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(57) ABSTRACT

A balloon catheter (60) comprises an elongated catheter
member (63) and an inflatable balloon (65) located adjacent a
distal end (5) of the catheter member (63). Band type mea-
suring electrodes (7) located on the catheter member (63)
within the balloon (65) comprise a pair of outer stimulating
electrodes (8) and sensing electrodes (9) for measuring the
cross-sectional area and volume of the balloon (65) by imped-
ance planimetry measuring. A light emitting diode (20) is
located on each measuring electrode (7) for emitting light so
that the location of the balloon catheter, and in particular, the

(51) Imt.Cl measuring electrodes (7) can be detected in a vessel (91) with
A61B 5/06 (2006.01) a translucent wall within the body of a human subject. By
A61B 1/05 (2006.01) capturing an image of the vessel and the light from the light
A61B 1/313 (2006.01) emitting diodes (20) emanating through a translucent wall of
A6IM 25/10 (2006.01) the vessel by an imaging device (92) located within the
A61B 1/06 (2006.01) human body externally of the vessel (91), the location of the
A61B 5/107 (2006.01) balloon catheter and the electrodes (7) within the vessel can
A61B 5/00 (2006.01) be determined.

27 o
3. B8 19 1,918 9197 o 19 19
2001 (a0 A op 7 ( y 8 3
Vo VT N AL V200 } }L"fﬂ \ 20 12
G SR At e e VT
= \*%E’ A e SRR VAR Wy
) bt} 23 . e e == 3
1} seffrrmieneSen B 2 08 23 s 23 '
hA & : Y, Y %
AN . . (
L;:.;-;m«,:-.;».;s;i\'!;‘ \E \\:\ ;\ NTTAN Z:n?\, AN q”%;}:i. o, \:\ RN NS T
no f



US 2014/0243640 A1

Aug. 28,2014 Sheet 1 of 6

o))
— L Li S ¥
¢ Bry - ) .
Zm/////.,_?f ff,m;fff//m
Mw. KN S
\, 8¢, 91 mms T mm
mw,%mpffw xwm//ﬁ;v_mmyf ﬂ
2o LY of\ 1Y of\ Y
51 8 6. 6 SIS
\\\Aw
av-
z\ L "y om T T ke
[ q.tA.....wﬂ»J w Tl w NI SN | w NS | .w P 14 N
W/mr//fwﬁ/,f;ffy =, ﬁ#x//xm/{?/,fwffm“rf,f»,f w\ fmwwxmmrf?uki
/o | )
Y o 3 | B s A ST e, B TN BN TN > >, B IR TN N W T Y S Y R N
ze mw -2 ez 2 Az \ R P :
SNV SR AN NN NSNS, IRENY LTSS
£ m%\j ﬁjmw\ mm I M \8F 77 & 47 Tﬁwmw w f% mw\,ﬂirmﬂ ) / \\
61" |% g 87 [Por 61’ [P s 199, a1 1% a1 a1 gl b
0z 0T 0z 0Z 0Z 0Z
o
;- 9

Patent Application Publication



US 2014/0243640 A1

Aug. 28,2014 Sheet 2 of 6

Patent Application Publication




US 2014/0243640 A1

f,
vm,,, ~
5 @m\f.,/ L8
WETY NI 8y g g )
w LqMEJ / Fii_ st /
KT AN i S T /,,V?/ffff Y ;fwmyx N
. N N eai >
= RN S A N R T TN e TR
- N T8, T T8, e
Lnlh N_.. Mn.;ww«;m.a f mm\ 3 U_
3 \ \\qmww /el L
% \&1 0% b2 6 g 02
M \u&/!i \\.
& 09 Tl
o 997 o
A T
0 S 9., MY~ g 9G 55
= ¥ 01 L 'l TR A W\W wm o iy
QNSNS j ,M w ; RN IRRNN 7..:.
- H/ﬁ/ﬂw wﬁ%y;mxf ISR S S fad_rf//iﬁ//qw\}//; ],
=) e <
= { ~ %
unl._nl.m N_ Nw - W mm\w Q &
2 fw,,ﬂﬂwwmf ff,/,,,._w,,rwmﬂ” NN BN N ,mm.mm < Wmnwuﬂwf ] rmmmm;@xm A Amh |
P ; PO ,..,.,.n.u...,.m o N A ,,W_.V.h.al ] \,,. 3 . - \
= S /) et /] ) M\q N TR ) 281 7)) wmi 25 _ )
= RS /6 VS T w6 oy A6 S g A ) z |
2 Fa~ <4 o s <5 A
= g%
=
=
=
[=P]
=
[~



