ LN SR, “\ LN AL

7]
R BN . N
\10 8 1(1 9 1[1 \1\ 9 11 [} 11 \ 8
&1 0 10
“ 64

/FM

(57) Abstract: A balloon catheter (60) comprises an elong-
ated catheter member (63) and an inflatable balloon (65)
located adjacent a distal end (5) of the catheter member
(63). Band type measuring electrodes (7) located on the
catheter member (63) within the balloon (65) comprise a
pair of outer stimulating electrodes (8) and sensing elec-
trodes (9) for measuring the cross-sectional area and volume
of the balloon (65) by impedance planimetry measuring. A
light emitting diode (20) is located on each measuring elec-
trode (7) for emitting light so that the location of the balloon
catheter, and in particular, the measuring electrodes (7) can
be detected in a vessel (91) with a translucent wall within
the body of a human subject. By capturing an image of the
vessel and the light from the light emitting diodes (20) em-
anating through a translucent wall of the vessel by an ima-
ging device (92) located within the human body externally
of the vessel (91), the location of the balloon catheter and
the electrodes (7) within the vessel can be determined.
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“A catheter and a system and a method for locating a catheter in a vessel”

The present invention relates to a catheter, and in particular, though not limited to a
measuring catheter, such as, for example, a catheter having two or more measuring
electrodes located at spaced apart intervals on the catheter or a balloon catheter
comprising an elongated catheter having an inflatable element located on the
catheter and two or more measuring electrodes located within the inflatable element
on the catheter. The invention also relates to a system and a method for locating a
catheter in a vessel in a human or animal subject.

Catheters for measuring cross-sectional area, diameter, as well as volume of a
vessel in a human or animal body are well known. Such catheters may comprise an
elongated catheter having two or more, and typically a plurality of measuring
electrodes longitudinally spaced apart along the catheter towards a distal end
thereof. Typically, two of the electrodes are stimulating electrodes to which a

stimulating current of constant known value is applied, and the remaining electrodes

~ which are located between the stimulating electrodes are sensing electrodes. When

the portion of the catheter with the measuring electrodes thereon is located in a
vessel, and the vessel is filled with an electrically conductive medium, voltages are
induced on the sensing electrodes when the stimulating current is applied to the
stimulating electrodes. The voltages induced on the sensing electrodes are
indicative of the cross-sectional area and the diameter of the vessel adjacent the
respective sensing electrodes. If the vessel is assumed to be of circular transverse
cross-section, the voltage signal induced on the sensing electrodes are indicative of
the diameter of the vessel. From these voltage values the cross-sectional area and
the diameter of the vessel adjacent the respective sensing electrodes can be
computed as well as the volume of the vessel. Typically, such catheters are used for
measuring the diameter, cross-sectional area or volume of a relatively narrow |

vessel, such as, for example, an artery or the like.

Another type of measuring catheter is a balloon catheter which comprises an
elongéted catheter having an inflatable element, typically a balloon located on the
catheter towards the distal end thereof, with the catheter extending through the
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balloon to define with the balloon an annular hollow interior region. Measuring
electrodes similar to those described with reference to a measuring catheter are
provided on the catheter within the balloon. Such balloon catheters are generally
used for determining the cross-sectional area, diameter and the volume of a larger
vessel in the human or animal body, for example, the stomach, the oesophagus, the
rectum, intestine, the bowel or the like, and are also commonly used in procedures

known as bariatric surgery as well as anti-reflux surgery to correct gastro-

oesophageal reflux disease. To determine the diameter, cross-sectional area and/or
volume of a vessel, the balloon of the balloon catheter is placed in the vessel, and
the balloon is inflated with an electrically conductive inflating medium to fill the
vessel. By applying a constant current of known value through the stimulating
electrodes, voltages induced on the sensing electrodes are indicative of the diameter
and cross-sectional area and the diameter of the vessel adjacent the respective
sensing electrodes.

One problem which arises with such catheters, be they measuring catheters without
a balloon ortmeasuring catheters with a balloon, namely, ballooh catheters, is that, in
general, it is relatively difficult to locate the balloon, or in the case of a non-balloon
catheter, the portion of the electrodes accurately in the vessel, the diameter, cross-
sectional area or volume of which is to be determined, or monitored. For example,
during bariatric surgery and anti-reflux surgery it is difficult to accurétely locate the
balloon of a balloon catheter in the stomach or the lower oesophageal sphincter, as
the case may be, with the sensing electrodes accurately located relative to the lower
oesophageal sphincter and the stomach.

Additionally, catheters and balloon catheters having one or more spaced apart
ablating electrodes on the catheter of an ablating catheter, and on the external
surface of the balloon in the case of an ablating balloon catheter, are used for
ablating tissue in a lumen or vessel. It is also in many cases difficult to locate such
catheters and balloon catheters in the vessel or lumen with the ablating electrodes

accurately aligned with the tissue to be ablated.

There is therefore a need for a catheter and a balloon catheter which addresses
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these problems.

The present invention is directed towards providing such a catheter; the catheter
may be a balloon catheter or a non-balloon catheter, and the invention is also
directed towards providing a system and a method for locating a catheter, be it a

balloon catheter or a non-balloon catheter, in a vessel.

According to the invention, there is provided a catheter comprising an elongated
catheter member, at least two spaced apart electrodes, and an indicating means
located adjacent at least one of the electrodes, the indicating means being adapted
to output a detectable signal for identifying the location of the adjacent electrode.

In one aspect of the invention one indicating means is located adjacent each of at
least some of the electrodes.

In another aspect of the invention each indicating means is located on the

corresponding electrode.

In a further aspect of the invention each indicating means is located in the

corresponding electrode.

In one embodiment of the invenﬁon each electrode is located on the catheter
member, and in another embodiment of the invention each indicating means is

located on the catheter member adjacent the corresponding electrode.

Preferably, the signal outputted by each indicating means is adapted to be
receivable by an imaging device of an imaging system. Advantageously, the signal
outputted by each indicating means is adapted to be receivable by a charge coupled
device (CCD) imaging chip. Alternatively, the signal outputted by each indicating
means is adapted to be receivable by a digital video cameré. '

In one aspect of the invention the signal outputted by each indicating means is

adapted to be receivable by an imaging device of an imaging system adapted for
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. use in a laparoscopic procedure.

In another aspect of the invention the signal outputted by each indicating means
comprises a light signal derived from a light source.

Preferably, each indicating means comprises a light outputting means.

in one aspect of the invention each light outputting means comprises an opening for
accommodating light therethrough.

In another aspect of the invention each light outputting means comprises a lens for
accommodating the light therethrough.

In a further aspect of the invention the light source comprises a remote light source,

and a light transmitting means is provided for communicating the Iight outputting
means with the remote light source.

Preferably, the light transmitting means extends through the catheter member.
Advantageously, the light transmitting means extends from the proximal end of the
catheter member. Preferably, the light transmitting means adjacent the proximal end
of the catheter member is adapted for coupling to the remote light source.

Advantageously, at least two remote light sources are provided, and the light
transmitting means is adapted for communicating the remote light sources to
respective ones or respective groups of the light outputting means for transmitting

light thereto from the respective remote light sources.

In one aspect of the invention the remote light sources produce light of respective
different wavelengths. '

Preferably, each remote light source comprises at least one light emitting diode.
Advantageously, each remote light source comprises a plurality of light emitting
diodes.
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In one embodiment of the invention the light transmitting means comprises at least
one optical fibre.

In another embodiment of the invention the light transmitting means comprises a
plurality of optical fibres. Preferably, each optical fibre terminates in a distal end
adjacent the corresponding light outputting means.

