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7) ABSTRACT

The invention relates to a method and an apparatus for
stimulating and/or measuring visceral pain in a bodily
hollow system of a human being or an animal. The method
and apparatus is especially well suited for multi-modal
stimulation and measuring, where different stimulus modali-
ties are integrated into one stimulus device. The stimuli may
be any one or more of the stimuli: mechanical stimulus,
thermal stimulus, chemical stimulus and electric stimulus.
The stimuli may activate superficial and deeper layers of the
hollow system. Distinct responses to the individual stimuli
and robust stimulus-response relations are obtained and
result in the possibility of comparative studies of different
visceral sensations.
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METHOD AND APPARATUS FOR STIMULATING
A BODILY HOLLOW SYSTEM AND METHOD
AND APPARATUS FOR MEASURING REACTIONS
TO STIMULI OF SUCH SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
stimulating walls of bodily hollow systems, and also for
measuring sensational or physical reactions towards such
stimulation by introducing from an exteriorly accessible
opening of a bodily hollow system a catheter into the hollow
system, said catheter being provided with an inflatable
balloon situated between a proximal end and a distal end of
the catheter, and inflating the balloon until the balloon abuts
an inner wall of the hollow system in order for the balloon
and the catheter to be fixed in relation to the hollow system.
The method also relates to apparatuses for performing such
stimulation and for performing such measurements.

BACKGROUND OF THE INVENTION

[0002] Visceral pain is among the most common form of
pain experienced in medical practice. Despite its greater
clinical importance, visceral pain is less well understood and
treated than pain from the skin and other somatic tissues.
This is mainly due to the difficulties of characterizing the
pain, typically described in terms of unpleasant and diffuse
sensations with autonomic reactions such as nausea and
sweating. In the clinic fear, anxiety and cognitive reactions
may also blur the observation of pain as part of an illness.
Finally, visceral pain is often part of a multi-organ syndrome
with systemic reactions such as fever and malaise.

[0003] To overrcome such problems, experimental pain
assessment models have been developed to explore pain
mechanisms. Most experimental studies in the gut have been
performed in anesthetized animals, with the nociceptive
response based on neurophysiological or behavioral reac-
tions. As human pain is a multi-modal experience composed
of sensory, psychological and physiological aspects, results
from animal experiments can, however, only partly be
extrapolated to man. Hence, several human models have
been developed to stimulate somatic structures. In such
models the investigator can control the stimulus with respect
to localization, intensity and duration. The response can be
asse ssed quantitatively and qualitatively. However, only
few models for visceral experimental pain stimuli exist,
mainly due to the difficulties for complicated testing equip-
ment to come into contact with the internal organs. The
major limitation of the existing human models is that they
may not mimic clinical pain, as they are based on single,
short-lasting stimuli only partly involving the many mecha-
nisms typically activated during discases. Thus, the needs
for experimental visceral models mimicking more closely
the clinical situation are needed. Such a model should be
based on multi-modal testing regimes where different recep-
tors and central nervous system mechanisms are activated.

[0004] U.S. Pat. No. 4,809,710 describes a catheter for
making pressure measurements in a sphincter canal. The
catheter is provided with an inflation tube and water-perfu-
sion tubes. Aballoon or bag is inflatable through the inflation
tube. The water-perfusion tubes have side openings com-
municating with the sphincter canal. The catheter is capable
of providing a three-dimensional pressure profile in a
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sphincter canal by sensing and measuring canal pressures
simultaneously at a plurality of sensing points located in one
or more straight lines parallel to an axis and at predeter-
mined levels. The apparatus is only capable of sensing and
measuring pressures, and is neither not capable of providing
any kind of stimulation to the sphincter canal. The advantage
of the catheter described in this piece of prior art is that it
provides the possibility of measuring pressures simulta-
neously at different levels, however, the pressure being
provided by the sphincter muscles. Thus, the catheter is only
sensing the pressure along an extension of catheter above the
balloon, and the balloon is only intended for fixing the
catheter in relation to the sphincter canal.