US 2014/0243640 A1

Aug. 28,2014 Sheet 4 of 6

Patent Application Publication

e

ﬁkw

g

Y fﬂ.m.f,/,f.!/ff/frwf/ff,/%x//ﬁf /;..mf,/‘ff|m

S

Y y NN W N

b
Q,f//;w/ /fff/p/f

Qw/w‘/xﬁﬂ

G- o
vi (74

g

Z
.

auﬁ
Nm\\ mh\ MIQHT M
NMJJ} ok

m:.m\ﬁ.rJ

st 0L

18 O}
[\

,xfff:/f/_/y//fx/ff

mff/?,.&/ RN

eSS

DR

S

3
/J.avw//f/.w,m p

mﬂm\ -

Nm.}fu.w
o 8




Patent Application Publication  Aug. 28,2014 Sheet 5 of 6 US 2014/0243640 A1




US 2014/0243640 A1

99 €0t 201,
- | DN | e T /
= f{ f,ﬂ‘krl»fff;,ﬁ“.
. ,
> \\ /,f
=S % LD 9}
- w Li L b ) } ,
- ,/;_“,/f//hffffxxm,?ffffam_mff,f,fwf me,.yf/ff»:f;/ff/// ////w/w_\m/ff
= N 201 s o
2’ /,./c/‘./.f/.!/f A N r/;rf/./.ff\i- o B N O R .r\\v-vx/..f..»../n,./.:./...nrﬂx Y ] B
oo o T T T T
& N - A ¢ Ay
! N S N IA NANLNATE 18 /1N N 1 G VT N e ,ﬁ,,,ﬁvx_w/ TN
E YT T ol R bﬁ ] A /
g4 - oy | o
\ 02 SoL-_ oz ) w gz 85K oz S-C ) o
N 90E g S = S S
< N\ ¢ [Saou £ ool P
P e
89 1 o \wvwm»;h%w/ LAt i )
5910t 1 any LOL BOL *
701 901

Patent Application Publication



US 2014/0243640 Al

CATHETER AND A SYSTEM AND A METHOD
FOR LOCATING A CATHETER IN A VESSEL

[0001] 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 elec-
trodes 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.

[0002] Catheters for measuring cross-sectional area, diam-
eter, 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 elec-
trodes 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 elec-
trodes. 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 indica-
tive of the diameter of the vessel. From these voltage values
the cross-sectional area and the diameter of the vessel adja-
cent 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 vol-
ume of a relatively narrow vessel, such as, for example, an
artery or the like.

[0003] Another type of measuring catheter is a balloon
catheter which comprises an elongated catheter having an
inflatable element, typically a balloon located on the catheter
towards the distal end thereof, with the catheter extending
through the 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 com-
monly 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 elec-
trically conductive inflating medium to fill the vessel. By
applying a constant current of known value through the
stimulating electrodes, voltages induced on the sensing elec-
trodes are indicative of the diameter and cross-sectional area
and the diameter of the vessel adjacent the respective sensing
electrodes.

[0004] One problem which arises with such catheters, be
they measuring catheters without a balloon or measuring
catheters with a balloon, namely, balloon catheters, is that, in
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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 accurately 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 rela-
tive to the lower oesophageal sphincter and the stomach.
[0005] 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 ofan 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.

[0006] There is therefore a need for a catheter and a balloon
catheter which addresses these problems.

[0007] 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 cath-
eter, be it a balloon catheter or a non-balloon catheter, in a
vessel.

[0008] According to the invention, there is provided a cath-
eter 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.

[0009] In one aspect of the invention one indicating means
is located adjacent each of at least some of the electrodes.
[0010] In another aspect of the invention each indicating
means is located on the corresponding electrode.

[0011] In a further aspect of the invention each indicating
means is located in the corresponding electrode.

[0012] In one embodiment of the invention each electrode
1s located on the catheter member, and in another embodiment
of the invention each indicating means is located on the cath-
eter member adjacent the corresponding electrode.

[0013] 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 receiv-
able by a digital video camera.