In another embodiment of the invention the light transmitting means comprises at
least one elongated light accommodating bore extending through the catheter
member for communicating the light outputting means with the remote light source.
Preferably, a light directing means is located in each light accommodating bore
adjacent a corresponding one of the light outputting means to which light is to be
transmitted for directing light from the light accommodating bore to the
corresponding light outputting means. Preferably, each light directing means

comprises a reflector.

In another aspect' of the invention a bore extends into the catheter member adjacent
each electrode for communicating the corresponding light outputting means with the
light transmitting means. Advantageously, each light outputting means
communicates with the light transmitting means through a bore extending through
the corresponding electrode.

In one aspect of the invention each indicating means comprises a corresponding
light source. Preferably, the light source of each indicating means comprises a light '
emitting diode.

In another aspect of the invention at least some of the light sources of the respective

indicating means produce light of respective different wavelengths.

In one embodiment of the invention at least some of the electrodes are adapted for
measuring volume and/or transverse cross-sectional area of a vessel or a lumen in

which the catheter is located, and two of the electrodes are located longitudinally
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spaced apart from each other on a distal portion of the catheter member and are
adapted as stimulating electrodes for receiving a stimulating electrical current, and
other ones of the electrodes are located on the catheter member between the
stimulating electrodes longitudinally spaced apart from each other and from the
stimulating electrodes, and are adapted as sensing electrodes for sensing a voltage
developed thereon in response to a stimulating current being applied to the
stimulating electrodes when the distal portion of the catheter member is located in an
electrically conducted medium.

In another embodiment of the invention at least one of the electrodes is adapted for

ablating tissue.

In another embodiment of the invention the catheter further comprises an inflatable
balloon mounted on the catheter member, and a communicating means is provided
for communicating the balloon with an inflating medium source.

Preferably, the communicating means is adapted for communicating the balloon with

an electrically conductive medium source.

In one embodiment of the invention at least one of the electrodes is located on the

balloon on an outer surface of the balloon.

In another embodiment of the invention one of the indicating means is located

adjacent the electrode located on the balloon.

In one aspect of the invention at least two of the electrodes are located on the

balloon on the outer surface thereof.

In another _embodiment of the invention each electrode located on the balloon is ,

adapted for ablating tissue.

Preferably, the balloon is located on the catheter member with at least some of the

electrodes located on the catheter member within the balloon. Advantageously, the
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catheter member extends through the balloon. Preferably, the balloon defines with
the catheter member an annular hollow interior region extending around the catheter
member.

In one embodiment of the invention each electrode is prbvided with a corresponding
indicating means.

in another embodiment of the invention each electrode comprises a band electrode.

The invention also provides a system for locating a catheter in a vessel or lumen in a
human or animal subject, the system comprising the catheter according to the
invention for locating in the vessel or lumen, and an imaging device for locating in
the body of the subject adjacent the vessel or lumen but exteriorly thereof, the
imaging device being adapted for capturing an image of the vessel or lumen and the

indicating means of the catheter located within the vessel or lumen.

Preferably, the imaging device comprises a charge coupled device (CCD) imaging

clip. Alternatively, the imaging device comprises a video camera.

In one embodiment of the invention the imaging device is adapted for use in a
laparoscopic procedure.

The invention further provides a method for locating a catheter in a vessel or lumen
of a human or animal subject, the catheter comprising a catheter member and at
least two longitudinally spaced apart electrodes, the method combrising placing at
least one indicating means adjacent at least one of the electrodes, and adapting the
indicating means to output a detectable signal, placing a portion of the catheter
member comprising the electrodes and the at least one indicating means in the
vessel or lumen, placing an imaging device in the body of the subject adjacent the
vessel or lumen but exteriorly thereof, causing the indicating means to output the

- detectable signal, and capturing an image of the vessel or lumen and the detectable

signal for in turn detecting the location in the vessel or lumen of the electrode
adjacent which the indicating means is located.
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Preferably, the image captured by the imaging means is dispiayed on a visual
display screen.

Preferably, the catheter member is manoeuvred within the vessel or lumen until the
image of the vessel or lumen and the detectable signal outputted by the indicating
means displayed on the visual display screen is indicative of the catheter member

being correctly located in the vessel or lumen.

The advantages of the invention are many. A particularly important advantage of the
invention is that the catheter and the balloon catheter as the case may be may be
readily easily located in a vessel or lumen in which it is to be located with the
electrodes thereof, be they measuring or ablating electrodes or both, or other types
of electrodes, relatively accurately located in the vessel or lumen. This permits
accurate computation of the cross-sectional area and/or diameter and/or volume of a
vessel or lumen at a precise location. Relatively accurate alignment of ablating
electrodes of such a catheter or balloon catheter with tissue to be ablated is also
achieved.

The provision of the indicating means as an outputting means for outputting a light
signal provides a significant advantage when the catheter or balloon catheter is
being used in a vessel or lumen which is transparent or translucent, since an
imaging device can be placed in the body of a subject externally of the vessel or
lumen, and an image of the vessel or lumen can be captured by the imaging device,
which also captures an image of the light being outputted by the light outputting
means of the catheter or balloon catheter. '

Since each light outputting means is located adjacent a corresponding one of the
electrodes, the location of the respective electrodes can be readily easily identified
from the captured image. Furthermore, the catheter or balloon catheter can be
manoeuvred in the vessel or lumen, and images of the catheter or balloon catheter
together with images of the light being outputted by the light outputting means can
be captured while the catheter or balloon catheter is being manoeuvred in the vessel
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or lumen, thereby permitting accurate placement of the catheter or balloon catheter

in the vessel! or lumen.

The invention will be more clearly understood from the following description of some
preferred embodiments thereof, which are given by way of example only, with
reference to the accompanying drawings, in which:

Fig. 1 is a longitudinal cross-sectional side elevational view of a catheter

according to the invention,

Fig. 2 is a partly cut-away perspective view of a portion of the body of a
subject illustrating a portion of the catheter of Fig. 1 in use along with an
imaging system also according to the invention,

Fig. 3 is a longitudinal cross-sectional side elevational view of a portion of a

catheter according to another embodiment of the invention,

Fig. 4 is a longitudinal cross-sectional side elevational view of a catheter

according to another embodiment of the invention,

Fig. 5 is a longitudinal cross-sectional side elevational view of a balloon

catheter according to another embodiment of the invention,

Fig. 6 is a longitudinal cross-sectional side elevational view of a balloon

catheter according to a further embodiment of the invention,

Fig. 7 is a longitudinal cross-sectional side elevational view of a balloon

catheter according to a further embodiment of the invention,

Fig. 8 is a partly cut-away perspective view of a portion of the body of a
subject illustrating a portion of the balloon catheter of Fig. 7 in use along with

an imaging system also according to the invention, and
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Fig. 9 is a longitudinal cross-sectional side elevational view of a balloon
catheter according to a further embodiment of the invention.

Referring to the drawings and initially to Fig. 1, there is illustrated a catheter
according to the invention, indicated generally by the reference numeral 1, for
determining the diameter, the transverse cross-sectional area and/or the volume of a
vessel, for example, an artery, a vessel in the heart or other organ or lumen in the
body of a human or animal subject. The catheter 1 comprises an elongated catheter
member 3 extending from a proximal end 4 to a distal end 5.

