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Description

[0001] The present invention relates to apparatus for
determining volume of a vessel, and in particular, though
not limited to apparatus for determining volume of a com-
pliant vessel, such as, for example, a biological organ,
for example, an oesophagus, a stomach, a pouch in a
stomach created during bariatric surgery, or any other
such vessel.
[0002] Apparatus for determining the volume of a ves-
sel is known. Such apparatus typically comprises a cath-
eter extending from a proximal end to a distal end and
having a plurality of longitudinally spaced apart elec-
trodes located towards the distal end of the catheter. Two
of the electrodes, namely, the two extreme electrodes,
typically are stimulating electrodes for receiving a stim-
ulus signal, while the remaining electrodes which are lo-
cated between the stimulating electrodes are sensing
electrodes on which a voltage develops in response to
the stimulus signal when the catheter is located in a ves-
sel containing an electrically conductive medium. By pro-
viding the stimulus signal as a constant current signal of
known current value, and by determining the voltages
developed on the sensing electrodes, a determination of
the volume of the vessel can be made.
[0003] Where it is not feasible to provide an electrically
conductive medium in the vessel, the volume of which is
to be determined, a balloon catheter is provided whereby
a balloon is located on the end of the catheter with the
catheter extending through the balloon. The stimulating
and sensing electrodes are located on the catheter within
the balloon. The balloon is inserted into the vessel the
volume of which is to be determined and inflated with an
electrically conductive inflating medium. The balloon typ-
ically is inflated to fill the vessel, so that the balloon when
inflated defines the interior of the vessel. With the balloon
defining the interior of the vessel, a stimulus signal is
applied to the stimulating electrodes, and resulting volt-
ages on the sensing electrodes are simultaneously read.
The volume of the inflated balloon and in turn the volume
of the vessel is computed from the read values of the
voltages on the sensing electrodes, the value of the cur-
rent applied to the stimulating electrodes and the electri-
cal resistance of the inflating medium.
[0004] However, a problem with such apparatus
known heretofore is that it is not possible to determine
the volume of a part of the vessel, and additionally, in the
case of apparatus which comprise a balloon catheter, it
is difficult and in many cases impossible to determine
when the balloon has been inflated to a state where it
defines the interior of the vessel, since inflating of the
balloon may also cause the vessel, the volume of which
is to be determined to expand.
[0005] There is therefore a need for apparatus for de-
termining volume of a vessel which addresses these
problems.
[0006] The invention is directed towards apparatus for
determining volume of a vessel, and the invention is also

directed towards apparatus for determining volume of a
part of a vessel, for example, a pouch formed in a stom-
ach during bariatric surgery.
[0007] According to the invention there is provided ap-
paratus for determining volume of a vessel, the apparatus
comprising an elongated catheter extending between a
proximal end and a distal end, an inflatable expandable
element located on the catheter adjacent the distal end
thereof with the catheter extending through the expand-
able element, so that on inflating of the expandable ele-
ment, the expandable element defines with the catheter
an annular hollow interior region, the expandable ele-
ment being adapted to define the interior of the vessel
on inflating of the expandable element in the vessel, at
least one stimulating electrode located on one of the cath-
eter and the expandable element within the expandable
element, a plurality of longitudinally spaced apart sensing
electrodes located on one of the catheter and the ex-
pandable element within the expandable element longi-
tudinally spaced apart from the at least one stimulating
electrode, a communicating means communicating with
the hollow interior region of the expandable element for
accommodating an electrically conductive inflating me-
dium, a signal generating means for applying an electrical
stimulus signal to the at least one stimulating electrode,
a signal processing means for reading respective signals
from at least some of the sensing electrodes in response
to the stimulus signal and for computing the volume of
the inflated expandable element between at least two
axially spaced apart locations from the signals read from
the sensing electrodes, the signal processing means be-
ing adapted for outputting a signal indicative of a graph-
ical representation of the approximate external longitu-
dinal profile of the expandable element, and a visual dis-
play screen responsive to signals produced by the signal
processing means for displaying the graphical represen-
tation of the approximate external longitudinal profile of
the expandable element graphically, wherein the visual
display screen is responsive to signals produced by the
signal processing means for displaying a graphical rep-
resentation of at least some of the sensing electrodes
superimposed on the graphical representation of the ap-
proximate external longitudinal profile of the expandable
element displayed thereon, the locations between which
the volume of the expandable element is computable are
selectable, and an input means is provided for facilitating
inputting of a signal to the signal processing means for
selecting two of the sensing electrodes corresponding to
the locations between which the volume of the expand-
able element is to be computed.
[0008] Preferably, the locations between which the vol-
ume of the expandable element is computable are loca-
tions which correspond to locations in the vessel of re-
duced transverse cross-section. Advantageously, the
signal processing means is adapted for producing a sig-
nal indicative of a location at which the vessel is of re-
duced transverse cross-section.
[0009] Preferably, the signal processing means is
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adapted for outputting a signal indicative of the location
of at least one of the sensing electrodes adjacent the
location at which the vessel is of reduced transverse
cross-section.
[0010] Advantageously, the signal processing means
is adapted for computing the transverse cross-sectional
area of the expandable element adjacent at least one of
the locations of the vessel of reduced transverse cross-
section.
[0011] In one embodiment of the invention the signal
processing means is adapted for computing the trans-
verse cross-sectional area of the expandable element
adjacent locations corresponding to at least some of the
sensing electrodes.
[0012] Advantageously, the signal processing means
is adapted for determining the slope of the approximate
external longitudinal profile of the expandable element.
[0013] In one embodiment of the invention the signal
processing means is adapted for determining the loca-
tions of the vessel of reduced transverse cross-section
as a function of the slope of the longitudinal profile of the
expandable element.
[0014] In another embodiment of the invention the sig-
nal processing means is adapted for computing the trans-
verse cross-sectional area of the inflated expandable el-
ement at a location intermediate an adjacent pair of the
sensing electrodes with reference to the slope of the ap-
proximate external longitudinal profile of the expandable
element intermediate the said adjacent pair of the sens-
ing electrodes.
[0015] In a further embodiment of the invention the sig-
nal processing means is adapted for computing the trans-
verse cross-sectional area of the expandable element at
a location intermediate an adjacent pair of the sensing
electrodes with reference to the slope of the approximate
external longitudinal profile of the expandable element
adjacent the said location.
[0016] Advantageously, the visual display screen is re-
sponsive to a signal produced by the signal processing
means for displaying the computed volume of the inflated
expandable element.
[0017] Ideally, the visual display screen is responsive
to signals produced by the signal processing means for
displaying the computed transverse cross-sectional area
of the inflated expandable element at at least one location
of the inflated expandable element.
[0018] In another embodiment of the invention the vis-
ual display screen is responsive to signals produced by
the signal processing means for displaying the computed
transverse cross-sectional area of the inflated expanda-
ble element at locations corresponding to each of the
sensing electrodes.
[0019] In a further embodiment of the invention the vis-
ual display screen is responsive to signals produced by
the signal processing means for displaying the computed
transverse cross-sectional area of the inflated expanda-
ble element at locations of reduced transverse cross-sec-
tional area of the inflated expandable element.

[0020] In a still further embodiment of the invention a
means is provided for determining when the expandable
element defines the interior of the vessel.
[0021] Preferably, the means for determining when the
expandable element defines the interior region of the ves-
sel comprises a pressure sensing means for monitoring
the pressure of the inflating medium in the expandable
element.
[0022] Advantageously, the signal processing means
is responsive to a signal from the pressure sensing
means indicative of an increase in the pressure of the
inflating medium in the expandable element as the inflat-
ing medium is being delivered into the expandable ele-
ment for determining when the expandable element de-
fines the interior of the vessel.
[0023] In another embodiment of the invention the sig-
nal processing means is responsive to a signal from the
pressure sensing means indicative of an increase in the
rate of change of pressure of the inflating medium in the
expandable element per unit of inflating medium deliv-
ered thereto for determining when the expandable ele-
ment defines the interior of the vessel.
[0024] In a further embodiment of the invention the ex-
pandable element is adapted so that pressure exerted
by the expandable element on the vessel adjacent one
of the locations of reduced transverse cross-section of
the vessel during expanding of the expandable element
is insufficient to dilate the vessel adjacent the location of
reduced transverse cross-section.
[0025] Preferably, the expandable element is shaped
in order to avoid dilation of the vessel adjacent the one
of the locations of reduced transverse cross-section
thereof during expansion of the expandable element.
[0026] Advantageously, a portion of the expandable
element is of reduced transverse cross-section for align-
ing with the location of the vessel of reduced transverse
cross-section.
[0027] Preferably, the portion of reduced transverse
cross-section of the expandable element is located to-
wards one of the distal end and the proximal end thereof.
[0028] Advantageously, the portion of reduced trans-
verse cross-section of the expandable element is located
adjacent one of the distal end and the proximal end there-
of.
[0029] In a further embodiment of the invention the ex-
pandable element comprises a flexible material. Prefer-
ably, the expandable element comprises a resilient ma-
terial. Ideally, the expandable element is sealably se-
cured to the catheter.
[0030] In another embodiment of the invention the
communicating means comprises a first lumen extending
through the catheter from the proximal end thereof to a
location in the catheter within the hollow interior region
of the expandable element for accommodating the inflat-
ing medium into the expandable element.
[0031] In another embodiment of the invention at least
one first radial bore extends from the first lumen through
the catheter for communicating the first lumen with the
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hollow interior region of the expandable element.
[0032] Preferably, electrically conductive means are
provided for electrically coupling the signal generating
means with the at least one stimulating electrode and for
electrically coupling the signal processing means with
the respective sensing electrodes.
[0033] In another embodiment of the invention a sec-
ond lumen extends through the catheter from the proxi-
mal end thereof to a location adjacent the stimulating and
sensing electrodes for accommodating the electrically
conductive means from the signal generating means and
the signal processing means to the stimulating and sens-
ing electrodes.
[0034] In a further embodiment of the invention the
electrically conductive means comprises a plurality of
electrically conductive wires, one electrically conductive
wire being provided for each one of the stimulating and
sensing electrodes.
[0035] Preferably, a plurality of second radial bores ex-
tend from the second lumen through the catheter within
the expandable element for accommodating the electri-
cally conductive wires from the second lumen to the re-
spective stimulating and sensing electrodes.
[0036] In another embodiment of the invention a pair
of longitudinally spaced apart stimulating electrodes are
provided.
[0037] Preferably, the sensing electrodes are located
between the pair of stimulating electrodes.
[0038] In another embodiment of the invention the ex-
pandable element comprises a balloon.
[0039] In a further embodiment of the invention the ap-
paratus is adapted for determining the volume of a stom-
ach. Preferably, the apparatus is adapted for determining
the volume of a part of a stomach.
[0040] Advantageously, the apparatus is adapted for
determining the volume of a pouch formed in a stomach
during or after bariatric surgery.
[0041] Ideally, the apparatus is adapted for determin-
ing the volume of the pouch between respective locations
of the pouch of reduced transverse cross-section.
[0042] The advantages of the invention are many. A
particularly important advantage of the invention is that
it provides an apparatus and a method for determining
the volume of a part of a vessel, as well as for determining
the entire volume of a vessel. A further advantage of the
invention is that it allows the volume of the vessel or a
part thereof to be determined without the risk of expan-
sion of the vessel the volume of which is to be determined.
[0043] The invention will be more clearly understood
from the following description of some preferred embod-
iments thereof, which are given by way of example only,
with reference to the accompanying drawings, in which:

Fig. 1 is a partly schematic side elevational view and
partly block representational view of apparatus ac-
cording to the invention for determining volume of a
biological organ,

Fig. 2 is a transverse cross-sectional end elevational
view of a portion of the apparatus of Fig. 1 on the
line II-II of Fig. 1,

Fig. 3 is a graphical representation of a profile pro-
duced by the apparatus of Fig. 1,

Fig. 4 is a transverse cross-sectional side elevational
view of the apparatus of Fig. 1 in use,

Fig. 5 is another transverse cross-sectional side el-
evational view of the apparatus of Fig. 1 in use,

Fig. 6 is a graphical representation of an external
longitudinal profile produced by the apparatus of Fig.
1 when used as illustrated in Fig. 5,

Fig. 7 is a further transverse cross-sectional side el-
evational view of the apparatus of Fig. 1 in use,

Fig. 8 is a graphical representation of an external
longitudinal profile produced by the apparatus of Fig.
1 when used as illustrated in Fig. 7, and

Fig. 9 is a transverse cross-sectional side elevational
view of a balloon catheter also according to the in-
vention for use with the apparatus of Fig. 1.

[0044] Referring to the drawings and initially to Figs. 1
to 4 thereof, there is illustrated apparatus according to
the invention, indicated generally by the reference nu-
meral 1, for determining volume of a vessel. In this em-
bodiment of the invention the apparatus 1 is particularly
suitable for determining volume of a pouch 2 created in
the stomach 3 of a subject by bariatric surgery, whereby
a lap-band 18 is located around the exterior of the stom-
ach 3 to form the pouch 2, see Fig. 4. Accordingly, the
apparatus 1 is particularly suitable for determining vol-
ume of a selectable part of a vessel. The apparatus 1
comprises a balloon catheter 5 having an elongated cath-
eter 6 extending between a proximal end 7 and a distal
end 8. An expandable element, which in this case com-
prises an inflatable balloon 10 is located on and sealably
secured to the catheter 6 adjacent the distal end 8 with
the catheter 6 extending through the balloon 10, so that
the balloon 10 when inflated defines with the catheter 6
an annular hollow interior region 12.
[0045] The balloon 10 is adapted for locating in the
pouch 2 of the stomach 3, so that when inflated the bal-
loon 10 defines the interior of the pouch 2 and a lower
portion of the oesophagus 11 as well as the lower
oesophageal sphincter 13 and a stoma 4 formed between
the pouch 2 and an upper portion 9 of the stomach 3
during the bariatric surgery. Therefore by determining
the volume of the portion of the inflated balloon 10 in the
pouch 2, the volume of the pouch 2 is determined, as will
be described below. The balloon 10 is of a flexible elastic
material with a relatively high coefficient of elastic expan-
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sion, so that the pressure required to expand the balloon
10 to define the pouch 2 is relatively low.
[0046] A pair of stimulating electrodes 14 are located
on the catheter 6 within the hollow interior region 12 of
the balloon 10 and are longitudinally spaced apart along
the catheter 6. A plurality of sensing electrodes 15 are
also located on the catheter 6 within the hollow interior
region 12 of the balloon 10 between the stimulating elec-
trodes 14, and are longitudinally spaced apart from each
other along the catheter 6 and are also longitudinally
spaced apart from the stimulating electrodes 14. In this
embodiment of the invention the sensing electrodes 15
are equi-spaced apart longitudinally from each other, and
the stimulating electrodes 14 are each equi-spaced apart
from the corresponding adjacent sensing electrode 15.
The spacing between the stimulating electrodes 14 and
their respective corresponding adjacent sensing elec-
trodes 15 is similar to the spacing between adjacent ones
of the sensing electrodes 15. However, the spacing be-
tween the stimulating electrodes 14 and the adjacent
ones of the sensing electrodes 15 may be different to the
spacing between the sensing electrodes 15, and in many
cases the spacing between the stimulating electrodes 14
and the adjacent ones of the sensing electrodes 15 may
be greater than the spacing between the sensing elec-
trodes 15. Indeed, in certain cases the spacing between
the sensing electrodes may vary, but would be known.
The stimulating and sensing electrodes 14 and 15 are
band type electrodes of electrically conductive metal foil
and extend completely around the catheter 6.
[0047] A communicating means comprising a first lu-
men 16 extending longitudinally through the catheter 6
from the proximal end 7 to a location within the balloon
10, and a pair of radially extending first bores 17 extend-
ing through the catheter 6 from the first lumen 16 to the
hollow interior region 12 are provided for accommodating
an electrically conductive inflating medium to the hollow
interior region 12 of the balloon 10 for inflating thereof,
see Fig. 2. A pump 19 delivers the electrically conductive
inflating medium, which in this embodiment of the inven-
tion is a saline solution from a reservoir 20 through a fluid
line 22 which is coupled to the first lumen 16 adjacent
the proximal end 7 of the catheter 6.
[0048] A second lumen 24 extends longitudinally
through the catheter 6 from the proximal end 7 to the
stimulating and sensing electrodes 14 and 15 for accom-
modating a plurality of mutually insulated electrically con-
ductive wires 25 and 26 to the respective stimulating and
sensing electrodes 14 and 15, respectively. In this em-
bodiment of the invention two wires 25 are provided, one
for each stimulating electrode 14, and the number of
wires 26 is similar to the number of sensing electrodes,
so that one wire 26 is provided for each sensing electrode
15. Second bores 23 extend radially through the catheter
6 from the second lumen 24 for accommodating the re-
spective wires 25 and 26 from the second lumen 24 to
the corresponding stimulating and sensing electrodes 14
and 15. The wires 25 are coupled to a signal generator