[0014] Inoneaspectofthe invention the signal outputted by
each indicating means is adapted to be receivable by an imag-
ing device of an imaging system adapted for use in a laparo-
scopic procedure.

[0015] Inanother aspect of the invention the signal output-
ted by each indicating means comprises a light signal derived
from a light source.

[0016] Preferably, each indicating means comprises a light
outputting means.

[0017] In one aspect of the invention each light outputting
means comprises an opening for accommodating light there-
through.

[0018] Inanother aspect of the invention each light output-

ting means comprises a lens for accommodating the light
therethrough.
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[0019] In a further aspect of the invention the light source
comptrises a remote light source, and a light transmitting
means is provided for communicating the light outputting
means with the remote light source.

[0020] Preferably, the light transmitting means extends
through the catheter member. Advantageously, the light trans-
mitting 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.

[0021] 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 transmit-
ting light thereto from the respective remote light sources.

[0022] In one aspect of the invention the remote light
sources produce light of respective different wavelengths.

[0023] Preferably, each remote light source comprises at
least one light emitting diode. Advantageously, each remote
light source comprises a plurality of light emitting diodes.

[0024] In one embodiment of the invention the light trans-
mitting means comprises at least one optical fibre.

[0025] 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 adja-
cent the corresponding light outputting means.

[0026] 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 corre-
sponding one ofthe light outputting means to which light is to
be transmitted for directing light from the light accommodat-
ing bore to the corresponding light outputting means. Prefer-
ably, each light directing means comprises a reflector.

[0027] Inanotheraspect of the invention a bore extends into
the catheter member adjacent each electrode for communi-
cating 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 elec-
trode.

[0028] Inoneaspect ofthe invention each indicating means
comprises a corresponding light source. Preferably, the light
source of each indicating means comprises a light emitting
diode.

[0029] Inanotheraspectoftheinvention atleast some of the
light sources of the respective indicating means produce light
of respective different wavelengths.

[0030] Inoneembodiment of the invention at least some of
the electrodes are adapted for measuring volume and/or trans-
verse cross-sectional area of a vessel or a lumen in which the
catheter 1s located, and two of the electrodes are located
longitudinally spaced apart from each other on a distal por-
tion 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 mem-
ber 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
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applied to the stimulating electrodes when the distal portion
of the catheter member is located in an electrically conducted
medium.

[0031] Inanother embodiment of the invention at least one
of the electrodes is adapted for ablating tissue.

[0032] Inanother embodiment of the invention the catheter
further comprises an inflatable balloon mounted on the cath-
eter member, and a communicating means is provided for
communicating the balloon with an inflating medium source.
[0033] Preferably, the communicating means is adapted for
communicating the balloon with an electrically conductive
medium source.

[0034] In one embodiment of the invention at least one of
the electrodes is located on the balloon on an outer surface of
the balloon.

[0035] In another embodiment of the invention one of the
indicating means is located adjacent the electrode located on
the balloon.

[0036] In one aspect of the invention at least two of the
electrodes are located on the balloon on the outer surface
thereof.

[0037] In another embodiment of the invention each elec-
trode located on the balloon is adapted for ablating tissue.
[0038] 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
catheter member extends through the balloon. Preferably, the
balloon defines with the catheter member an annular hollow
interior region extending around the catheter member.
[0039] In one embodiment of the invention each electrode
1s provided with a corresponding indicating means.

[0040] In another embodiment of the invention each elec-
trode comprises a band electrode.

[0041] 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.

[0042] Preferably, the imaging device comprises a charge
coupled device (CCD) imaging clip. Alternatively, the imag-
ing device comprises a video camera.

[0043] In one embodiment of the invention the imaging
device is adapted for use in a laparoscopic procedure.
[0044] Theinvention 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 compris-
ing 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 inthe
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.

[0045] Preferably, the image captured by the imaging
means is displayed on a visual display screen.
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[0046] 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.

[0047] The advantages of the invention are many. A par-
ticularly 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, rela-
tively accurately located in the vessel or lumen. This permits
accurate computation of the cross-sectional area and/or diam-
eter 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.

[0048] The provision of the indicating means as an output-
ting 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.