[0005] U.S. Pat. No. 5,513,639 describes another type of
catheter, also comprising an inflatable balloon member
attached to and free of a tubular support member. An array
of elongated piezo-electric elements is arranged inside the
balloon member. Space is provided between the elements
and the balloon for ensuring a space in which the array of
piezo-electric elements can rotate irrespective of the shape
of the balloon member. The balloon member can be inflated
by introducing a liquid therein. The balloon member is
inflated subsequent to the introduction of the catheter into
the esophagus. The array of piezo-electric elements are used
for ultrasonic scanning of in body cavities and is capable of
scanning the pain inflicted on the patient during insertion of
the probe into a body cavity. Thus, it is the introduction of
the probe, which is measured, and not a certain stimulation
being subjected subsequent to the insertion of the probe.
Once the probe is inserted into the body cavity and while the
diagnosis is carried out, the patient does not feel pain, thus
no stimulation is taking place after the insertion of the probe.
Furthermore, only ultrasonic scanning is capable of being
performed by the catheter. Also, the balloon is only intended
for fixing the catheter in relation to the esophagus.

SUMMARY OF THE INVENTION

[0006] The object of the present invention, according to a
first aspect, is to provide a method and an apparatus capable
of applying chosen stimuli to the bodily hollow system. A
further object of the invention, according to second aspect,
is to provide a method and an apparatus for subsequently to
the method of stimulation, or in stead of the method of
stimulating, for measuring any reaction from a patient after
of during any stimulation.

[0007] The object according to the first aspect of the
invention is obtained by a method comprising the steps of:

[0008] introducing from an exteriorly accessible open-
ing of a bodily hollow system a catheter into the hollow
system, said catheter being provided with an inflatable
balloon situated between a proximal end and a distal
end of the catheter,

[0009] inflating the balloon until the balloon abuts an
inner wall of the hollow system in order for the balloon
and the catheter to be fixed in relation to the hollow
system,

[0010] introducing a number of the following stimuli
into the hollow system: mechanical stimulus, thermal
stimulus, chemical stimulus and electric stimulus, and

[0011] said number of stimuli being introduced between
the exteriorly accessible opening of the hollow system
and the distal end of the catheter through canals inside
the catheter.
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[0012] It is important to notice that by the denomination
“balloon” is meant only a bag capable of being inflated. The
inflation need not result in a dilation of the material of the
balloon. Thus, perhaps the balloon is made of a material,
which subsequent to inflation is not subjected to any dila-
tion, but merely has an increased volume due to the inflation.
Accordingly, in the remainder of application, apart from in
the test results in the last part of the specification, the
denomination “balloon” will be used, because this is the
commonly used denomination, although the balloon may be
as a bag, i.e. no dilation of the bag.

[0013] An apparatus for performing the method according
to the first aspect comprises a catheter being provided with
an inflatable balloon situated between a proximal end and a
distal end of the catheter, and the apparatus comprising
means for passing an inflating fluid, preferably a liquid, from
the proximal end to the balloon, and furthermore comprises
means for introducing a number of the following stimuli into
the hollow system: mechanical stimulus, thermal stimulus,
chemical stimulus and electric stimulus, and said means for
introducing said number of stimuli being positioned
between the proximal end and the distal end of the catheter.

[0014] The object according to the second aspect of the
invention is obtained by a method comprising the steps of:

[0015] introducing from an exteriorly accessible open-
ing of a bodily hollow system a catheter into the hollow
system, said catheter being provided with an inflatable
balloon situated between a proximal end and a distal
end of the catheter,

[0016] inflating the balloon until the balloon abuts the
inner wall of the hollow system in order for the balloon
and the catheter to be fixed longitudinally in relation to
the hollow system,

[0017] attaching to the surface of the balloon a number
of the following measuring means: strain gauges, pres-
sure gauges, temperature gauges, piezo-electrical
gauges, electrodes, pH-recording means, and elec-
tromyographic (EMG) recording means, and

[0018] measuring a number of artificially applied
stimuli, said stimuli being any of the stimuli: mechani-
cal stimulus, thermal stimulus, chemical stimulus and
electric stimulus, when a bodily hollow system of the
person or the animal is being subjected to a number of
artificially applied stimuli of the above-mentioned
kind.

[0019] An apparatus for performing the method according
to the second aspect a catheter being provided with an
inflatable balloon situated between a proximal end and a
distal end of the catheter, and the apparatus comprising
means for passing an inflating fluid, preferably a liquid, from
the proximal end to the balloon, and where the apparatus is
provided with means for measuring at least one of the
following physical properties of the balloon: the volume of
the balloon, the cross-sectional area of the balloon seen in a
direction parallel to the a longitudinal extension of the
bodily hollow system, when the apparatus is introduced into
the body, the diameter of the balloon in a plane perpendicu-
lar to a longitudinal extension of the bodily hollow system,
when the apparatus is introduced into the body, the tension
of the balloon, the strain of the balloon, the pressure of a
fluid inside the balloon, and the temperature of a fluid inside
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the balloon, the apparatus intended for measuring a physical
reaction of a person or an animal, when a bodily hollow
system of the person or the animal is being subjected to a
number of artificially applied stimuli.