27, which generates and applies an electrical stimulus
signal, namely, an electrical constant current signal of
known current value to the stimulating electrodes 14. The
wires 26 are coupled to a signal processing means,
namely, a microprocessor 28, which reads signals,
namely, voltage signals on the sensing electrodes 15 in
response to the stimulus current signal applied to the
stimulating electrodes 14 which is conducted through the
saline solution in the hollow interior region 12 when the
balloon 10 is inflated to the sensing electrodes 15. The
microprocessor 28 is operable to compute the volume of
the inflated balloon 10 from the voltage signals read from
the sensing electrodes 15, for in turn determining the
volume of the pouch 2 by determining the volume of the
portion of the balloon 10 in the pouch 2, as will be de-
scribed below. The signal generator 27 is operable under
the control of the microprocessor 28 for applying the stim-
ulus signal to the stimulating electrodes 14.
[0049] A third lumen 30 extends longitudinally through
the catheter 6 from the proximal end 7 to a location within
the balloon 10, and a third radial bore 31 extending
through the catheter 6 within the balloon 10 communi-
cates the third lumen 30 with the hollow interior region
12 of the balloon 10. A pressure sensing means, namely,
a pressure sensor 33 communicates with the hollow in-
terior region 12 of the balloon 10 through the third lumen
30 and the third radial bore 31, and through a pipeline
34 for monitoring the pressure of the saline solution in
the balloon 10 during inflating thereof, so that a determi-
nation as to when the balloon 10 defines the interior of
the pouch 2 can be made.
[0050] In this embodiment of the invention the pressure
sensor 33 provides a visual readout of the pressure of
the saline solution in the balloon 10, and can be physically
read by an individual operating the pump 19 to inflate the
balloon 10 with the saline solution. In this embodiment
of the invention the pump 19 pumps the saline solution
at a constant rate. Therefore, the balloon 10 is deter-
mined as defining the interior of the pouch 2 when the
rate of change of pressure of the saline solution in the
balloon 10 per unit of inflating medium delivered to the
balloon 10 commences to increase significantly during
inflating of the balloon 10. Since the balloon 10 is of a
flexible material with a relatively high coefficient of elastic
expansion, the pressure required to expand the balloon
10 up to a state where it fills the pouch 2, in other words,
defines the interior of the pouch 2 is relatively low, and
also increases at a relatively low rate. In other words, the
rate of change of the pressure in the balloon per unit
volume of saline solution delivered to the balloon 10 is
relatively low and is substantially constant until the bal-
loon 10 defines the interior of the pouch 2. However, once
the balloon has been expanded to define the interior of
the pouch 2, further delivery of saline solution into the
balloon 10 causes the balloon 10 to act on the wall of the
pouch 2 to in turn attempt to expand the pouch 2. Since
the wall of the pouch 2 is considerably less elastic than
the balloon 10, when the balloon 10 defines the interior
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of the pouch 2, the rate of change of pressure in the saline
solution per unit volume of saline solution delivered to
the balloon 10 suddenly increases significantly, thus in-
dicating that the balloon 10 has been inflated to a state
where the balloon 10 defines the interior of the pouch 2.
At this stage, the pressure of the saline solution in the
balloon 2 is slightly reduced to the pressure of the saline
solution just prior to the increase in the rate of change of
pressure in the saline solution, in order to avoid any dan-
ger of the pouch 2 being expanded by the balloon 10.
Thus, the balloon 10 is determined as defining the interior
of the pouch 2 at the pressure displayed by the pressure
sensor 33 just prior to the sudden jump in the rate of
change of pressure of the saline solution in the balloon
10.
[0051] It is envisaged that a flow meter (not shown)
may be located in the fluid line for monitoring the volume
rate of delivery of the saline solution into the balloon 10,
and electrical output signals indicative of the volume rate
of delivery of saline solution into the balloon 10 from the
flow meter would be fed to the microprocessor 28. Addi-
tionally, electrical output signals from the pressure sen-
sor 33 indicative of the pressure of the saline solution in
the balloon 10 would also be fed to the microprocessor
28. The microprocessor 28 would then read the signals
from the flow meter and the pressure sensor 33 for de-
termining when a jump in the rate of change of pressure
of the saline solution per unit of volume of the saline so-
lution delivered to the balloon 10 occurs during inflating
thereof. The pump 19 could be operated under the control
of the microprocessor 28, and on the microprocessor 28
determining that the inflated balloon defined the interior
of the pouch 2, the pump 19 would be deactivated.
[0052] Returning now to the microprocessor 28, the
microprocessor 28 is programmed to control the signal
generator 27 for outputting the stimulus signal which is
of known constant current value to the stimulating elec-
trodes 14, and for simultaneously reading the respective
voltage signals on the sensing electrodes 15 in response
to the stimulus current signal when the balloon 10 is in-
flated with the saline solution to define the interior of the
pouch 2. By determining the voltage on the respective
sensing electrodes 15, the electrical impedance of the
saline solution between the stimulating electrodes 14 and
the two adjacent sensing electrodes 15, and also be-
tween adjacent pairs of the sensing electrodes 15 can
be determined.
[0053] The electrical impedance of the saline solution
between each adjacent pair of the sensing electrodes 15
is inversely proportional to the transverse cross-sectional
area of the inflated balloon 10 adjacent the relevant pair
of the sensing electrodes 15, and is proportional to the
distance between the relevant pair of sensing electrodes
15. Since the distance between adjacent pairs of the
sensing electrodes 15 is similar, the electrical impedance
between adjacent pairs of the sensing electrodes 15 can
be taken as being equal to a constant times the inverse
of the transverse cross-sectional area of the balloon 10

adjacent the corresponding pair of sensing electrodes
15. The voltage drop between adjacent pairs of the sens-
ing electrodes 15 is equal to the product of the impedance
of the saline solution between the corresponding adja-
cent pairs of sensing electrodes 15 and the known value
of the constant stimulus current. Therefore, the trans-
verse cross-sectional area of the balloon adjacent each
adjacent pair of sensing electrodes 15 is inversely pro-
portional to the voltage drop between the corresponding
adjacent pair of the sensing electrodes 15, and is there-
fore equal to a constant times the inverse of the product
of the voltage drop by the known value of the constant
stimulus current. The microprocessor 28 is programmed
to compute the transverse cross-sectional area of the
balloon adjacent the respective sensing electrodes 15
from the following equation: 

where

A is the transverse cross-sectional area of the bal-
loon adjacent one of the sensing electrodes,
I is the value of the current of the stimulus signal
applied to the stimulating electrodes 14,
V is the voltage drop between the sensing electrodes
and the next adjacent sensing electrode, and
K is a constant determined from the impedance per
unit volume of the saline solution and the spacing
between adjacent pairs of the sensing electrodes.

[0054] Since the spacing between the sensing elec-
trodes 15 is known, and is constant, by determining the
transverse cross-sectional area of the balloon 10 adja-
cent one of the sensing electrodes 15, the volume of the
balloon 10 between that sensing electrode 15 and the
next adjacent sensing electrode 15 can be determined
by multiplying the transverse cross-sectional area of the
balloon 10 adjacent the sensing electrode 15 by the spac-
ing between that sensing electrode 15 and the next ad-
jacent sensing electrode 15, assuming that the spacing
between the sensing electrodes 15 is sufficiently small
that any variation in the transverse cross-sectional area
of the inflated balloon 10 between adjacent pairs of the
sensing electrodes 15 will be relatively small. According-
ly, by computing the volume of the balloon between ad-
jacent pairs of the sensing electrodes 15, the total volume
of the balloon 10 between any two selected sensing elec-
trodes 15 can be readily determined by merely summing
the volumes between the respective pairs of the sensing
electrodes 15 which are located between the two select-
ed sensing electrodes 15 between which the volume of
the balloon 10 is to be determined.
[0055] The microprocessor 28 is programmed to com-
pute the transverse cross-sectional area of the inflated
balloon 10 adjacent the respective sensing electrodes
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15. On computing the respective transverse cross-sec-
tional areas of the inflated balloon 10, the microprocessor
28 is programmed to compute the volume of the inflated
balloon 10 between the adjacent pairs of the sensing
electrodes 15 by multiplying the transverse cross-sec-
tional area of the inflated balloon 10 at each of the sensing
electrodes 15 by the distance between each pair of sens-
ing electrodes 15. The microprocessor 28 is programmed
to compute the total volume of the inflated balloon 10 by
summing the respective computed volumes of the inflat-
ed balloon 10 between the adjacent pairs of the sensing
electrodes 15. Additionally, the microprocessor 28 is pro-
grammed to compute the volume of the inflated balloon
10 between any two selectable locations corresponding
to any two of the sensing electrodes 15. The volume be-
tween two selected ones of the sensing electrodes 15 is
computed by summing the computed volumes between
the adjacent pairs of the sensing electrodes between the
two selected ones of the sensing electrodes 15. Thus,
by selecting two of the sensing electrodes 15, the volume
of a part of the balloon can be readily determined.
[0056] The microprocessor 28 from the computed
transverse cross-sectional areas of the inflated balloon
10 adjacent the respective sensing electrodes 15 is pro-
grammed to compute an approximate external longitudi-
nal profile of the inflated balloon 10 which is based on
the respective computed transverse cross-sectional ar-
eas, assuming the inflated balloon 10 is symmetrical
about its central longitudinal axis, see Fig. 3. In cases
where the pouch and in turn the inflated balloon 10 is
symmetrical about the central longitudinal axis of the bal-
loon 10, the approximate external longitudinal profile of
the balloon 10 computed by the microprocessor 28 is a
relatively accurate representation of the actual external
longitudinal profile of the balloon 10. However, in cases
where the pouch 2, and in turn the inflated balloon 10 is
hot symmetrical about the central longitudinal axis of the
balloon 10, the approximate external longitudinal profile
of the balloon 10 computed by the microprocessor 28 will
be only a very approximate representation of the actual
external longitudinal profile of the balloon 10, and the
more asymmetrical the balloon becomes relative to its
longitudinal central axis, the less representative the com-
puted approximate external longitudinal profile of the bal-
loon 10 will be of the actual external longitudinal profile
of the balloon 10. However, the computed values of trans-
verse cross-sectional area of the balloon 10 at the loca-
tions corresponding to the locations of the respective
sensing electrodes 15 will be a relatively accurate value
of the actual transverse cross-sectional areas, since the
transverse cross-sectional areas of the balloon 10 are
computed independently of the shape of the balloon 10.
[0057] A visual display screen 35 is operated under
the control of the microprocessor 28 for displaying a
graphical representation 36 of the approximate external
longitudinal profile of the inflated balloon 10 computed
by the microprocessor 28. The graphical representation
36 of the approximate external longitudinal profile of the