A plurality of electrodes, in this embodiment of the invention measuring electrodes 7
are located longitudinally spaced apart on a distal portion 6 of the catheter member 3
towards the distal end 5 thereof. The measuring electrodes 7 are band type
electrodes of electrically conductive foil, which extend completély around the
catheter member 3. Two of the measuring electrodes 7, namely, the outer two
measuring electrodes 7 are provided as stimulating electrodes 8 for receiving a
constant stimulating current signal of known value. The remaining measuring
electrodes 7, namely, the measuring electrodes 7 which a're located between the
stimulating electrodes 8 are adapted as sensing electrodes 9 on which voltages are
developed in response to the stimulating constant current signal being applied to the
stimulating electrodes 8 when a vessel or lumen within which the distal portion 6 of
the catheter member 3 is located is filled with an electrically conductive medium,
typically a saline solution. The voltages which are developed on the sensing
electrodes 9 are indicative of the values of the transverse cross-sectional area of the
vessel or lumen adjacent the corresponding sensing electrodes 9. If the vessel or
lumen within which the distal portion 6 of the catheter 1 is located is assumed to be
of circular transverse cross-section, the voltages which are developed on the
sensing electrodes 9 are indicative of the values of the diameter of the vessel or
lumen adjacent the sensing electrodes. As will be known to those skilled in the art,
the volume of the vessel between the stimulating electrodes 8 or between any two of
the sensing electrodes 9 or between one of the stimulating electrodes 8 and one of
the sensing electrodes 9 can be computed from the values of the cross-sectional

area adjacent the relevant sensing electrodes 9 and the spacing between those
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sensing electrodes 9.

A communicating means, namely, an electrically conductive medium
accommodating bore 10 extending longitudinally through the catheter member 3
from the proximal end 4 to the distal end 5 accommodates a saline solution being
delivered into the vessel or lumen. Ports 11 extending radially through the catheter
member 3 which communicate with the electrically conductive medium
accommodating bore 10 accommodate the electrically conductive mediurh from the
bore 10 into the vessel. Such catheters having measuring electrodes located
thereon for determining the diameter, cross-sectional area and/or the volume of a
vessel when the vessel is filled with an electrically conductive medium are known. A
typical one of such catheters is disclosed in U.S. Patent Specification No. 4,840,182
of Carlson.

An elongated Iongitudinally extending cable accommodating bore 12 extends
through the catheter member 3 from the proximal end 4 thereof towards the distal
end 5 for accommodating mutually electrically insulated, electrically conductive wires
16 from the proximal end 4 to the stimulating electrodes 8 and the sehsing
electrodes 9. Two of the wires 16 which are connected to the stimulating electrodes
8 carry the constant current signal to and from the stimulating electrodes 8, while the
voltages induced on the sensing electrodes 9 can be read from the wires 16 which
are connected to the sensing electrodes 9. Wire accommodating bores 18
extending radially through the catheter member 3 to the cable accbmmodating bore
12 accommodate the wires 16 from the cable accommodating bore 12 to the
respective r'ne_aéuring electrodes 7, where they are connected thereto by an

electrically conductive adhesive, solder or the like.

A plurality of indicating means, which in this embodiment of the invention comprise
light outputting means, namely, a plurality of light sources 19 are located adjacent
the respective measuring electrodes 7 to produce respective Iight'signals, in order to
indicate the location of the respective measuring electrodes 7 in a vessel or lumen,
the diameter, cross-sectional area and/or volume of which is to be determined or

monitored. In this embodiment of the invention each light source 19 comprises one
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single light emitting diode 20 which is located on the corresponding measuring
electrode 7. Light emanating from the light emitting diodes 20 is visible externally of
the vessel or lumen through a translucent wall of the vessel or lumen. By placing an
imaging device 27 of an imaging system also according to the invention and
indicated generally by the reference numeral 26, which is described below with
reference to Fig. 2, in a cavity of the body of the subject within which the vessel or
lumen is located but externally of the vessel or lumen, an image of the vessel or '
lumen and the light emanating through the translucent wall of the vessel or lumen
from the light emitting diodes 20 is captured by the imaging device 27. By displaying
the captured image of the vessel or lumen together with the light emanating through
the wall of the vessel or lumen from the light emitting diodes 20, accurate placing of
the catheter in the vessel or lumen can be achieved as will be described below with
reference to Fig. 2.

A radial bore 22 through each corresponding measuring electrode 7 and the catheter
member 3 accommodates wires 23 from the corresponding light emitting diode 20
into the cable accommodating bore 12. The wires 23 from the light emitting diodes
20 are accommodated through the cable accommodating bore 12 to the proximal
end 4 of the catheter member 3. Electrical power from a power source (not shown)
adjacent the proximal end 4 of the catheter member 3 is applied to the wires 23 for
powering the light emitting diodes 20.

The cable accommodating bore 12 is sealed at the proximal end 4 and the distal end
5, and the radial bores 18 and 22 are also sealed to prevent liquid from the vessel in
which the catheter 1 is located entering the cable accommodating bore 12.

Referring now to Fig. 2, the catheter 1 according to the invention is particularly
suitable for use in a laparoscopic procedure where it is desired to determine the
cross-sectional area, a diameter and/or the volume of a vessel or lumen in 2 human
or animal subject, such as, a portion of a vessel or lumen, for example, a portion 24
of the intestine 25. In accordance with the invention, the imaging system 26 which
comprises the imaging device 27, typically a charge coupled device (CCD) imaging

chip or a video camera which is provided in a laparoscope 30 is used in conjunction
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with the catheter 1 for accurately locating the catheter 1 in the portion 24 of the
intestine 25. The catheter 1 is initially inserted into the relevant portion 24 of the
intestine 25 either orally or rectally. The imaging device 27 of the laparoscope 30 is
inserted through a laparoscopic opening (not shown) formed in the wall of the
abdomen, and is located in a cavity 28 within the abdomen adjacent the portion 24 of
the intestine 25 but externally of the intestine 25. With the light emitting diodes 20
powered up light emitted from the light emitting diodes 20 is visible through the wall
of the intestine which is translucent. The imaging device 27 captures an image of
the portion 24 of the intestine 25 and the light emanating from the light emitting
diodes 20 on the electrodes 7 of the catheter 1. The image captured by the imaging
device 27 is displayed on a visual display screen 29 of the imaging system 26.
Since the light emitting diodes 20 are located on the electrode 7 a surgeon can
manoeuvre the catheter 1 within the intestine 25 while observing the image of the
intestine and the light emitted from the light emitting diodes 20 on the visual display
screen 29, until the catheter 1 with the electrodes 7 is accurately located in the
portion 24 of the intestine 25.

Thereafter, a saline solution is delivered through the electrically conductive medium
accommodating bore 10 of the catheter 1 into the portion 24 of the intestine 25. The
constant current stimulating signal is applied to the stimulating electrodes 8, and the
resulting voltages developed on the sensing electrodes 9 are read by a suitably
programmed microprocessor (not shown) which computes the values of the
transverse cross-sectional area along the portion 24 of the intestine 25 adjacent the
respective sensing electrodes 9. Values of the diameter of the portion 24 of the
intestine 25 may also be computed by the microprocessor from the voltage signals
read from the sensing electrodes 9 if the portion 24 of the intestine 25 is assumed to
be of circular transverse cross-section. From the cross-sectional area values or the
diameter values, the volume of the portion 24, or a part thereof, of the intestine 25
can be computed by the microprocessor.