[0049] Since each light outputting means is located adja-
cent 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 or lumen, thereby permitting accurate placement of
the catheter or balloon catheter in the vessel or lumen.
[0050] 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 refer-
ence to the accompanying drawings, in which:

[0051] FIG. 1 is a longitudinal cross-sectional side eleva-
tional view of a catheter according to the invention,

[0052] 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,

[0053] FIG. 3 is a longitudinal cross-sectional side eleva-
tional view of a portion of a catheter according to another
embodiment of the invention,

[0054] FIG. 4 is a longitudinal cross-sectional side eleva-
tional view of a catheter according to another embodiment of
the invention,

[0055] FIG. 5 is a longitudinal cross-sectional side eleva-
tional view of a balloon catheter according to another
embodiment of the invention,

[0056] FIG. 6 is a longitudinal cross-sectional side eleva-
tional view of a balloon catheter according to a further
embodiment of the invention,

[0057] FIG. 7 is a longitudinal cross-sectional side eleva-
tional view of a balloon catheter according to a further
embodiment of the invention,

[0058] FIG. 8 is a partly cut-away perspective view of a
portion of the body of a subject illustrating a portion of the
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balloon catheter of FIG. 7 in use along with an imaging
system also according to the invention, and

[0059] FIG. 9 is a longitudinal cross-sectional side eleva-
tional view of a balloon catheter according to a further
embodiment of the invention.

[0060] Referring to the drawings and initially to FIG. 1,
there is illustrated a catheter according to the invention, indi-
cated 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 mem-
ber 3 extending from a proximal end 4 to a distal end 5.
[0061] 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 completely 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 are located between the stimu-
lating 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 elec-
trodes 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 sens-
ingelectrodes 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 elec-
trodes 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 sensing electrodes 9.

[0062] A communicating means, namely, an electrically
conductive medium accommodating bore 10 extending lon-
gitudinally through the catheter member 3 from the proximal
end 4 1o 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 medium 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.
Pat. Specification No. 4,840,182 of Carlson.

[0063] is An elongated longitudinally extending cable
accommodating bore 12 extends through the catheter mem-
ber 3 from the proximal end 4 thereof towards the distal end
5 for accommodating mutually electrically insulated, electri-
cally conductive wires 16 from the proximal end 4 to the
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stimulating electrodes 8 and the sensing electrodes 9. Two of
the wires 16 which are connected to the stimulating elec-
trodes 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 accommodating bore 12 accommodate the wires 16
from the cable accommodating bore 12 to the respective
measuring electrodes 7, where they are connected thereto by
an electrically conductive adhesive, solder or the like.
[0064] 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 light 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 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 exter-
nally 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 ref-
erence to FIG. 2.

[0065] A radial bore 22 through each corresponding mea-
suring 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.

[0066] 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 accommo-
dating bore 12.

[0067] 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 a
human or animal subject, such as, a portion of a vessel or
lumen, for example, a portion 24 of the intestine 25. In accor-
dance with the invention, the imaging system 26 which com-
prises the imaging device 27, typically a charge coupled
device (CCD) imaging chip or a video camera which is pro-
vided in a laparoscope 30 is used in conjunction 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
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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 translu-
cent. 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 emit-
ted from the light emitting diodes 20 on the visual display
screen 29, until the catheter 1 with the electrodes 7 is accu-
rately located in the portion 24 of the intestine 25.

[0068] 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 stimulat-
ing 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. Val-
ues 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.

[0069] In use, the catheter 1 is entered through an appro-
priate 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 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 typically 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 pow-
ered up to produce light.

[0070] An image of the vessel or lumen and the light emit-
ting diodes 20 which identify the locations of the electrodes 7
is captured by the imaging device 27, and the image is dis-
played 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 accu-
rately located in the vessel, use and operation of the catheter
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1 continues as with a conventional catheter having measuring
electrodes thereon and as discussed above.

[0071] Referring now to FIG. 3, there is illustrated a cath-
eter according to another embodiment of the invention, indi-
cated 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.

[0072] Otherwise, the catheter 40 is similar to the catheter
1 and its use is likewise similar.

[0073] Referring now to FIG. 4, there is illustrated a cath-
eter according to another embodiment of the invention, indi-
cated 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 indi-
cating 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 commu-
nicate with a light transmitting means provided by a longitu-
dinally extending light accommodating bore 53 through
radial bores 54 extending radially through the catheter mem-
ber 3. The light accommodating bore 53 extends longitudi-
nally through the catheter member 3 from the proximal end 4
thereofto 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.