inflated balloon 10 is illustrated by the curved lines 37 on
the visual display screen 35. The microprocessor 28 also
outputs signals to the visual display screen 35 which are
indicative of the locations of the respective sensing elec-
trodes 15 relative to the graphical representation 36 of
the approximate external longitudinal profile of the inflat-
ed balloon 10 for display on the visual display screen 35.
The locations of the sensing electrodes 15 relative to the
graphical representation 36 of the inflated balloon 10 are
represented by the transverse lines 39 on the visual dis-
play screen 35.
[0058] Windows 38 in the visual display screen 35 dis-
play the values of the computed transverse cross-sec-
tional areas of the balloon 10 at the locations correspond-
ing to the locations of the respective sensing electrodes
15. A window 40 in the visual display screen 35 displays
the computed value of the volume of the inflated balloon
10 or a selected part of the volume thereof. Windows 41
and 42 display the computed transverse cross-sectional
areas of the inflated balloon 10 at the locations which
correspond to the locations of the stoma 4 of the pouch
2 and the lower oesophageal sphincter 13, namely, at
the locations 43 and 44, respectively, on the graphical
representation 36 of the inflated balloon 10.
[0059] An input means, namely, a keyboard 45 and a
mouse 46 are provided for facilitating inputting of data
and commands into the microprocessor 28. A user wish-
ing to select the part of the inflated balloon 10 the volume
of which is to be computed selects the relevant two of
the transverse lines 39 which represent the relevant two
of the sensing electrodes 15 between which the volume
of the inflated balloon 10 is to be computed for display in
the window 40. The relevant two of the transverse lines
39 are selected by moving a cursor (not shown) displayed
on the visual display screen 35 to select the relevant two
of the transverse lines 39. This selection may be made
through the mouse 46 or the keyboard 45. This permits
a user by inspecting the graphical representation 36 of
the approximate external longitudinal profile of the bal-
loon 10 displayed on the visual display screen 35 to select
the sensing electrodes 15 between which the volume of
the balloon 10 is to be determined. For example, by se-
lecting the part of the balloon 10 between the two loca-
tions 43 and 44 at which the inflated balloon 10 is of
reduced transverse cross-sectional area, which result
from pressure on the balloon 10 caused by the stoma 4
and the oesophageal sphincter 13 between which the
pouch 2 is formed, the volume of the pouch 2 is computed
by the microprocessor 28 and displayed in the window
40 in the display screen 35.
[0060] Alternatively, the visual display screen may be
a touch screen, and the locations between which the vol-
ume of the balloon 10 is to be computed would be se-
lected by touching the screen adjacent the two transverse
lines 39 between which the volume of the balloon 10 is
to be computed.
[0061] The microprocessor 28 is also programmed to
determine the locations 43 and 44 on the approximate
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external longitudinal profile of the inflated balloon 10,
which correspond to the stoma 4 and the lower oesopha-
geal sphincter 13. To do this, the microprocessor 28 is
programmed to determine the locations of reduced trans-
verse cross-section of the inflated balloon 10. This is car-
ried out by determining the points of inflection along the
curved lines 37 which represent the approximate external
longitudinal profile of the inflated balloon 10. The points
of inflection are determined by computing the slope of
the curved lines 37 representing the approximate exter-
nal longitudinal profile of the balloon 10 with respect to
a central axis 47 of the graphical representation 36. The
slope of the curved lines 37 is computed by computing
the derivatives of the curved lines 37 with respect to the
distance along the central axis 47, and the points of in-
flection along the curved lines 37 are obtained by equat-
ing the derivatives to zero. A negative derivative value is
indicative of a reducing transverse cross-sectional area,
while a positive derivative is indicative of an increasing
transverse cross-sectional area. Thus, a derivative value
of the curved lines 37 of the approximate external longi-
tudinal profile of the inflated balloon 10 with respect to
distance along the catheter 6 of zero value when the de-
rivative value transitions through the zero value from a
negative derivative value to a positive derivative value is
determined as being indicative of a location of a point of
inflection on the lines 37, which correspond to a location
of reduced transverse cross-section of the inflated bal-
loon 10.
[0062] Where a point of inflection on the curved lines
37 representing the approximate external longitudinal
profile of the balloon 10 corresponding to a location of
reduced transverse cross-section of the balloon 10 does
not coincide with one of the transverse lines 39 on the
visual display screen 35, in other words, when the point
of inflection is located at a location between an adjacent
pair of the sensing electrodes 15, the transverse cross-
sectional area of the balloon 10 at the relevant point of
inflection is computed based on the computed slope of
the curved lines 37 of the approximate external longitu-
dinal profile between the adjacent pair of sensing elec-
trodes 15. Alternatively, the transverse cross-sectional
area corresponding to the relevant point of inflection is
determined by interpolating between the computed
transverse cross-sectional areas of the balloon 10 at the
adjacent pair of sensing electrodes 15. The computed
transverse cross-sectional area of the balloon 10 at the
relevant point of inflection is displayed in the correspond-
ing one of the windows 41 and 42. Additionally, in this
case the volume of the balloon 10 between the two loca-
tions of reduced transverse cross-section which corre-
spond to the respective points of inflection is computed
between the respective points of inflection, even when
the points of inflection do not coincide with the locations
of any of the sensing electrodes, since the distance of
each point of inflection from the adjacent sensing elec-
trode 15 can be computed, and the volume or volumes
of the balloon 10 between the relevant point of inflection

and the adjacent sensing electrode 15 is also computed.
This or these computed values are then added to the
summed values of the computed values of the volume
of the balloon between the relevant sensing electrodes
15 between the points of inflection. In cases where the
visual display screen is a touch screen, the locations be-
tween the volume of the balloon 10 is to be computed
can be selected as locations between adjacent pairs of
sensing electrodes 15, and the volume of the balloon 10
between the selected locations would be similarly com-
puted by computing the volume of the balloon 10 between
each selected location and the adjacent sensing elec-
trode 15, and summing these computed values with the
sum of the computed values of the volume of the balloon
10 between the respective relevant adjacent sensing
electrodes 15.
[0063] Referring now to Figs. 3 and 4, use of the ap-
paratus 1 of Figs. 1 and 2 for determining the volume of
the pouch 2 created in the stomach 3 of a subject during
bariatric surgery, whereby the pouch 2 is formed by the
lap-band 18, will now be described. With the balloon 10
deflated, the balloon catheter 5 is inserted by an endo-
scope or directly either trans-nasally or trans-orally
through the oesophagus 11 into the stomach 3 as illus-
trated in Fig. 4 until the balloon 10 is located in the pouch
2 with the distal end 8 of the catheter 6 and a distal portion
of the balloon 10 extending downwardly into the upper
portion 9 of the stomach 3. The balloon 10 is then inflated
by the pump 19 with the saline solution. During inflating
of the balloon 10 the pressure of the saline solution in
the balloon 10 is monitored on the pressure sensor 33.
On a sudden increase in the rate of change of the pres-
sure of the saline solution per unit volume thereof deliv-
ered into the balloon 10 being detected, inflating of the
balloon 10 is terminated and the pressure in the saline
solution is reduced by bleeding a small volume of the
saline solution from the balloon 10 until the pressure in
the saline solution is equal to the pressure just prior to
the sudden increase in the rate of change of the pressure
in the saline solution. At that stage the inflated balloon is
determined as being inflated to a state which defines the
pouch 2.
[0064] The microprocessor 28 is commanded through
the keyboard 45 or the mouse 46 to operate the signal
generator 27 to apply the stimulus signal of constant cur-
rent to the stimulating electrodes 14. The resulting volt-
ages on the sensing electrodes 15 are simultaneously
read by the microprocessor 28, which in turn computes
the transverse cross-sectional areas of the balloon 10
adjacent the respective sensing electrodes 15. The mi-
croprocessor 28 then determines the approximate exter-
nal longitudinal profile of the inflated balloon 10 from the
computed values of the transverse cross-sectional areas
of the balloon 10 adjacent the sensing electrodes 15, and
produces a signal indicative of the graphical representa-
tion 36 of the approximate external longitudinal profile of
the balloon 10 which is outputted to the visual display
screen 35, and the graphical representation 36 of the
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external longitudinal profile is displayed on the visual dis-
play screen 35, see Fig. 3. If the representation 36 of the
external longitudinal profile of the inflated balloon 10 dis-
played on the visual display screen 35 is not represent-
ative of the pouch 2 created in the stomach 3 of the sub-
ject during bariatric surgery, the balloon 10 is partially
deflated and the balloon catheter 5 is manoeuvred within
the pouch 2 and stomach 3 until the balloon 10 extends
from the pouch 2 into the upper portion 9 of the stomach 3.
[0065] With the balloon catheter 5 and the balloon 10
appropriately located, the balloon 10 is again inflated with
the saline solution and the pressure sensor 33 is moni-
tored for determining when the balloon 10 defines the
interior of the pouch 2. On the balloon 10 being deter-
mined as defining the pouch 2, the microprocessor 28 is
commanded to operate the signal generator 27 for ap-
plying the stimulus signal of constant current to the stim-
ulating electrodes 14. The microprocessor 28 simultane-
ously reads the resulting voltage signals on the sensing
electrodes 15, and computes the transverse cross-sec-
tional area of the balloon 10 at each of the sensing elec-
trodes 15, and in turn the approximate external longitu-
dinal profile of the balloon 10. The graphical representa-
tion 36 of the approximate external longitudinal profile of
the balloon 10 is displayed on the visual display screen
35.
[0066] Under the control of the microprocessor 28 the
transverse lines 39 which represent the locations of the
sensing electrodes 15 relative to the graphical represen-
tation 36 of the approximate external longitudinal profile
of the inflated balloon 10 are displayed on the visual dis-
play screen 35 superimposed on the graphical represen-
tation 36. The microprocessor 28 computes the deriva-
tive of the curved lines 37 of the approximate external
longitudinal profile of the inflated balloon 10, from which
the points of inflection on the curved lines 37 are deter-
mined, for in turn determining the locations 43 and 44 of
the points on the curved lines 37 of the approximate ex-
ternal longitudinal profile which correspond to the stoma
4 and the oesophageal sphincter 13. Having determined
the locations 43 and 44, the microprocessor 28 outputs
signals indicative of the transverse cross-sectional areas
of the balloon 10 at the locations 43 and 44. The values
of the transverse cross-sectional area of the balloon 10
at the locations 43 and 44 are displayed in the windows
41 and 42 on the visual display screen 35 adjacent the
corresponding ones of the transverse lines 39 which cor-
respond to the sensing electrodes 15 adjacent the loca-
tions 43 and 44 of the balloon 10. Thus, the sensing elec-
trodes 15 which are adjacent locations of the balloon 10
at the locations 43 and 44 of reduced transverse cross-
section can readily be identified on the visual display
screen 35. The computed values of the transverse cross-
sectionat area of the balloon 10 at locations correspond-
ing to all the sensing electrodes 15 are displayed in the
windows 38.
[0067] The microprocessor 28 computes the volume
of the pouch 2 between the locations 43 and 44 which