In use, the catheter 1 is entered through an appropriate entry point in the human or
animal body with the distal end 5 as the leading end and is directed through a vessel
or lumen system of the human or animal body to the vessel or lumen 25 in which the
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diameter, cross-sectional area and/or volume is to be determined. If the vessel or
lumen 25, the diameter, cross-sectional area and/or volume of which is to be
determined, is a cavity of the heart, the catheter typicélly is entered into the arterial
system through the upper part of the leg of the subject adjacent the crotch. With the
distal portion 6 of the catheter member 3 located in the vessel or lumen, the
diameter, cross-sectional area and/or volume of which is to be determined, and with
the imaging device 27 suitably located in the cavity of the body of the subject
adjacent the vessel, but externally of the vessel, the light emitting diodes 20 are
powered up to produce light. '

An image of the vessel or lumen and the light emitting diodes 20 which identify the
locations of the electrodes 7 is captured by the imaging device 27, and the image is
displayed on the visual display screen 29 for inspection by a surgeon. The surgeon
by observing the image on the visual display screen 29 can identify the location of
the measuring electrodes 7 on the catheter member 3 within the vessel, and can
thus manoeuvre the catheter 1 until the distal portion 6 thereof and the measuring
electrodes 7 are accurately located in the vessel, the diameter, cross-sectional area
and/or volume of which is to be determined. Once the distal portion 6 of the catheter
member 3 and the measuring electrodes 7 are accurately located in the vessel, use
and operation of the catheter 1 continues as with a conventional catheter having
measuring electrodes thereon and as discussed above.

Referring now to Fig. 3, there is illustrated a catheter according to another
embodiment of the invention, indicated generally by the reference numeral 40 for
determining the diameter, the transverse cross-sectional area and/or the volume of a
vessel or lumen in the body of a human or animal subject. The catheter 40 is
substantially similar to the catheter 1 and similar components are identified by the
same reference numerals. The only difference between the catheter 40 and the
catheter 1 is that instead of the light sources 19 being located on the measuring
electrodes 7, the light sources 19, each of which comprises a single light emitting
diode 20, are located on the catheter member 3 right beside the corresponding
measuring electrodes 7.
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Otherwise, the catheter 40 is similar to the catheter 1 and its use is likewise similar.

Referring now to Fig. 4, there is illustrated a catheter according to another
embodiment of the invention, indicéted generally by the reference numeral 50 for
determining the diameter, the transverse cross-sectional area‘ and/or the volume of a
vessel or lumen in the body of a human or animal subject. The catheter 50 is
substantially similar to the catheter 1 and similar components are identified by the
same reference numerals. The main difference between the catheter 50 and the
catheter 1 is that the light outputting means of the indicating means instead of being
provided by light emitting' diodes as in the case of the catheters 1 and 40, the light
outputting means in this embodiment of the invention are provided by a plurality of
light accommodating openings 52 in the corresponding measuring electrodes 7
which communicate with a light transmitting means provided by a longitudinally
extending light accommodating bore 53 through radial bores 54 extending radially
through the catheter member 3. The light accommodating bore 53 extends
longitudinally through the catheter member 3 from the proximal end 4 thereof to the
distal portion 6 of the catheter member 3. A light source 55 in this embodiment of
the invention is remotely located, and is coupled to the catheter member 3 adjacent
the proximal end 4 thereof, so that light from the light source 55 is directed through
the light accommodating bore 53, and in turn through the radial bores 54 and in turn
through the light accommodating opening 52. The light source 55 in order to

produce sufficient light comprises a plurality of light emitting diodes 56.

The light source 55 is optically coupled into the light accommodavting bore 53 through
a suitable light coupling means, for example, a fibre optic cable (not shown) or light
reflectors (also not shown). A light directing means for directing light from the light
accommodating bore 53 to and through the radial bores 54, in this embodiment of
the invention comprises a reflective coating on an inner surface 57 of the light
accommodating bore 53 in order to reflect light in the light accommodating bore 53
through the radial bores 54, and in turn through the light accommodating openings
52.

In this embodiment of the invention the light accommodating bore 53 may also be
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adapted for delivering an electrically conductive liquid therethrough to the vessel or
lumen. Alternatively, a dedicated liquid medium accommodating 'bore extending
through the catheter member 3 may be provided. In which case, separate radially
extending ports would be provided from the liquid accommodating bore through
which the liquid medium would be delivered to the vessel or lumen. Additionally in
this embodiment of the invention the wires 16 to the measuring electrodes 7 may be
accommodated through the light accommodating bore 53, or may be accommodated
in a dedicated wire accommodating bore or may be accommodated through a liquid

medium accommodating bore if éuch a bore is provided.

In use, the catheterISO is entered into the human or animal body, and the distal
portion 6 of the catheter 50 is directed into the vessel or lumen, the wall of which is
translucent, and the diameter, cross-sectional area and/or volume of which is to be
determined. With an imaging device similar to the imaging device 27 of the imaging
system 26, which is described with reference to Fig. 2, located in a cavity of the
human or animal body within which the vessel or lumen is located, but externally of
the vessel or lumen, the light source 55 is powered up. An image of the vessel or
lumen and the light emanating from the light accommodating openings 52, which is
visible through the translucent wall of the vessel or lumen is captured by the imaging
device and displayed on a visual display screen similar to that described with
reference to Fig. 2. A surgeon by observing the captured image of the vessel or
lumen and the light emanating from the light accommodating openings 52, which
identify the locations of the corresponding electrodes 7, can rhanoeuvre the catheter
50 until the measuring electrodes 7 are in the desired location within the vessel or
lumen, the diameter, cross-sectional area and/or volume of which is to be

determined.

Otherwise, the catheter 50 and its use is substantially similar to that of the catheter
1.

Referring now to Fig. 5, there is illustrated a balloon catheter also according to the
invention, indicated generally by the reference numeral 60 for determining the
diameter, transverse cross-sectional area and/or volume of a vessel or lumen in the
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body of a human or animal subject. The balloon catheter 60 is somewhat similar to
the catheter 1 and where appropriate, similar components are identified by the same
reference numerals. The balloon catheter 60 comprises a catheter 61 which
comprises a catheter member 63 which is substantially similar to the catheter
member 3 of the catheter 1. Longitudinally spaced apart measuring electrodes 7
comprising a pair of stimulating electrodes 8, and longitudinally spaced apart _
sensing electrodes 9 located between the stimulating electrodes 8 are located on a
distal portion 64 of the catheter member 63. The electrodes 7 are band electrodes
similar to the electrodes 7 of the catheter 1.

An inflatable element, in this embodiment of the invention an inflatable balloon 65 is
located on the catheter member 63 adjacent the distal portion 64, and the catheter
member 63 extends through the balloon 65 to define with the balloon 65 an annular
hollow interior region 66. The measuring electrodes 7 are located on the distal
portion 64 of the catheter member 63 within the hollow interior region 66 of the
balloon 65. A communicating means comprising a longitudinally extending liquid
inflating medium accommodating bore 10 similar to the liquid medium
accommodating bore 10 of the catheter 1 extends longitudinally through the catheter
member 63 for accommodating an electrically conductive liquid inflating medium into
the hollow interior region 66 of the balloon 65 through the radial ports 11 for inflating
the balloon 65.‘

A plurality of light outputting means, namely, single light emitting diodes 20 are
mounted on the respective measuring electrodes 7 in a similar manner aé the light
emitting diodes 20 are mounted on the measuring electrodes 7 of the catheter 1.
Wires 23 for powering the light emitting diodes 20, and wires 16 for communicating
with the measuring electrodes 7 are accommodated through a cable accommodating
bore 12. Radial bores 18 extending through the catheter member 63 accommodate
the wires 16 to the measuring electrodes 7, while the wires 23 are accommodated
through the radial bores 22 extending through the catheter member 63 and the
corresponding electrodes 7 to the light emitting diodes 20. |

The balloon catheter 60 according to this embodiment of the invention is particularly
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suitable for determining the diameter, cross-sectional area and/or the volume of a
relatively large vessel, organ or lumen, for example, the oesophagus, the stomach,
large intestine, rectum and the like, and is also particuiarly suitable for monitoring the
diameter, cross-sectional area and volume of a stomach during bariatric and other
such surgical procedures, as well as for monitoring the diameter of the lower

oesophageal sphincter during anti-reflux surgery.