[0020] A specific method according to the first aspect of
the invention comprises the steps of:

[0021] introducing from an exteriorly accessible open-
ing of a bodily hollow system a catheter into the hollow
system, said catheter being provided with an inflatable
balloon situated between a proximal end and a distal
end of the catheter,

[0022] inflating the balloon by a fluid, preferably a
liquid, until the balloon abuts the an inner wall of the
hollow system in order for the balloon and the catheter
to be fixed longitudinally in relation to the hollow
system,

[0023] introducing a thermal stimulus to the hollow
system, between the exteriorly accessible opening of
the hollow system and the distal end of the catheter, by
means of the fluid being passed through canals inside
the catheter, and

[0024] maintaining a range of temperatures of the fluid
in the balloon by adjusting the temperature of the fluid
and passing the fluid to the balloon through one canal
inside the catheter and passing the fluid from the
balloon through another canal inside the catheter, and
by continuously passing the fluid to and from the
balloon through the canals.

[0025] A specific embodiment of an apparatus according
to the second aspect of the invention comprises a catheter
being provided with an inflatable balloon situated between a
proximal end and a distal end of the catheter, and the
apparatus comprising means for passing an inflating fluid,
preferably a liquid, from the proximal end to the balloon,
and where the apparatus is provided with means for mea-
suring, said apparatus having a number of strain gauges
attached to the part of the catheter not being provided with
the balloon, said strain gauges intended for measuring a
longitudinal extension of the hollow system, and said strain
gauges being applied to the catheter at a position between
the proximal end and the balloon, and said apparatus
intended for measuring a physical reaction of a person or an
animal, when a bodily hollow system of the person or the
animal is being subjected to a number of artificially applied
stimuli, said apparatus.

[0026] The invention further relates to the use of an
apparatus for performing the method according to the first
aspect for stimulating a part of the digestive system includ-
ing the stomach, or for stimulating a part of the urogenital
system including the urinary bladder, or for stimulating part
of the cardiovascular system including the heart by any of
the following stimuli: mechanical stimulus, thermal stimu-
lus, chemical stimulus and electric stimulus.

[0027] In use, the apparatus for performing the method
according to the first aspect may, inside the balloon, be
provided with a number of the following measuring means:
pressure gauges, temperature gauges, visualizational record-
ing means, means for recording flow of fluid.

[0028] In use, the apparatus for performing the method
according to the first aspect may be intended for being
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applied with means for establishing a flow of fluid, and said
apparatus being capable of passing the flowing fluid from an
inlet at a proximal end of the apparatus, being exteriorly
accessible when the apparatus is introduced into the body,
through a number of canals in the apparatus to the balloon,
and said apparatus also being capable of passing the pres-
surised fluid from the balloon back to an outlet at the
proximal end through a number of other canals. The appa-
ratus may be intended for being applied with means for
introducing a chemical substance into the apparatus, and
said apparatus having a number of canals for passing the
chemical substance from the proximal end to a number of
outlets, and the outlets intended for passing the chemical
substance into the bodily hollow system, said outlets being
provided in the vicinity of the balloon. The apparatus may
even further be intended for being applied with means for
passing an electrical current through the apparatus, and said
apparatus having a number canals inside the catheter for
passing electrical wires from the proximal end to positions
on an outer surface of the balloon, and the positions on the
surface of the balloon intended for abutting en inner wall of
the hollow system, when the balloon is inflated. The wires
may be passed from the proximal end to a position of the
catheter between the proximal end and the balloon, where
the wires at said position are passed from the canals inside
the catheter though wire outlets to the exterior of the
catheter, and where the wires are passed from the outlets to
an outer surface of the balloon.

[0029] The invention even further relates to the use of an
apparatus for performing the method according to the sec-
ond aspect for performing measurements in part of the
digestive system including the stomach, or for performing
measurements in a part of the urogenital system including
the urinary bladder, or for performing measurements in a
part of the cardiovascular system including the heart based
on a prior stimulation of any of the following kinds:
mechanical stimulus, thermal stimulus, chemical stimulus
and electric stimulus.