correspond to the stoma 4 and the oesophageal sphinc-
ter 13, which corresponds to the volume of the pouch 2,
and the computed volume is displayed on the visual dis-
play screen 35 in the window 40.
[0068] Alternatively, a user through either the key-
board 45 or the mouse 46 selects the transverse lines
39 on the visual display screen 35 which correspond to
the sensing electrodes 15 which correspond to the loca-
tions 43 and 44 of the balloon 10 of reduced transverse
cross-section. In this case, the sensing electrodes 15
which correspond to the locations 43 and 44 of the bal-
loon 10 are the sensing electrodes 15a and 15b which
are represented by the transverse lines 39a and 39b,
respectively, on the visual display screen 35, see Fig. 3.
The microprocessor 28 computes the volume of the in-
flated balloon 10 between the sensing electrodes 15a
and 15b represented by the transverse lines 39a and
39b. The computed volume is displayed in the window
40 on the visual display screen 35. To assist in identifying
the sensing electrodes 15 between which the volume of
the inflated balloon 10 is to be computed, the transverse
lines 39 may be identified by numbering. For example,
the transverse lines 39 may be numbered on the visual
display screen 35 consecutively from 1 upwards, the
transverse line 39 corresponding to the sensing electrode
15 adjacent the distal end 8 of the catheter 6 being as-
signed the number 1, and so on.
[0069] By knowing the volume of the pouch 2 formed
in the stomach 3, a user can then determine if the pouch
2 has increased or decreased in volume since the bari-
atric surgery had been carried out. Additionally, since the
values of the transverse cross-sectional areas of the in-
flated balloon 10 adjacent the locations 43 and 44 of the
graphical representation 36 which correspond respec-
tively to the transverse cross-sectional areas of the stoma
4 and the lower oesophageal sphincter 13, a user is able
to ascertain if the area of the oesophageal sphincter 13
and the stoma 4 have dilated since the bariatric surgery
had been carried out. If the volume of the pouch 2 has
increased or decreased, since the bariatric surgery or
since the volume had been computed previously, appro-
priate corrective surgery can be carried out. Additionally,
if the transverse cross-sectional area of the balloon at
the locations 43 and 44 which correspond to the trans-
verse cross-sectional area of the stoma 4 and the
oesophageal sphincter 13, respectively, have dilated
since the bariatric surgery or since the transverse cross-
sectional areas thereof had been previously computed,
appropriate corrective surgery can be carried out.
[0070] Referring now to Figs. 5 and 6, use of the ap-
paratus 1 for determining the volume of a pouch 2 of the
stomach 3 after bariatric surgery is also illustrated. How-
ever, in this case a hiatal hernia has occurred, and a
portion 60 of the pouch 2 has extended upwardly above
the diaphragm 61 of the subject. Pressure of the dia-
phragm 61 on the pouch 2 results in an intermediate lo-
cation 62 of reduced transverse cross-section, which is
represented on the approximate external longitudinal
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profile of the balloon 10 displayed on the visual display
screen 35 by two intermediate points of inflection 63.
Thus, a user by viewing a graphical representation of the
approximate external longitudinal profile of the balloon
10 on the visual display screen 35 can readily identify
the existence of the hiatal hernia. If desired, the volume
of the portion 60 of the pouch 2 between the oesophageal
sphincter 13 and the intermediate location 62 adjacent
the diaphragm 61 can be determined by selecting the
appropriate sensing electrodes 15 which are adjacent
the locations 44 and 63 on the graphical representation
36, and within which the part of the inflated balloon 10
which corresponds to the portion 60 of the pouch 2 lies.
The volume of the pouch 2 between the diaphragm 61
and the stoma 4 can likewise be determined by selecting
the appropriate sensing electrodes 15 which are adjacent
the locations 43 and 63. In this case the microprocessor
28 outputs signals indicative of the transverse cross-sec-
tional area of the inflated balloon 10 at the locations 43,
44 and 63 which are displayed in the windows 41 and 42
and in a window 64, respectively, of the visual display
screen 35. The volume of the portion of the pouch 2 be-
tween the locations 43 and 63 is displayed in the window
40a, and the volume of the portion 60 of the pouch 2 is
displayed in the window 40b of the visual display screen.
[0071] In Figs. 7 and 8 the apparatus 1 is illustrated for
determining the volume of a portion 70 of the stomach 3
which has been formed into a pouch 2 during a gastric
bypass procedure, and which has been directly coupled
to the small intestine 71. Use of the apparatus 1 for de-
termining the volume of the pouch 2 of the stomach 3 in
this case is similar to that already described with refer-
ence to Figs. 3 to 6. In this case the balloon catheter 6
is inserted trans-nasally or trans-orally into the oesopha-
gus 11 and through the oesophageal sphincter 13 into
the pouch 2, until the distal end 8 of the catheter 6 and
a distal portion of the balloon 10 extend through the stoma
4 of the pouch 2 and into the small intestine 71. The
balloon 10 is then inflated until it defines the transverse
cross-section of the pouch 2. The microprocessor 28 is
then operated to operate the signal generator 27 to apply
the stimulus signal of constant current to the stimulating
electrodes 14, and to simultaneously read the resulting
voltage signals on the sensing electrodes 15.
[0072] As already described, the microprocessor 28
computes the transverse cross-sectional area of the in-
flated balloon 10 adjacent the respective sensing elec-
trodes 15, and computes an approximate external longi-
tudinal profile of the inflated balloon 10 based on the com-
puted transverse cross-sectional areas thereof at the re-
spective sensing electrodes 15. However, in this case
since the pouch 2 is not symmetrical around a longitudi-
nally extending central axis, the approximate external
longitudinal profile of the inflated balloon computed by
the microprocessor 28 will not be an exact representation
of the actual external longitudinal profile of the balloon
or the pouch 2. However, the sensing electrodes 15 which
are identified as corresponding to locations of the balloon

10 of reduced transverse cross-section will in fact corre-
spond to the actual locations of reduced transverse
cross-section, namely, the locations 73 and 74 which cor-
respond to the stoma 4 and the oesophageal sphincter
13, respectively.
[0073] Additionally, the computed values of the trans-
verse cross-sectional area of the balloon 10 at the loca-
tions 73 and 74 will be a relatively accurate computation
of the actual transverse cross-sectional area of the bal-
loon 10 at the locations 73 and 74, since as discussed
above, the transverse cross-sectional area computed by
the microprocessor 24 is computed independently of the
shape of the balloon. Thus, all the computed values of
the transverse cross-sectional area of the balloon 10 ad-
jacent locations corresponding to the sensing electrodes
35 will be relatively accurate values of the respective ac-
tual transverse cross-sectional areas. Similarly, since the
volume of the balloon between the locations 73 and 74,
or any other selected location, which is computed by the
microprocessor 28 is computed as a function of the com-
puted transverse cross-sectional areas of the balloon 10
adjacent the corresponding sensing electrodes 15 be-
tween the locations 73 and 74 or other selected locations,
and is thus independent of the shape of the balloon, the
computed volume of the balloon or part thereof is a rel-
atively accurate value of the actual volume of the balloon
10 or part thereof.
[0074] To obtain the volume of the pouch 2 between
the oesophageal sphincter 13 and the stoma 4, a user
selects the two electrodes of the stimulating and sensing
electrodes 14 and 15 which correspond to the locations
73 and 74, and inputs the identities of the two electrodes
to the microprocessor 28 through the keyboard 45 or the
mouse 46. The microprocessor 28 then computes the
volume of the inflated balloon 10 between the selected
two electrodes, which is equal to the volume of the inflat-
ed balloon 10 between the locations 73 and 74 and in
turn the pouch 2 between the oesophageal sphincter 13
and the stoma 4. The computed volume is displayed on
the visual display screen 35 in the window 40. The trans-
verse cross-sectional area of the inflated balloon 10 ad-
jacent the locations 73 and 74 which correspond to the
stoma 4 and the oesophageal sphincter 13, respectively,
are also displayed in the windows 41 and 42 of the visual
display screen 10. The computed transverse cross-sec-
tional areas of the balloon 10 adjacent the respective
sensing electrodes 15 are displayed in the windows 38
in the visual display screen 35. Thus, a user can compare
the volume of the pouch 2 and the transverse cross-sec-
tional area of the oesophageal sphincter 13 and the sto-
ma 4 with previously computed values as already de-
scribed with reference to Figs. 3 and 6.
[0075] Referring now to Fig. 9, there is illustrated a
balloon catheter also according to the invention, indicat-
ed generally by the reference numeral 80. The balloon
catheter 80 according to this embodiment of the invention
is also suitable for use in the apparatus according to the
invention described with reference to Figs. 1 to 4. The
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balloon catheter 80 is substantially similar to the balloon
catheter 6 of the apparatus 1 described with reference
to Figs. 1 to 4, and similar components are identified by
the same reference numerals. The only difference be-
tween the balloon catheter 80 and the balloon catheter
1 is that a distal portion 81 of the balloon 10 of the balloon
catheter 80 is shaped to avoid or minimise dilation of the
vessel adjacent a location of reduced transverse cross-
section of the pouch 2, in other words, to avoid dilation
of the stoma 4 of the pouch 2 during inflating of the balloon
10. In this embodiment of the invention the distal portion
81 of the balloon 10 is of diameter less than the diameter
of the remainder of the balloon 10. Otherwise, the balloon
catheter 80 is similar to the balloon catheter 6 and its use
is likewise similar, with the exception that when the bal-
loon catheter 80 is being inserted into the pouch 2, a
portion 82 of the balloon 10 between the distal portion
81 thereof and the remainder of the balloon 10 is located
in the stoma 4.
[0076] While the apparatus 1 and the method accord-
ing to the invention have been described for determining
the volume of a pouch of a stomach formed as a result
of bariatric surgery or a gastric bypass procedure, the
apparatus and the method according to the invention may
be used for determining the volume of any biological or-
gan or any other vessel, biological or otherwise. Addi-
tionally, the apparatus and method according to the in-
vention may be used for determining the volume of any
vessel which does not form part of the human or animal
body.
[0077] In the embodiments of the invention described,
the points of inflection along the external longitudinal pro-
file of the balloon have been identified based on the slope
of the curved lines 37 which are representative of the
external longitudinal profile of the balloon. However, it is
envisaged that the points of inflection could be deter-
mined by comparing the computed transverse cross-sec-
tional areas with each other.
[0078] While the sensing electrodes have been de-
scribed as being equi-spaced apart from each other, it
will be readily apparent to those skilled in the art that the
spacing between the sensing electrodes may vary be-
tween adjacent pairs of sensing electrodes. It will also
be appreciated that the spacing between the stimulating
electrodes and the adjacent sensing electrodes may also
vary, and may be similar to or different from the spacing
between the sensing electrodes. Additionally, while the
stimulating and sensing electrodes have been described
as being band type electrodes which extend completely
around the catheter, it is envisaged in certain cases that
the electrodes need not necessarily extend completely
around the catheter, and furthermore, electrodes other
than band type electrodes may be provided. Indeed, it is
also envisaged in certain cases that instead of providing
the stimulating and sensing electrodes on the catheter,
the stimulating and sensing electrodes may be located
on the inner surface of the balloon. Further, it is envisaged
that in certain cases the stimulating electrodes may be