In use, the catheter 60 is entered into the vessel or lumen, the diameter, cross-
sectional area or volume of which is to be determined through a suitable orifice or
entry point in the body with the distal end 5 of the catheter member 63 forming the
leading end of the balloon catheter 60. When the balloon 65 of the balloon catheter
60 is located in the vessel or lumen, the diameter, cross-sectional area and/or
volume of which is to be determined, and with an imaging device similar to the
imaging device 27 of the imaging system 26 located in a cavity in the human or
animal body within which the vessel is located but externally of the vessel, the light
emitting diodes 20 are powered up. The imaging device captures an image of the
vessel or lumen and the light emanating from the light emitting diodes 20 through the
translucent wall of the vessel. The captured image is displayed on a visual display
screen similar to the visual display screen 29 of the imaging systerh 26 described
with reference to Fig. 2. The surgeon by observing the image displayed on the
visual display screen, and in particular the image of the light emitting diodes 20
which indicate the locations of the electrodes 7 'relative to the vessel or lumen can
manoeuvre the balloon catheter 60 until the balloon 65 and the meésuring

electrodes 7 are accurately located in the vessel or lumen.

Thereafter the use of the balloon catheter 60 is similar to that of a conventional
balloon catheter.

Referring now to Fig. 6, there is illustrated a balloon catheter also according to the
invention, indicated generally by the reference numeral 70 for determining the
diameter, transverse cross-sectional area and/or volume of a vessel or flumen in the
body of a human or animal subject. The balloon catheter 70 is substantially similar

to the balloon catheter 60 and similar componenté are identified by the same
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balloon catheter 60 is that instead of the light outputting means of the indicating
means comprising light emitting diodes located on the electrodes, a remote light
source 71 is provided remotely of the balloon catheter 70. Light from the remote
light source 70 is optically coupled to the proximal end 4 of the catheter member 63
by an optical fibre cable 72. Optical fibres 73, which are optically coupled to the
optical fibre cable 72 adjacent the proximal end 4 of the catheter member 63, extend
through the bore 12, which extends through the catheter member 63, and terminate
in distal ends 74 in the radial bores 22 which extend through the catheter member 63
and through the measuring electrodes 7. The distal ends 74 of the optical fibres 73
direct light from the remote light source 71 radially from the catheter member 63
through the radial bores 22. '

In this embodiment of the invention the light source 71 is provided by a singie remote
light source, which may comprise one or a plurality of light emitting diodes, to which
the optical fibre cable 72 is optically coupled for collecting light from the light source
71.

In use, when the balloon 65 is located in the vessel or lumen, the diameter, cross-
sectional area and/or the volume of which is to be determined, the remote light
source 71 is pbwered up. Light from the light source 71 is transrhitted through the
optical fibre cable 72, and in turn through the optical fibres 73 to emanate radially
from the catheter member 3 through the radial bores 22 to identify the locations of
the electrodes 7. An imaging device similar to the imaging device 27 of the imaging
system 26 described with reference to Fig. 2 located in a cavity within which the
vessel or lumen is located, but externally of the vessel or lumen captures an image
of the vessel or lumen and the light emanating through the translucent wall of the
vessel or lumen from the distal ends 74 of the optical fibres 73. The captured image
is displayed on a visual display screen similar to the visual display screen 29 of the
imagihg system 26 described with reference to Fig. 2. A surgeon by observing the
image on the visual display screen identifies the locations of the electrodes 7 from
the displayed image of the light emanating from the distal ends 74 of the optical
fibres 73, and can manoeuvre the balloon catheter 70 until the balloon 65 and the
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measuring electrodes 7 are accurately located in the vessel or lumen.

Thereafter, use of the balloon catheter 70 is similar to use of a conventional balloon

‘catheter.

Referring now to Fig. 7, there is illustrated a balloon catheter according to another
embodiment of the invention, indicated generally by the reference numeral 80 for
determining the diameter, transverse cross-sectional area and/or the volume of a
vessel or lumen in the body of a human or animal subject. The balloon catheter 80
is substantially similar to the balloon catheter 70 of Fig. 6, and similar components
are identified by the same reference numerals. The main difference between the
balloon catheter 80 and the balloon catheter 70 is that as well as comprising
indicating means provided by light outputting means, which in this embodiment of
the invention are provided by light emanating from the distal ends 74 of the optical
fibres 73, the balloon catheter 80 also comprises an indicating means for identifying
another known location of the balloon catheter, namely, a distal leading tip 81 of the
catheter member 63. in this embodiment of the invention this indicating means
comprises a light outputting means which identifies the leading distal tip 81 of the
catheter member 63 and comprises light from a distal terminal end 82 of an optical
fibre 83. The optical fibre 83 is optically coupled to the optical fibre cable 72
adjacent the proximal end 4 of the catheter member 63. In this embodiment of the
invention the distal leading tip 81 of the catheter member 63 terminates in a
hemispherical lens 85 which is optiéally coupled to the distal terminal end 82 of the
optical fibre 83 in order that light emanating from the distal terminal end 82 of the
optical fibre 83 is diffused adjacent the distal leading tip 81 of the catheter member
63. The lens 85 diffuses the light from the optical fibre 83 through an angle of 360°
around a longitudinally extending central axis 86 defined by the catheter member 63,
and also through an angle of 180° relative to the longitudinally extending central axis
86 of the catheter member 63.

In use, the balloon catheter 80 is entered through an appropriate entry orifice of the
subject and the balloon 65 is located in the vessel or lumen, the diameter, cross-
sectional area and/or volume of which is to be determined. The remote light source



WO 2013/018079 PCT/IE2012/000040

10

15

20

25

30

21

71 is powered up. An imaging device of an imaging system similar to the imaging
system 26 described with reference to Fig. 2 located in a cavity of the human or
animal body adjacent bﬁt externally of the vessel or lumen sequentially captures an
image of the vessel and the light emanating through the translucent wall of the
vessel or lumen from the distal ends 74 of the optical fibres 73 and from the lens 85
at the distal leading tip 81 of the catheter member 63. The captured image of the
vessel or lumen and the light emanating from the distal ends 74 of the optical fibres
73 and from the lens 85 is displayed on a visual display screen. A surgeon by
observing the image of the light emanating from the distal ends 74 of the optical
fibres 73 and from the lens 85 which identify the locations of the electrodes 7 and the
distal leading tip 81, respectively, of the catheter member 63 can manoeuvre the
balloon catheter 80 so that the distal leading tip 81 of the catheter member 63 and
the electrodes 7 thereof are accurately located in the vessel or lumen.

Thereafter use of the balloon catheter 80 in determining the diameter, transverse
cross-sectional area and/or volume of the vessel is as described with reference to
the balloon catheter 60 of Fig. 5 and the catheter 1 of Fig. 1.

Referring now to Fig. 8 there is illustrated an imaging system 90 according to the
invention for use in a bariatric surgical procedure being carried out on a stomach 91
of a subject. Any one of the balloon catheters 60, 70 or 80 may be used in the
bariatric surgical procedure. However, in this embodiment of the invention the
balloon catheter 80 is being used. The imaging system 80 comprises an imaging
chib 92 which is integrated onto a distal end 93 of a laparoscope 94 which is inserted
into an abdominal cavity 95 of the subject adjacent but externally of the stomach 91
for capturing an image of the stomach 91 externally thereof and the light emanating
from the distal ends 74 of the optical fibres 73 and the lens 85 through the wall 99 of
the stomach which is translucent. A visual display screen 96 displays the image
captured by the imaging chip 92 of the stomach 91 and the light from the distal ends
74 of the optical fibres 73 and the lens 85, which are processed through a
microprocessor (not shown) prior to being displayed on the visual display screen 96.