[0074] Thelight source 55isoptically coupled into the light
accommodating 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 direct-
ing light from the light accommodating bore 53 to and
through the radial bores 54, in this embodiment of the inven-
tion 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.
[0075] Inthis embodiment of the invention the light accom-
modating bore 53 may also be adapted for delivering an
electrically conductive liquid therethrough to the vessel or
lumen. Alternatively, a dedicated liquid medium accommo-
dating 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
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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 such a bore is provided.

[0076] In use, the catheter 50 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 1s trans-
lucent, 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 accom-
modating openings 52, which identify the locations of the
corresponding electrodes 7, can manoeuvre 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.

[0077] Otherwise, the catheter 50 and its use is substan-
tially similar to that of the catheter 1.

[0078] Referring now to FIG. 5, there is illustrated a bal-
loon catheter also according to the invention, indicated gen-
erally by the reference numeral 60 for determining the diam-
eter, transverse cross-sectional area and/or volume of a vessel
or lumen in the 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 com-
prising a pair of stimulating electrodes 8, and longitudinally
spaced apart sensing electrodes 9 located between the stimu-
lating 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.

[0079] 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 measur-
ing 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 longi-
tudinally 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.

[0080] A plurality oflight outputting means, namely, single
light emitting diodes 20 are mounted on the respective mea-
suring electrodes 7 in a similar manner as the light emitting
diodes 20 are mounted on the measuring electrodes 7 of the
catheter 1.
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[0081] Wires 23 for powering the light emitting diodes 20,
and wires 16 for communicating with the measuring elec-
trodes 7 are accommodated through a cable accommodating
bore 12. Radial bores 18 extending through the catheter mem-
ber 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.

[0082] The balloon catheter 60 according to this embodi-
ment of the invention is particularly 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 particularly 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.

[0083] 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
system 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 measuring electrodes 7 are accurately
located in the vessel or lumen.

[0084] Thereafter the use of the balloon catheter 60 is simi-
lar to that of a conventional balloon catheter.

[0085] Referring now to FIG. 6, there is illustrated a bal-
loon catheter also according to the invention, indicated gen-
erally by the reference numeral 70 for determining the diam-
eter, transverse cross-sectional area and/or volume of a vessel
or lumen in the body of a human or animal subject. The
balloon catheter 70 is substantially similar to the balloon
catheter 60 and similar components are identified by the same
reference numerals. The main difference between the balloon
catheter 70 and the 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.
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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.

[0086] Inthis embodiment of the invention the light source
71 is provided by a single 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.

[0087] Inuse, whenthe 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
powered up. Light from the light source 71 is transmitted
through the optical fibre cable 72, and in turn through the
optical fibres 73 to emanate radially from the catheter mem-
ber 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
avisual display screen similar to the visual display screen 29
of the imaging 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 cath-
eter 70 until the balloon 65 and the measuring electrodes 7 are
accurately located in the vessel or lumen.

[0088] Thereafter, use of the balloon catheter 70 is similar
to use of a conventional balloon catheter.

[0089] Referring now to FIG. 7, there is illustrated a bal-
loon catheter according to another embodiment of the inven-
tion, indicated generally by the reference numeral 80 for
determining the diameter, transverse cross-sectional area
and/or the volume ofa 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 identify-
ing 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
alight 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 embodi-
ment of the invention the distal leading tip 81 of the catheter
member 63 terminates in a hemispherical lens 85 which is
optically 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
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the catheter member 63, and also through an angle of 180°
relative to the longitudinally extending central axis 86 of the
catheter member 63.

[0090] Inuse, 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 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 but 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.

[0091] Thereafter use of the balloon catheter 80 in deter-
mining 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.
[0092] Referring now to FIG. 8 there is illustrated an imag-
ing 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 90 comprises an imaging chip 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.

[0093] Inuse, the laparoscope 94 with the imaging chip 92
on the distal end 93 thereof is 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
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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 the distal portion 64 of the catheter member 3
through the stomach 91. The surgeon by observing the dis-
played 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.

[0094] 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 com-
mence. Thereafter the bariatric procedure is carried out in a
conventional manner.

[0095] 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 simi-
lar to the balloon catheter 60 described with reference to FIG.
5, and similar components are identified by the same refer-
ence 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 outer surface 102 of
amember 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 electrodes 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 expand with expansion of the mem-
brane 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 ofthe invention comprise respec-
tive light emitting diodes 104 which are mounted on the
ablating electrodes 101. Electrically conductive wires 105
extending through bores 106 which extend through the cor-
responding ablating electrodes 101 and the membrane 103 of
the balloon 65 provide power to the corresponding light emit-
ting 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).