located on one of the catheter and the inner surface of
the balloon, and the stimulating electrodes may be locat-
ed on the other of the catheter and the inner surface of
the balloon.
[0079] It is also envisaged that in certain cases a single
stimulating electrode may be sufficient. It will be appre-
ciated that any number of sensing electrodes may be
provided, and the number of sensing electrodes will be
determined by the axial length of the balloon and the
resolution of the approximate external longitudinal profile
of the balloon required.
[0080] While the electrically conductive inflating medi-
um for inflating the balloon has been described as being
a saline solution, which is an incompressible fluid, in cer-
tain cases, it is envisaged that an electrically conductive
compressible fluid may be used, for example, an electri-
cally conductive gaseous medium. However, in which
case, when a determination as to when the balloon has
been inflated to a state where it defines the interior of the
vessel within which it is located is being made based on
an increase in the rate of change of pressure of the in-
flating medium in the balloon per unit mass of the inflating
medium delivered into the balloon, this ratio would have
to be based on the mass of the inflating medium being
delivered into the balloon, when the inflating medium is
a compressible medium.
[0081] Needless to say, any other compressible or in-
compressible electrically conductive media may be used
for inflating the balloon.
[0082] While the apparatus and the method have been
described for determining the volume of all or part of a
pouch formed in a stomach as a result of bariatric surgery,
it will be readily apparent to those skilled in the art that
the apparatus and method according to the invention may
be used for determining the volume or part of the volume
of any compliant vessel in an animal or human body,
such as the oesophagus, the stomach or any other ves-
sel.
[0083] It is also envisaged that the volume of the vessel
or the pouch may be graphically displayed, for example,
in the form of an approximate three-dimensional repre-
sentation.
[0084] It is envisaged that in certain cases it may be
possible to determine when the inflated balloon defines
the interior of the vessel or pouch by detecting a sudden
increase in the pressure of the inflating medium during
inflating of the balloon.
[0085] While in the embodiments of the invention de-
scribed, the pressure sensor has been located externally
of the balloon, and communicates with the balloon
through a third lumen, in certain cases, it is envisaged
that a pressure sensor may be located within the balloon,
and may be located on the catheter within the balloon for
monitoring the pressure of the inflating medium in the
balloon. In which case, the pressure sensor would be
electrically connected to the microprocessor 28 and/or a
pressure gauge for indicating the pressure of the inflating
medium within the balloon. This, thus, would avoid the
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need for providing a third lumen through the catheter.
[0086] While the balloon catheter of Fig. 9 has been
described as comprising a balloon which is shaped ad-
jacent its distal end in order to minimise dilation of the
vessel adjacent the one of the locations of reduced trans-
verse cross-section during expansion of the balloon, it is
envisaged that instead of shaping the distal end, the prox-
imal end of the balloon could be similarly shaped. Indeed,
any other suitable shaping arrangement of either the dis-
tal or proximal end of the balloon may be used. It is also
envisaged that where the length of the pouch or other
vessel is known, and thus, in the case of a pouch the
distance between the stoma and the oesophageal
sphincter would be known, the balloon could be shaped
at both its proximal and distal ends to avoid or to minimise
dilation of the stoma and the oesophageal sphincter dur-
ing inflating of the balloon.

Claims

1. Apparatus for determining volume of a vessel (2),
the apparatus (1) comprising an elongated catheter
(6) extending between a proximal end (7) and a distal
end (8), an inflatable expandable element (10) locat-
ed on the catheter (6) adjacent the distal end (8)
thereof with the catheter (6) extending through the
expandable element (10), so that on inflating of the
expandable element (10), the expandable element
(10) defines with the catheter (6) an annular hollow
interior region (12), the expandable element (10) be-
ing adapted to define the interior of the vessel (2) on
inflating of the expandable element (10) in the vessel
(2), at least one stimulating electrode (14) located
on one of the catheter (6) and the expandable ele-
ment (10) within the expandable element (10), a plu-
rality of longitudinally spaced apart sensing elec-
trodes (15) located on one of the catheter (6) and
the expandable element (10) within the expandable
element (10) longitudinally spaced apart from the at
least one stimulating electrode (14), a communicat-
ing means (16) communicating with the hollow inte-
rior region (12) of the expandable element (10) for
accommodating an electrically conductive inflating
medium, a signal generating means (27) for applying
an electrical stimulus signal to the at least one stim-
ulating electrode (14), a signal processing means
(28) for reading respective signals from at least some
of the sensing electrodes (15) in response to the
stimulus signal and for computing the volume of the
inflated expandable element (10) between at least
two axially spaced apart locations from the signals
read from the sensing electrodes (15), the signal
processing means (28) being adapted for outputting
a signal indicative of a graphical representation (36)
of the approximate external longitudinal profile of the
expandable element (10), and a visual display
screen (35) responsive to signals produced by the

signal processing means (28) for displaying the
graphical representation (36) of the approximate ex-
ternal longitudinal profile of the expandable element
(10), characterised in that the visual display screen
(35) is responsive to signals produced by the signal
processing means (28) for displaying a graphical
representation (39) of at least some of the sensing
electrodes (15) superimposed on the graphical rep-
resentation (36) of the approximate external longitu-
dinal profile of the expandable element (10) dis-
played thereon, the locations between which the vol-
ume of the expandable element is computable are
selectable, and an input means (45,46) is provided
for facilitating inputting of a signal to the signal
processing means (28) for selecting two of the sens-
ing electrodes (15) corresponding to the locations
between which the volume of the expandable ele-
ment (10) is to be computed.

2. Apparatus as claimed in Claim 1 characterised in
that the locations between which the volume of the
expandable element (10) is computable are loca-
tions (43,44) which correspond to locations in the
vessel (2) of reduced transverse cross-section.

3. Apparatus as claimed in Claim 2 characterised in
that the signal processing means (28) is adapted for
producing a signal indicative of a location (43, 44) at
which the vessel is of reduced transverse cross-sec-
tion.

4. Apparatus as claimed in Claim 3 characterised in
that the signal processing means (28) is adapted for
outputting a signal indicative of the location (43,44)
of at least one of the sensing electrodes (15) adjacent
the location at which the vessel (2) is of reduced
transverse cross-section.

5. Apparatus as claimed in any of Claims 2 to 4 char-
acterised in that the signal processing means (28)
is adapted for computing the transverse cross-sec-
tional area of the expandable element (10) adjacent
at least one of the locations (43, 44) of the vessel of
reduced transverse cross-section.

6. Apparatus as claimed in any preceding claim char-
acterised in that the signal processing means (28)
is adapted for determining the slope of the approxi-
mate external longitudinal profile of the expandable
element (10), and the signal processing means (28)
is adapted for determining the locations (43,44) of
the vessel of reduced transverse cross-section as a
function of the slope of the longitudinal profile of the
expandable element (10).

7. Apparatus as claimed in any preceding claim char-
acterised in that the visual. display screen (35) is
responsive to a signal produced by the signal
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processing means (28) for displaying the computed
volume of the inflated expandable element (10).

8. Apparatus as claimed in any preceding claim char-
acterised in that the visual display screen (35) is
responsive to signals produced by the signal
processing means (28) for displaying the computed
transverse cross-sectional area of the inflated ex-
pandable element (10) at at least one location of the
inflated expandable element.

9. Apparatus as claimed in any preceding claim char-
acterised in that a means (33) is provided for de-
termining when the expandable element (10) defines
the interior of the vessel (2).

10. Apparatus as claimed in Claim 9 characterised in
that the means (33) for determining when the ex-
pandable element (10) defines the interior region of
the vessel (2) comprises a pressure sensing means
(33) for monitoring the pressure of the inflating me-
dium in the expandable element (10).