In use, the laparoscope 94 with the imaging chip 92 on the distal end 93 thereof is
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inserted through a laparoscopic opening into the abdominal cavity 95 and
manoeuvred therein so that an image of the stomach 91 is captured by the imaging
chip 92. The balloon catheter 80 is inserted orally through the oesophagus 98 to the
stomach 91. As the balloon catheter 80 is being inserted into the stomach 91 the
remote light source 71 is powered up and light from the light source 71 is transmitted
through the optical fibres 73 and the optical fibre 83 and is outputted through the
distal ends 74 of the optical fibres 73 and through the lens 85 at the distal leading
end 81 of the catheter member 63 of the balloon catheter 80. Since the wall 99 of
the stomach 91 is translucent, light emanating from the distal ends 74 of the optical
fibres 73, and from the lens 85 is simultaneously captured by the imaging chip 92
with the captured image of the stomach 91. The image which is captured by the
imaging chip 92 is displayed on the visual display screen 96, thereby allowing a
surgeon inserting a balloon catheter 80 into the stomach 91 to observe the progress
of thé distal portion 64 of the catheter member 3 through the stomach 91. The
surgeon by observing the displayed image on the visual display screen 96 can
manoeuvre the balloon catheter 80 until the lens 85 is accurately located in the
pylorus 97 and the distal portion 64 of the catheter member 63 of the balloon
catheter 80 is correctly located in the stomach 91.

Once the balloon catheter 80 has been correctly located in the stomach 91, the
balloon 65 of the balloon catheter 80 is inflated with a saline solution to the desired
diameter so that the bariatric surgical procedure can commence. Thereafter the
bariatric procedure is carried out in a conventional manﬁer.

Referring now to Fig. 9 there is illustrated a balloon catheter according to another
embodiment of the invention indicated generally by the reference numeral 100 for
ablating tissue in a vessel, lumen or organ in the body of a human or animal subject.
The balloon catheter 100 is substantially similar to the balloon catheter 60 described
with reference to Fig. 5, and similar components are identified by the same reference
numerals. The main difference between the balloon catheter 100 and the balloon
catheter 60 is that a pair of ablating electrodes 101 are located on an buter surface
102 of a member 103 of the balloon 65 of the balloon catheter 100 for ablating tissue
to be ablated from the vessel lumen or organ. The ablating electrodes 101 are band
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eléctrodes and extend around the outer surface 102 of the membrane 103 of the
balloon 65, and are of an electrically conductive material which is expandable, to
eﬁ(pand with expansion of the membrane 103 of the balloon 65. Indicating means for
indicating the location of the ablating electrodes 101 in the vessel, lumen or organ in
this embodiment of the invention comprise respective light emitting diodes 104 which
are mounted on the ablating electrodes 101. Electrically conductive wires 105
extending through bores 106 which extend through the corresponding ablating
electrodes 101 and the membrane 103 of the balloon 65 provide power to the
corresponding light emitting diodes 104. The wires 105 are accommodated into the
cable accommodating bore 12 in the catheter member 63 through radially extending
bores 107 in the catheter member 63. The wires 105 are accommodated through
the cable accommodating bore 12 to the proximal end 4 of the catheter member 63
where they are coupled to a suitable remote power source (not shown).

Electfically conductive wires 108 extending through bores 109 which extend through
the membrane 103 of the balloon 65 power the ablating electrodes 101. The wires
108 are accommodated into the cable accommodating bore 12 of the catheter
member 63 through radially extending bores 110 in the catheter member 63. The
wires 108 are accommodated through the cable accommodating bore 12 to the
proximal end 4 of the catheter member 63 where they are connected to a suitable

remote power supply (not shown).

The length of the wires 105 and 108 extending from the bores 107 and 110 td the
light emitting diodes 104 and the ablating electrodes 101, respectively, are of
sufficient length to accommodate inflating and expansion of the balloon 65 to fill the
vessel or lumen from which tissue is to be ablated.

Measuring electrodes 7 are located on the distal portion 64 of the catheter member
63 within the hollow interior region 66 of the balloon 65 for determining the diameter,
transverse cross-sectional area and/or volume of the balloon 65 when inflated with
an electrically conductive liquid medium, and in turn for determining the diameter,
transverse cross-sectional area and/or volume of the vessel or lumen or organ within

which the balloon 65 is inflated. Indicating means provided by light emitting diodes



WO 2013/018079 PCT/IE2012/000040

10

15

20

25

30

24

20 similar to the light emitting diodes 20 of the balloon catheter 60 of Fig. 5 are
located on the measuring electrodes 7, in a similar manner as on the measuring
electrode 7 of the balloon catheter 60. The powering of the light emitting diodes 20
is similar to that described with referénce to the balloon catheter 60.

In use, the balloon catheter 100 is appropriately inserted into the body of the subject
with the balloon 65 located in the vessel, lumen or organ from which tissue is to be
ablated. An imaging device similar to the imaging device 27 of the imaging system
26 described with reference to Fig. 2 is inserted into a cavity within which the vessel,
lumen or organ, and is located externally of the vessel, lumen or organ. The
electrodes 20 are powered up. An image of the vessel, lumen or organ and the light
emanating through a translucent wall of the vessel, lumen or organ from the light
emitting diodes 20 is captured by the imaging device 27 and displayed on a visual
display screen, similar to the visual display screen 29 of the imaging system 26
described with reference to Fig. 2. While observing the image displayed on the
screen, the balloon catheter 100 is manoeuvred in the vessel, lumen or organ for
locating the distal portion 64 of the catheter member 63 and the balloon 65 in a
desired location therein. With the balloon 65 accurately located in the vessel, lumen
or organ, the balloon 65 is inflated with the electrically conductive liquid inflating
medium until the balloon 65 is of the desired diameter to fill the transverse cross-
sectional area of the vessel, lumen or organ. The light emitting diodes 104 are then
powered up. Animage of the vessel, lumen or organ and the light emanating
through the translucent wall of the vessel, lumen or organ from the light emitting
diodes 104 is captured by the imaging device and displayed on the visual display
screen. While observing the image displayed on the screen, the balloon catheter
100 can then be further manoeuvred within the vessel, lumen or organ until the
ablating electrodes 101 are correctly and accurately aligned with the tissue in the
vessel, lumen or ofgan to be ablated. Thereafter ablating of the tissue is carried out

in a conventional manner.

it will of course be appreciated that the light emitting diodes 104 can be powered up
simultaneously with the light emitting diodes 20, and the manoeuvring of the balloon

catheter 100 in the vessel, lumen or organ in order to correctly position the balloon
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65 and the ablating electrodes 101 therein could be carried out in one manoeuvring
of the balloon catheter 100 within the vessel, lumen or organ. '

While the light outputting means have been described as being provided by light
emitting diodes located on or adjacent the measuring electrodes, and also by light
emanating from openings in the catheter and electrodes and from the terminal ends
of optical fibres, any other suitable light outputting means may be provided in order
to produce a signal indicative of the locations of all or some or one of the measuring
electrodes. It will also be appreciated that more than one light outputting means
may be provided corresponding to each measuring electrode, and in which case, it is
envisaged that the light outputting means of each measuring electrode would be
located at circumferentially spaced apart intervals around the electrode or around
the catheter adjacent the electrode.