[0096] Electrically 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).
[0097] Thelength of the wires 105 and 108 extending from
the bores 107 and 110 to 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 o be ablated.
[0098] Measuring electrodes 7 are located on the distal
portion 64 of the catheter member 63 within the hollow inte-
rior region 66 of the balloon 65 for determining the diameter,
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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 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 reference to the balloon catheter 60.

[0099] 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 ves-
sel, lumen or organ. The light emitting diodes 104 are then
powered up. An image 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 organ to be ablated. Thereafter ablating of
the tissue is carried out inl a conventional manner.

[0100] It will of course be appreciated that the light emit-
ting 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 65 and the ablating electrodes 101
therein could be carried out in one manoeuvring of the bal-
loon catheter 100 within the vessel, lumen or organ.

[0101] 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 correspond-
ing 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.
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[0102] Ttis also envisaged that where the light outputting
means comprises an opening formed in the respective elec-
trodes or formed by an opening in the catheter member adja-
cent 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 each 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.

[0103] Where the light transmitting means comprises opti-
cal 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.
[0104] Needless to say, the light outputting means may be
located in any suitable location on or adjacent the measuring
electrodes.

[0105] Itis also envisaged that while it is desirable to pro-
vide 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 cer-
tain cases, only adjacent some of the sensing electrodes, or
alternatively, adjacent one or both of the stimulating elec-
trodes.

[0106] 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 more 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 measur-
ing is electrodes.

[0107] 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 optical 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.
Needless to say, where the light of different colours or differ-
ent wavelengths is transmitted through longitudinally extend-
ing light accommodating bores, it is envisaged that separate
light accommodating bores will be provided for light of
respective different colours.

[0108] 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 spectrum, for example, infra-red light,
ultra-violet light or the like. Itis also envisaged that indicating
means other than light emitting means may be provided, for
indicating the locations of the electrodes. For example, such
indicating means could be adapted to produce signals other
than light signals, for example, ultrasonic signals, microwave
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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.

[0109] 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 appre-
ciated that the catheter members of any of the catheters and
balloon catheters described with reference to FIGS. 1to 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.

[0110] It is also envisaged that while the measuring elec-
trodes have been described as being band electrodes which
extend completely around the catheter member, any other
suitable electrodes may be used, and needless 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 elec-
trodes do not extend completely around the catheter member,
the light emitting means may be located on the catheter mem-
ber ina gap between respective opposite ends of the electrode.
[0111] It will also be appreciated that while the catheters
have been described as being adapted for measuring diameter,
transverse cross-sectional area 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
emitting means would be provided adjacent each ablating
electrode.

[0112] While in the catheters and balloon catheters
described with reference to FIGS. 1 to 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 loca-
tion 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.

[0113] Itwill also be appreciated that while in the embodi-
ments 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 envis-
aged 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 electrodes, only
the two outer electrodes would be provided 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
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provided 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 elec-
trodes, for example, the outer electrodes may only be pro-
vided with indicating means.

[0114] 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 cath-
eters and balloon catheters may be used for making imped-
ance measuremnients in general, and not just measurements of
diameter, transverse cross-section and volume. For example,
the catheters and balloon catheters may be used as electro-
physiology catheters and balloon catheters which measure
heart signals.

[0115] 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.

[0116] It will also be appreciated that any other suitable
directing means for directing light in the light accommodat-
ing bore extending through the catheter member from the
light accommodating bore through the bores 54 in the cath-
eter 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.

1-53. (canceled)

54. 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 identi-
fying the location of the adjacent electrode.

55. A catheter as claimed in claim 54 in which one indicat-
ing means is located adjacent each of at least some of the
electrodes, and preferably, each indicating means is located
on the corresponding electrode, and advantageously, each
indicating means is located in the corresponding electrode.

56. A catheter as claimed in claim 54 in which each elec-
trode is located on the catheter member, and preferably, each
indicating means is located on the catheter member adjacent
the corresponding electrode.