11. Apparatus as claimed in Claim 10 characterised in
that the signal processing means (28) is responsive
to a signal from the pressure sensing means (33)
indicative of an increase in the pressure of the inflat-
ing medium in the expandable element (10) as the
inflating medium is being delivered into the expand-
able element (10) for determining when the expand-
able element (10) defines the interior of the vessel
(2).

12. Apparatus as claimed in Claim 10 or 11 character-
ised in that the signal processing means (28) is re-
sponsive to a signal from the pressure sensing
means (33) indicative of an increase in the rate of
change of pressure of the inflating medium in the
expandable element (10) per unit of inflating medium
delivered thereto for determining when the expand-
able element (10) defines the interior of the vessel
(2).

13. Apparatus as claimed in any preceding claim char-
acterised in that the expandable element (10) is
adapted so that pressure exerted by the expandable
element (10) on the vessel (2) adjacent one of the
locations (43, 44) of reduced transverse cross-sec-
tion of the vessel (2) during expanding of the expand-
able element (10) is insufficient to dilate the vessel
(2) adjacent the location (43,44) of reduced trans-
verse cross-section.

14. Apparatus as claimed in Claim 13 characterised in
that the expandable element (10) is shaped (81,82)
in order to avoid dilation of the vessel (2) adjacent
the one of the locations (43,44) of reduced trans-
verse cross-section thereof during expansion of the

expandable element (10).

15. Apparatus as claimed in Claim 14 characterised in
that a portion (81) of the expendable element (10)
is of reduced transverse cross-section for aligning
with the location (43,44) of the vessel (2) of reduced
transverse cross-section.

Patentansprüche

1. Vorrichtung zum Bestimmen eines Volumens eines
Gefäßes (2), wobei die Vorrichtung (1) aufweist ei-
nen verlängerten Katheter (6), der sich zwischen ei-
nem proximalen Ende (7) und einem distalen Ende
(8) erstreckt, ein aufblasbares sich aufweitendes
Element (10), das auf dem Katheter (6) benachbart
zu dessen distalen Ende (8) angeordnet ist, wobei
der Katheter (6) sich durch das sich aufweitende Ele-
ment (10) erstreckt, so dass bei Aufblasen des sich
ausweitenden Elements (10) das sich ausweitende
Element (10) mit dem Katheter (6) einen ringförmi-
gen hohlen inneren Bereich (12) definiert, das sich
ausweitende Element (10) dazu eingerichtet ist, das
Innere des Gefäßes (2) bei Aufblasen des sich auf-
weitenden Elements (10) in dem Gefäß (2) definiert,
mindestens eine Stimulationselektrode (14), die auf
dem Katheter (6) und/oder dem sich aufweitenden
Element (10) in dem sich aufweitenden Element (10)
angeordnet ist, eine Mehrzahl von in Längsrichtung
beabstandeten Messelektroden (15), die auf dem
Katheter (6) und/oder dem sich aufweitenden Ele-
ment in dem sich aufweitenden Element (10) in
Längsrichtung beabstandet von der mindestens ei-
nen Stimulationselektrode (14) angeordnet ist, ein
Kommunikationsmittel (16), das mit dem hohlen in-
neren Bereich (12) des sich aufweitenden Elements
(10) zum Aufnehmen eines elektrisch leitfähigen
Füllmediums kommuniziert, ein Signalerzeugungs-
mittel (27) zum Anlegen eines elektrischen Stimula-
tionssignals an die mindestens eine Stimulationse-
lektrode (14), ein Signalverarbeitungsmittel (28) zum
Lesen jeweiliger Signale von mindestens einigen der
Messelektroden (5) in Reaktion auf das Stimulati-
onssignal und zum Berechnen des Lumens des auf-
geblasenen sich aufweitenden Elements (10) zwi-
schen mindestens zwei axial beabstandeten Orten
aus den von den Messelektroden gelesenen Signa-
len, wobei das Signalverarbeitungsmittel (28) dazu
eingerichtet ist, ein Signal indikativ für eine graphi-
sche Darstellung (36) des ungefähren externen lon-
gitudinalen Profils des sich aufweitenden Elements
(10) auszugeben, und einen visuellen Anzeigebild-
schirm (35) zum Anzeigen der graphischen Darstel-
lung (36) des ungefähren externen longitudinalen
Profils des sich aufweitenden Elements (10) in Re-
aktion auf von dem Signalverarbeitungsmittel (28)
erzeugten Signalen, dadurch gekennzeichnet,
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dass der visuelle Anzeigebildschirm (35) auf durch
das Signalverarbeitungsmittel (28) erzeugte Signale
reagiert zum Anzeigen einer graphischen Darstel-
lung (36) von mindestens einigen der Messelektro-
den (15) überlagert auf die graphische Darstellung
(36) des ungefähren externen longitudinalen Profils
des darauf angezeigten sich aufweitenden Elements
(10), wobei Orte, zwischen denen das Volumen des
sich aufweitenden Elements berechenbar ist, aus-
wählbar sind, und ein Eingabemittel (45, 46) bereit-
gestellt ist, zum Vereinfachen einer Eingabe eines
Signals in das Signalverarbeitungsmittel (28) zum
Auswählen von zwei der Messelektroden (15) ent-
sprechend den Orten zwischen denen das Volumen
des sich ausweitenden Elements (10) berechnet
wird.

2. Vorrichtung wie in Anspruch 1 beansprucht, da-
durch gekennzeichnet, dass die Orte, zwischen
denen das Volumen des sich aufweitenden Ele-
ments (10) berechenbar ist, Orte (43, 44) sind, die
Orten in dem Gefäß (2) von reduziertem Querschnitt
entsprechen.

3. Vorrichtung wie in Anspruch 2 beansprucht, da-
durch gekennzeichnet, dass das Signalverarbei-
tungsmittel (28) dazu eingerichtet ist, ein Signal in-
dikativ einem Ort (43, 44) zu erzeugen, an dem das
Gefäß einen verringerten Querschnitt aufweist.

4. Vorrichtung wie in Anspruch 3 beansprucht, da-
durch gekennzeichnet, dass das Signalverarbei-
tungsmittel (28) dazu eingerichtet ist, ein Signal in-
dikativ des Ortes (43, 44) von mindestens einer der
Messelektroden (15) ist, die benachbart zu dem Ort
ist, an dem das Gefäß (2) den verringerten Quer-
schnitt aufweist.

5. Vorrichtung wie in einem der Ansprüche 2 bis 4 be-
ansprucht, dadurch gekennzeichnet, dass das Si-
gnalverarbeitungsmittel (28) dazu eingerichtet ist,
den Querschnittsbereich des sich aufweitenden Ele-
ments (10) zu berechnen, der benachbart zu min-
destens einem der Orte (43, 44) des Gefäßes mit
dem verringerten Querschnitt ist.

6. Vorrichtung wie in einem der vorangegangenen An-
sprüche beansprucht, dadurch gekennzeichnet,
dass das Signalverarbeitungsmittel (28) dazu ein-
gerichtet ist, die Steigung des ungefähren longitudi-
nalen Profils des sich aufweitenden Elements (10)
zu bestimmen, und das Signalverarbeitungsmittel
(28) dazu eingerichtet ist, die Orte (43, 44) des Ge-
fäßes mit verringertem Querschnitt als eine Funktion
der Steigung des longitudinalen Profils des sich auf-
weitenden Elements (10) zu bestimmen.

7. Vorrichtung wie in einem der vorangegangenen An-

sprüche beansprucht, dadurch gekennzeichnet,
dass der visuelle Anzeigebildschirm (53) auf ein
durch das Signalverarbeitungsmittel (28) erzeugtes
Signal reagiert zum Anzeigen des berechneten Vo-
lumens des aufgeblasenen sich aufweitenden Ele-
ments (10).

8. Vorrichtung wie in einem der vorangegangenen An-
sprüche beansprucht, dadurch gekennzeichnet,
dass der visuelle Anzeigebildschirm (35) auf durch
das Signalverarbeitungsmittel (28) erzeugte Signale
reagiert zum Anzeigen des berechneten Quer-
schnittsbereichs des aufgeblasenen sich aufweiten-
den Elements (10) an mindestens einem Ort des auf-
geblasenen sich aufweitenden Elements.

9. Vorrichtung wie in einem der vorangegangenen An-
sprüche beansprucht, dadurch gekennzeichnet,
dass ein Mittel (33) zum Bestimmen wann das sich
aufweitende Element (10) das Innere des Gefäßes
(2) definiert bereitgestellt ist.

10. Vorrichtung wie in Anspruch 9 beansprucht, da-
durch gekennzeichnet, dass die Mittel (33) zum
Bestimmen wann das sich aufweitende Element (10)
den Inneren Bereich des Gefäßes (2) definiert ein
Druckmessmittel (33) zum Überwachen des Drucks
des Füllmediums in dem sich aufweitenden Element
(10) aufweist.

11. Vorrichtung wie in Anspruch 10 beansprucht, da-
durch gekennzeichnet, dass das Signalverarbei-
tungsmittel (28) auf ein Signal von dem Druckmess-
mittel (33) reagiert, welches indikativ für eine Erhö-
hung des Drucks des Füllmediums in dem sich auf-
weitenden Element (10) ist, wenn das Füllmedium
in das sich aufweitende Element (10) abgegeben
wird, zum Bestimmen, wann das sich aufweitende
Element (10) das Innere des Gefäßes (2) definiert.

12. Vorrichtung wie in Anspruch 10 oder 11 bean-
sprucht, dadurch gekennzeichnet, dass das Sig-
nalverarbeitungsmittel (28) auf ein Signal des Druck-
messmittels (33) reagiert, welches indikativ ist für
eine Erhöhung der Änderungsrate des Drucks des
Füllmediums in dem sich aufweitenden Element (10)
pro Einheit des Füllmediums, welches an dieses ab-
gegeben wurde, zum Bestimmen, wann das sich auf-
weitende Element (10) das Innere des Gefäßes (12)
definiert.