It is also envisaged that where the light outputting means comprises an opening
formed in the respective electrodes or formed by an opening in the catheter member
adjacent each electrode, it is envisaged that a lens may be provided in the opening
for focusing the light being outputted through the opening. Indeed, it is envisaged
that where light is being transmitted from a light source by one or more optical fibres
to emanate from a distal end of éach optical fibre through the opening formed in the
electrode or in the catheter member adjacent the electrode, a lens may also be
provided in such an opening for focusing light being emitted by the distal end of each
optical fibre. . '

Where the light transmitting means comprises optical fibres for transmitting light from
a light source to locations adjacent the electrodes and/or the distal leading tip of the
catheter, it is envisaged in certain cases that each optical fibre may be
accommodated in a separate corresponding bore extending longitudinally through

the catheter member.

Needless to say, the light outputting means may be located in any suitable location

on or adjacent the measuring electrodes.
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It is also envisaged that while it is desirable to provide a light outputting means on
each measuring electrode, in certain cases, it is envisaged that light outputting
means may only be provided adjacent the sensing electrodes, and in certain cases,
only édjacent some of the sensing electrodes, or alternatively, adjacent one or both
of the stimulating electrodes.

Additionally, it is envisaged that in order to identify specific ones of the electrodes,
the light outputting means may be adapted to emit light of different colours, different
wavelengths or the like, so that each or some of the measuring electrodes or
ablating electrodes, as the case may be, may be identified by the specific colour or
wavelength of the light emitted by the corresponding light outputting means, for
example, the measuring electrodes may be identified by one or rhoré colours, and
the ablating electrodes may be identified by one or more different colours which
would be different to the colour or colours of the light used to identify the measuring
electrodes.

However, where the light outputting means are adapted to produce light of different
colours or of different wavelengths, it is envisaged that the light emitting means will
be provided by respective light sources located on or adjacent the electrodes, or by
corresponding opticél fibres which would be coupled remotely to light sources of the
respective different colours and/or wavelengths. In which case, it is envisaged that
separate bores may be provided extending through the catheter for accommodating
optical fibres which transmit light of different colours or different wavelengths.
Neediess to say, where the light of different colours or different wavelengths is
transmitted through longitudinally extending light accommodating bores, it is
envisaged that separate light accommodating bores will be provided for light of

respective different colours.

While the light emitting means have been described as producing visible light, it is

envisaged in certain cases that the light emitting means may be adapted to produce
light outside_ the visible sbectrum, for example, infra-red light, ultra-violet light or the
like. ltis also envisaged that indicating means other than light emitting means may

be provided, for indicating the locations of the electrodes. For example, such
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indicating means could be adapted to produce signals other than light signals, for
example, ultrasonic signals, microwave signals, electro-magnetic signals or the like
which could be received by a suitable receiving means located externally of the

-~ vessel or lumen, the diameter, cross-sectional area and/or volume of which is to be

determined. In which case signals from the receiving means and the imaging device
would be mixed in a suitably programmed microprocessor, and the captured images
would be displayed along with images of the locations of the catheter member from
which the signals are transmitted.

While only the balloon catheter of Fig. 7 has been described as comprising an
indicating means for identifying the distal leading tip of the catheter member, it will
be appreciated that the catheter members of any of the catheters and balloon
catheters described with reference to Figs. 1 to 6 and 9 may be provided with an
indicating means for indicating the distal leading tip of the catheter member thereof.
Needless to say, the indicating means may comprise a light outputting means which
may be provided by the terminal end of an optical fibre, a lens, or indeed by a light
emitting diode, or any other suitable light outputting means, or any other suitable
indicating means located adjacent the distal leading tip of the catheter member.

It is also envisaged that while the measuring electrodes have been described as
being band electrbdes which extend completely around the_cathetér member, any
other suitable electrodes may be used, and neediess to say, it will be appreciated
that where band electrodes are used, the bands need not extend completely around
the catheter member. Indeed, in certain cases, it is envisaged that where the
electrodes do not extend completely around the catheter member, the light emitting
means may be located on the catheter member in a gap between respective

opposite ends of the electrode.

It will also be appreciated that while the catheters have been described as being
adapted fqr measuring diameter, transverse cross-sectional areé and/or volume of a
vessel or lumen, the catheters may be provided for ablating tissue, and in which
case, one or more electrodes would be provided on the catheter member in order to
carry out ablating of the tissue. In which case, an indicating means, such as a light
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emitting means would be proVided adjacent each ablating electrode.

While in the catheters and balloon catheters describéd with reference to Figs. 110 9,
the locations which are identified by indicating means are either one or more of the
measuring electrodes and/or the distal leading tip of the catheter member, it will be
appreciated that the indicating means may be adapted to identify any suitable known
location on a catheter member or a balloon of a balloon catheter as well as, one or
more of the measuring electrodes and/or the distal leading tip of the catheter

member.

It will also be appreciated that while in the embodiments of the catheters and balloon
catheters which have been described with reference to Figs. 1 to 9 have been
described as comprising a light outputting means located adjacent each of the
electrodes on the catheter, in certain cases it is envisaged all the electrodes will not
be provided with indicating means, and in'some cases, it is envisaged that in the
case of a catheter or a balloon catheter with measuring electrodeé, only the two
outer electrodes would be prbvided with an indicating means, in other words, the two
stimulating electrodes would be provided with indicating means, while the other
electrodes would not be provided with indicating means. Alternatively, as well as the
stimulating electrodes being provided with indicating means some of the sensing
electrodes may also be prdvided with indicating means, for example, a central one of
the sensing electrodes may be provided with an indicating means. Similarly, in the
case of a catheter or a balloon catheter with ablating electrodes, indicating means
may be provided in conjunction with only one or some of the ablating electrodes, for
example, the outer electrodes may only be provided with indicating means.

While the catheters and balloon catheters have been described for measuring
transverse cross-sectional area, diameter and/or volume of a vessel, lumen or organ
using impedance measurements, it will be appreciated that the catheters and balloon
catheters may be used for making impedance measurements in general, and not just
measurements of diameter, transverse cross—séction and volume. For example, the
catheters and balloon catheters may be used as electrophysiology catheters and
balloon catheters which measure heart signals.
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While the balloon catheters, and in particular the ablating balloon catheter of Fig. 9,
have been described as comprising measuring electrodes located on the catheter
member within the balloon, it is envisaged that the ablating balloon catheter may be
provided without such measuring electrodes. In which case, it will be appreciated
that any suitable inflating medium besides an electrically conductive inflating medium

may be provided for inflating the balloon.

It will also be appreciated that any other suitable directing means for directing light in
the light accommodating bore extending through the catheter member from the light
accommodating bore through the bores 54 in the catheter member and through the
openings 52 in the measuring electrodes besides providing a reflective coating on
the inner surface of the light accommodating bore. For example, it is envisaged that
reflectors, refractors or the like may be located in the light accommodating bore
adjacent or opposite the radial bores 54, and such reflectors, refractors, or the like
would be suitably angled for directing light from the light accommodating bore
through the radial bores 54 and in turn the openings 52 in the corresponding

electrodes.
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Claims

1. A catheter comprising an elongated catheter member, at least two spaced
apart electrodes, and an indicating meéns located adjacent at least one of the
electrodes, the indicating means being adapted to output a detectable signal for
identifying the location of the adjacent electrode.

2. A catheter as claimed in Claim 1 in which one indicating means is located
adjacent each of at least some of the electrodes.

3. A catheter as claimed in Claim 1 or 2 in which each indicating means is

located on the corresponding electrode.

4. A catheter as claimed in any preceding claim in which each indicating means
is located in the corresponding electrode.

5. A catheter as claimed in any preceding claim in which each electrode is

located on the catheter member.

6. A catheter as claimed in any preceding claim in which each indicating means

is located on the catheter member adjacent the corresponding electrode.