57. A catheter as claimed in claim 54 in which the signal
outputted by each indicating means is adapted to be receiv-
able by an imaging device of an imaging system, and prefer-
ably, the signal outputted by each indicating means is adapted
to be receivable by a charge coupled device (CCD) imaging
chip, and advantageously, the signal outputted by each indi-
cating means is adapted to be receivable by a digital video
camera, and preferably, the signal outputted by each indicat-
ing means is adapted to be receivable by an imaging device of
an imaging system adapted for use in a laparoscopic proce-
dure.
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58. A catheter as claimed in claim 54 in which the signal
outputted by each indicating means comprises a light signal
derived from a light source.

59. A catheter as claimed in claim 58 in which each indi-
cating means comprises a light outputting means, and pref-
erably, each light outputting means comprises an opening for
accommodating light therethrough, and advantageously, each
light outputting means comprises a lens for accommodating
the light therethrough, and preferably, the light source com-
prises a remote light source, and a light transmitting means is
provided for communicating the light outputting means with
the remote light source, and preferably, the light transmitting
means extends through the catheter member.

60. A catheter as claimed in claim 59 in which the light
transmitting means extends from the proximal end of the
catheter member, and preferably, the light transmitting means
adjacent the proximal end of the catheter member is adapted
for coupling to the remote light source.

61. A catheter as claimed in claim 59 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 light sources, and preferably, the remote light sources
produce light of respective different wavelengths.

62. A catheter as claimed in claim 59 in which each remote
light source comprises at least one light emitting diode, and
preferably, each remote light source comprises a plurality of
light emitting diodes.

63. A catheter as claimed in claim 59 in which the light
transmitting means comprises at least one optical fibre, and
preferably, the light transmitting means comprises a plurality
of optical fibres, and advantageously, each optical fibre ter-
minates in a distal end adjacent the corresponding light out-
putting means, and preferably, 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, and
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, and advantageously,
each light directing means comprises a reflector.

64. A catheter as claimed in claim 59 in which a bore
extends into the catheter member adjacent each electrode for
communicating the corresponding light outputting means
with the light transmitting means, and preferably, each light
outputting means communicates with the light transmitting
means through a bore extending through the corresponding
electrode.

65. A catheter as claimed in claim 57 in which each indi-
cating means comprises a corresponding light source, and
preferably, the light source of each indicating means com-
prises a light emitting diode, and advantageously, at least
some of the light sources of the respective indicating means
produce light of respective different wavelengths.

66. A catheter as claimed in claim 54 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 electrodes are located
longitudinally spaced apart from each other on a distal por-
tion of the catheter member and are adapted as stimulating
electrodes for receiving a stimulating electrical current, and
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other ones of the electrodes are located on the catheter mem-
ber 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, and preferably, at least one of the electrodes is
adapted for ablating tissue.

67. A catheter as claimed in claim 54 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, and preferably, the
communicating means is adapted for communicating the bal-
loon with an electrically conductive medium source, and
advantageously, at least one of the electrodes is located on the
balloon on anouter surface of the balloon, and preferably, one
of the indicating means is located adjacent the electrode
located on the balloon, and advantageously, at least two ofthe
electrodes are located on the balloon on the outer surface
thereof, and preferably, each electrode located on the balloon
is adapted for ablating tissue.

68. A balloon catheter as claimed in claim 67 in which the
balloon 1s located on the catheter member with at least some
of the electrodes located on the catheter member within the
balloon, and preferably, the catheter member extends through
the balloon, and preferably, the balloon defines with the cath-
eter member an annular hollow interior region extending
around the catheter member.

69. A catheter as claimed in claim 54 in which each elec-
trode is provided with a corresponding indicating means, and
preferably, each electrode comprises a band electrode.

70. A system for locating a catheter in a vessel or lumen in
a human or animal subject, the system comprising the cath-
eter as claimed in claim 54 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 imag-
ing 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.

71. A system as claimed in claim 70 in which the imaging
device comprises a charge coupled device (CCD) imaging
clip, alternatively, the imaging device comprises a video cam-
era, and preferably, the imaging device is adapted for use ina
laparoscopic procedure.

72. 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 elec-
trodes, 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 indi-
cating 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.

73. A method as claimed in claim 72 in which the image
captured by the imaging means is displayed on a visual dis-
play screen, and preferably, the catheter member is manoeu-
vred within the vessel or lumen until the image of the vessel
or lumen and the detectable signal outputted by the indicating
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means displayed on the visual display screen is indicative of
the catheter member being correctly located in the vessel or
lumen.
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