13. Vorrichtung wie in einem der vorangegangenen An-
sprüche beansprucht, dadurch gekennzeichnet,
dass das sich aufweitende Element (10) derart ein-
gerichtet ist, dass Druck, der von dem sich aufwei-
tenden Element (10) auf das Gefäß (2) angewendet
wird, das benachbart zu einem der Orte (43, 44) mit
verringertem Querschnitt des Gefäßes (2) ist, wäh-
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rend des Expandierens des sich aufweitenden Ele-
ments (10) nicht ausreicht, um das Gefäß (2) be-
nachbart zu dem Ort (43, 44) mit verringertem Quer-
schnitt zu erweitern.

14. Vorrichtung wie in Anspruch 13 beansprucht, da-
durch gekennzeichnet, dass das sich aufweitende
Element (10) geformt (81, 82) ist, um eine Erweite-
rung des Gefäßes (2), welches benachbart zu einem
der Orte (43, 44) von verringertem Querschnitt da-
von ist, während der Expansion des sich aufweiten-
den Elements (10) zu verhindern.

15. Vorrichtung wie in Anspruch 14 beansprucht, da-
durch gekennzeichnet, dass ein Teil (18) des sich
aufweitenden Elements (10) einen verringerten
Querschnitt aufweist, zum Ausrichten mit dem Ort
(43, 44) des Gefäßes (2) mit verringertem Quer-
schnitt.

Revendications

1. Appareil pour déterminer le volume d’un vaisseau
(2), l’appareil (1) comprenant un cathéter allongé (6).
s’étendant entre une extrémité proximale (7) et une
extrémité distale (8), un élément expansible gonfla-
ble (10) positionné sur le cathéter (6) de manière
adjacente à son extrémité distale (8), avec le cathé-
ter (6) qui s’étend à travers l’élément expansible (10),
de sorte que suite au gonflage de l’élément expan-
sible (10), l’élément expansible (10) définit, avec le
cathéter (6), une région intérieure creuse annulaire
(12), l’élément expansible (10) étant adapté pour dé-
finir l’intérieur du vaisseau (2) suite au gonflage de
l’élément expansible (10) dans le vaisseau (2), au
moins une électrode de stimulation (14) positionnée
sur l’un parmi le cathéter (6) et l’élément expansible
(10) à l’intérieur de l’élément expansible (10), une
pluralité d’électrodes de détection (15) espacées de
manière longitudinale, positionnées sur l’un parmi le
cathéter (6) et l’élément expansible (10) à l’intérieur
de l’élément expansible (10), longitudinalement es-
pacées de la au moins une électrode de stimulation
(14), un moyen de communication (16) communi-
quant avec la région intérieure creuse (12) de l’élé-
ment expansible (10) pour loger un milieu de gon-
flage électriquement conducteur, un moyen de gé-
nération de signaux (27) pour appliquer un signal de
stimulus électrique à la au moins une électrode de
stimulation (14), un moyen de traitement de signaux
(28) pour lire les signaux respectifs provenant d’au
moins certaines des électrodes de détection (15) en
réponse au signal de stimulus et pour calculer le vo-
lume de l’élément expansible (10) gonflé entre au
moins deux emplacements axialement espacés pro-
venant des signaux lus à partir des électrodes de
détection (15) , le moyen de traitement de signaux

(28) étant adapté pour produire un signal indicatif
d’une représentation graphique (36) du profil longi-
tudinal externe approximatif de l’élément expansible
(10) et un écran visuel (35) sensible aux signaux
produits par le moyen de traitement de signaux (28)
afin d’afficher la représentation graphique (36) du
profil longitudinal externe approximatif de l’élément
expansible (10), caractérisé en ce que l’écran vi-
suel (35) est sensible aux signaux produits par le
moyen de traitement de signaux (28) pour afficher
une représentation graphique (39) d’au moins cer-
taines des électrodes de détection (15) superposées
sur la représentation graphique (36) du profil longi-
tudinal externe approximatif de l’élément expansible
(10) affiché sur ce dernier, les emplacements entre
lesquels le volume de l’élément expansible est cal-
culable peuvent être sélectionnés, et un moyen d’en-
trée (45, 46) est prévu pour faciliter l’entrée d’un si-
gnal dans le moyen de traitement de signaux (28)
pour sélectionner deux des électrodes de détection
(15) correspondant aux emplacements entre les-
quels le volume de l’élément expansible (10) doit
être calculé.

2. Appareil selon la revendication 1, caractérisé en ce
que les emplacements entre lesquels le volume de
l’élément expansible (10) peut être calculé, sont des
emplacements (43, 44) qui correspondent aux em-
placements dans le vaisseau (2) de section trans-
versale réduite.

3. Appareil selon la revendication 2, caractérisé en ce
que le moyen de traitement de signaux (28) est
adapté pour produire un signal indicatif d’un empla-
cement (43, 44) auquel le vaisseau a une section
transversale réduite.

4. Appareil selon la revendication 3, caractérisé en ce
que le moyen de traitement de signaux (28) est
adapté pour produire un signal indicatif de l’empla-
cement (43, 44) d’au moins l’une des électrodes de
détection (15) adjacentes à l’emplacement auquel
le vaisseau (2) a une section transversale réduite.

5. Appareil selon l’une quelconque des revendications
2 à 4, caractérisé en ce que le moyen de traitement
de signaux (28) est adapté pour calculer la surface
transversale de l’élément expansible (10) adjacent
à au moins l’un des emplacements (43, 44) du vais-
seau de section transversale réduite.

6. Appareil selon l’une quelconque des revendications
précédentes, caractérisé en ce que le moyen de
traitement de signaux (28) est adapté pour détermi-
ner la pente du profil longitudinal externe approxi-
matif de l’élément expansible (10), et le moyen de
traitement de signaux (28) est adapté pour détermi-
ner les emplacements (43, 44) du vaisseau de sec-
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tion transversale réduite en fonction de la pente du
profil longitudinal de l’élément expansible (10).

7. Appareil selon l’une quelconque des revendications
précédentes, caractérisé en ce que l’écran visuel
(35) est sensible à un signal produit par le moyen de
traitement de signaux (28) pour afficher le volume
calculé de l’élément expansible (10) gonflé.

8. Appareil selon l’une quelconque des revendications
précédentes, caractérisé en ce que l’écran visuel
(35) est sensible aux signaux produits par le moyen
de traitement de signaux (28) pour afficher la surface
transversale calculée de l’élément expansible (10)
gonflé au niveau d’au moins un emplacement de
l’élément expansible gonflé.

9. Appareil selon l’une quelconque des revendications
précédentes, caractérisé en ce que l’on prévoit un
moyen (33) pour déterminer le moment où l’élément
expansible (10) définit l’intérieur du vaisseau (2).

10. Appareil selon la revendication 9, caractérisé en ce
que le moyen (33) pour déterminer le moment où
l’élément. expansible (10) définit la région intérieure
du vaisseau (2) comprend un moyen de détection
de pression (33) pour surveiller la pression du milieu
de gonflage dans l’élément expansible (10).

11. Appareil selon la revendication 10, caractérisé en
ce que le moyen de traitement de signaux (28) est
sensible à un signal provenant du moyen de détec-
tion de pression (33) indicatif d’une augmentation de
pression du milieu de gonflage dans l’élément ex-
pansible (10) lorsque le milieu de gonflage est dis-
tribué dans l’élément expansible (10) pour détermi-
ner le moment où l’élément expansible (10) définit
l’intérieur du vaisseau (2).

12. Appareil selon la revendication 10 ou 11, caractéri-
sé en ce que le moyen de traitement de signaux
(28) est sensible à un signal provenant du moyen de
détection de pression (33) indicatif d’une augmen-
tation de la vitesse de changement de pression du
milieu de gonflage dans l’élément expansible (10)
par unité de milieu de gonflage distribuée à ce der-
nier afin de déterminer le moment où l’élément ex-
pansible (10) définit l’intérieur du vaisseau (2).

13. Appareil selon l’une quelconque des revendications
précédentes, caractérisé en ce que l’élément ex-
pansible (10) est adapté de sorte que la pression
exercée par l’élément expansible (10) sur le vais-
seau (2) adjacent à l’un des emplacements (43, 44)
de section transversale réduite du vaisseau (2) pen-
dant l’expansion de l’élément expansible (10) est in-
suffisante pour dilater le vaisseau (2) adjacent à
l’emplacement (43, 44) de la section transversale

réduite.

14. Appareil selon la revendication 13, caractérisé en
ce que l’élément expansible (10) est formé (81, 82)
afin d’éviter la dilation du vaisseau (2) adjacent à l’un
des emplacements (43, 44) de sa section transver-
sale réduite pendant l’expansion de l’élément expan-
sible (10).

15. Appareil selon la revendication 14, caractérisé en
ce qu’une partie (81) de l’élément expansible (10)
a une section transversale réduite pour s’aligner
avec l’emplacement (43, 44) du vaisseau (2) de sec-
tion transversale réduite.
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用于确定血管（2,3）或其一部分的体积的装置包括球囊导管（5），该
球囊导管（5）具有导管（6）和位于其远端（8）的可膨胀球囊（10），
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个电极，在这两个电极之间确定容器的容积，根据两个感应电极（15）
确定容器（2,3）的全部或部分的容积。这是被选中的。

https://share-analytics.zhihuiya.com/view/17675fb3-00b2-4b23-b3e1-e2c9e9728afd
https://worldwide.espacenet.com/patent/search/family/040451158/publication/EP2227143B1?q=EP2227143B1