7. A catheter as claimed in any preceding claim in which the signal outputted by
each indicating means is adapted to be receivable by an imaging device of an
imaging system.

8. A catheter as claimed in any preceding claim in which the signal outputted by
each indicating means is adapted to be receivable by a charge coupled device

(CCD) imaging chip.

9. A catheter as claimed in any preceding claim in which the signal outputted by
each indicating means is adapted to be receivable by a digital video camera.

10. A catheter as claimed in any preceding claim in which the signal outputted by
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each indicating means is adapted to be receivable by an imaging device of an
imaging system adapted for use in a laparoscopic procedure..

11. A catheter as claimed in any preceding claim in which the signal outputted by
each indicating means comprises a light signal derived from a light source.

12. A catheter as claimed in Claim 11 in which each indicating means comprises
a light outputting means.

13. A catheter as claimed in Claim 12 in which each light outputting means
comprises an opening for accbmmodating light therethrough.

14. A catheter as claimed in Claim 12 or 13 in which each light outputting means
comprises a lens for accommodating the light therethrough.

15. A catheter as claimed in any of Claims 12 to 14 in which the light source
comprises a remote light source, and a light transmitting means is provided for

communicating the light outputting means with the remote light source.

16. A catheter as claimed in Claim 15 in which the light transmitting means

extends through the catheter member.

17. A catheter as claimed in Claims 15 or 16 in which the light transmitting
means extends from the proximal end of the catheter member.

18. A catheter as claimed in Claim 17 in which the light transmitting means
adjacent the proximal end of the catheter member is adapted for coupling to the
remote light source.

19. A catheter as claimed in any of Claims 15 to 18 in which at least two remote
light sources are provided, and the light transmitting means is adapted for
communicating the remote light sources to respective ones or respective groups of

the light outputting means for transmitting light thereto from the respective remote
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light sources.

20. A catheter as claimed in Claim 19 in which the remote light sources produce
light of respective different wavelengths.

21. A catheter as claimed in any of Claims 15 to 20 in which each remote light
source comprises at least one light emitting diode.

22. A catheter as claimed in any of Claims 15 to 21 in which each remote light
source comprises a plurality of light emitting diodes.

23. A catheter as claimed in any of Claims 15 to 22 in which the light transmitting
means comprises at least one optical fibre.

24, A catheter as claimed in any of Claims 15 to 23 in which the light transmitting
means comprises a plurality of optical fibres.

25.  Acatheter as claimed in Claim 23 or 24 in which each optical fibre terminates
in a distal end adjacent the corresponding light outputting means.

26. A catheter as claimed in any of Claims 15 to 22 in which the light transmitting
means comprises at least one elongated light accommodating bore extending
through the catheter member for communicating the light outputting means with the

remote light source.

27. A catheter as claimed in Claim 26 in which a light directing means is located
in each light accommodating bore adjacent a corresponding one of the light
outputting means to which light is to be transmitted for directing light from the light
accommodating bore to the corresponding light outputtihg means.

28.  Acatheter as claimed in Claim 27 in which each light directing means
comprises a reflector.
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29. A catheter as claimed in any of Claims 15 to 28 in which a bore extends into
the catheter member adjacent each electrode for communicating the corresponding
light outputting means with the light transmitting means.

30. A catheter as claimed in any of Claims 15 to 29 in which each light outputting
means communicates with the light transmitting means through a bore extending
through the corresponding electrode.

31. A catheter as claimed in any of Claims 10 to 13 in which each indicating
means comprises a corresponding light source.

32. A catheter as claimed in Claim 31 in which the light source of each indicating
means comprises a light emitting diode.

33. A catheter as claimed in Claim 31 or 32 in which at least some of the light
sources of the respective indicating means produce light of respective different
wavelengths.

34. A catheter as claimed in any preceding claim in which at least some of the
electrodes are adapted for measuring volume and/or transverse cross-sectional area
of a vessel or a.lumen in which the catheter is located, and two of the el‘ectrodes are
located Iongitudinaliy spaced apart from each other on a distal'portion of the catheter
member and are adapted as stimulating electrodes for receiving a stimulating
electrical current, and other ones of the electrodes are located on the catheter
member between the stimulating electrodes longitudinally spaced apart' from each
other and from the stimulating electrodes, and are adapted as sensing electrodes for
sensing a voltage developed thereon in response to a stimulating current being
applied to the stimulating electrodes when the distal portion of the catheter member

is located in an electrically conducted medium.

35. A catheter as claimed in any preceding claim in which at least one of the
electrodes is adapted for ablating tissue.
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36. A catheter as claimed in any preceding claim further comprising an inflatable
balloon mounted on the catheter member, and a communicating means is provided
for communicating the balloon with an inflating medium source.

37. A catheter as claimed in Claim 36 in which the communicating means is
adapted for communicating the balloon with an electrically conductive medium
source.

38. A balloon catheter as claimed in Claim 36 or 37 in which at least one of the
electrodes is located on the balloon on an outer surface of the balloon.

39. A balloon catheter as claimed in Claim 38 in which one of the indicating

means is located adjacent the electrode located on the balloon.

40. A balloon catheter as claimed in Claim 38 or 39 in which at least two of the

electrodes are located on the balloon on the outer surface thereof.

41. A balloon catheter as claimed in any of Claims 38 to 41 in which each

electrode located on the balloon is adapted for ablating tissue.

42. A balloon catheter as claimed in any of Claims 36 to 41 in which the balloon
is located on the catheter member with at least some of the electrodes located on
the catheter member within the balloon.

43. A balloon catheter as claimed in any of Claims 36 to 42 in which the catheter
member extends through the balloon.

44. A balloon catheter as claimed in any of Claims 36 to 43 in which the balloon
defines with the catheter member an annular hollow interior region extending around
the catheter member.

45, A catheter as claimed in any preceding claim in which each electrode is

provided with a corresponding indicating means.
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46. A catheter as claimed in any preceding claim in which each electrode
comprises a band electrode.

47. A system for locating a catheter in a vessel or lumen in a human or animal
subject, the system bomprising the catheter as claimed in any preceding claim for
locating in the vessel or lumen, and an imaging device for locating in the body of the
subject adjacent the vessel or lumen but exteriorly thereof, the imaging device being
adapted for capturing an image of the vessel or lumen and the indicating means of
the catheter located within the vessel or lumen.

48. A system as claimed in Claim 47 in which the imaging device comprises a
charge coupled device (CCD) imaging clip.’

49. A system as claimed in Claim 47 or 48 in which the imaging device

comprises a video camera.

50. A system as claimed in any of Claims 49 to 51 in which the imaging device is
adapted for use in a laparoscopic procedure.

51. A method for locating a catheter in a vessel or lumen of a human or animal
subject, the catheter comprising a catheter member and at least two longitudinally
spaced apart electrodes, the method comprising placing at least one indicating
means adjacent at least one of the electrodes, and adapting the indicating means to
output a detectable signal, placing a portion of the catheter member comprising the
electrodes and the at least one indicating means in the vessel or lumen, placing an '
imaging device in the body of the subject adjacent the vessel or lUmen but exteriorly
thereof, causing the indicating means to output the detectable signal, and capturing
an image of the vessel or lumen and the detectable signal for in turn detecting the
location in the vessel or lumen of the electrode adjacent which the indicating means
is located.

52. A method as claimed in Claim 51 in which the image captured by the imaging
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means is displayed on a visual display screen.

53. A method as claimed in Claim 52 in which the catheter member is
manoeuvred within the vessel or lumen until the image of the vessel or lumen and

5  the detectable signal outputted by the indicating means displayed on the visual
“display screen is indicative of the catheter member being corréctly located in the
vessel or lumen.
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