[0030] In use, the apparatus for performing the method
according to the second aspect may have a number of
measuring means attached to the balloon, said measuring
means preferably being chosen among means such as strain
gauges, pressure gauges, temperature gauges, plezo-electri-
cal gauges, electrodes, pH-recording means, and elec-
tromyographic (EMG) recording means. The apparatus may
further have a number of measuring means inserted into the
balloon, said measuring means preferably being chosen
among means slich as pressure gauges, temperature gauges,
ultrasonic measuring means, visualizatlonal recording
means, means for recording flow of fluid. The apparatus may
also have a number of measuring means assigned to the
catheter outside the balloon, said measuring means prefer-
ably being chosen among means such as ultrasonic measur-
ing means, visualizational recording means, scanning
means, means for recording a flow of fluid.

[0031] The invention further relates to the use of an
apparatus for measuring a physical reaction of a person or an
animal, when a bodily hollow system of the person or the
animal is being subjected to a number of artificially applied
stimuli, said apparatus comprising a catheter being provided
with an inflatable balloon situated between a proximal end
and a distal end of the catheter, and the apparatus comprising
means for passing an inflating fluid, preferably a liquid, from
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the proximal end to the balloon, and where the apparatus is
provided with means for measuring, said apparatus having a
number of strain gauges attached to the part of the catheter
not being provided with the balloon, said strain gauges
intended for measuring a longitudinal extension of the
hollow system, and said strain gauges being applied to the
catheter at a position between the proximal end and the
balloon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The invention will now be described in detail with
reference to the drawing, where

[0033] FIG. 1 is a sketch showing an apparatus according
to the invention being introduced into the esophagus of a
patient for physical stimulation and/or measuring properties,

[0034] FIG. 2 is a sketch of the apparatus itself being
provided with a number of means for stimulating and a
number of means for measuring in a bodily hollow system.

DETAILED DESCRIPTION OF THE
INVENTION

[0035] FIG. 1. shows how an apparatus for providing
stimuli and/or for measuring certain properties in a bodily
hollow system may be utilised in the esophagus of a patient.
The apparatus consists of a catheter, alternatively denoted a
probe, having a proximal end 2 and a distal end 3. The distal
end 3 is introduced into a readily accessible opening from
the outside of the esophagus, i.e. the mouth or, as shown, the
nose and further down into the esophagus towards the
stomach. Nearby the distal end 3, the catheter is provided
with a balloon 4, also called a bag, which is inflated so that
an outer surface of the balloon is abutting the inner surface
of the wall of the hollow system, i.e. of the esophagus. The
inflation takes place only after the catheter has been intro-
duced into the esophagus. By inflating the balloon, the
balloon and thus the catheter is fixed in relation to the
esophagus so that the catheter, in the situation shown, cannot
be displaced longitudinally along the length of the esopha-

gus.

[0036] Preferably, but not necessarily, the catheter is fixed
at the proximal end as well, i.e. is fixed to the nose or any
other outer surface or organ. In the situation shown, where
the catheter is introduced through the nose, fixation of the
proximal end may take place in any suitable manner, perhaps
by a clamp being clamped to the wing of the nose, to the
nasal bone or to the bridge of the nose. Once introduced into
the bodily hollow system, the apparatus may be used for
stimulation the hollow system of a person or an animal by
one or more of the stimuli: mechanical stimulus, thermal
stimulus, chemical stimulus and electric stimulus. Alterna-
tively, or in addition, the apparatus may be used for mea-
suring a physical reaction of a person or an animal, when the
bodily hollow system of the person or the animal is being
subjected to a number of artificially applied stimuli of the
above-mentioned type.

[0037] The balloon of the catheter is preferably made from
polyestherurethane being a material readily extendable,
being non-harmful to the human or animal body and having
distinct physical properties such as elasticity, modus of
strain etc. The thickness of the material, which the balloon
is made of, is perhaps between 30 ym and 50 um. However,
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any other well-suited material may be used as long as it
fulfils the need for expandability, non-permeability of the
fluid inflating of the balloon, and security towards not being
harmful to the body. Thus, polypropylene (PP) or polyeth-
ylene (PE) may alternatively be used. Even other materials
may be used referring to the fact that the denomination
“balloon” need not imply that the material, which the
balloon is made of, is dilated, when the balloon, or the bag
which it may also be called, is inflated. Thus, materials
having much less elasticity than the above-mentioned mate-
rials may be used, perhaps materials which, when inflated,
does not show any noticeably elastic deformation. Also the
thickness of the material, which the balloon is made of, may
be thicker than the dimensions mentioned above, thus per-
haps also resulting in that the material, when inflated, does
not show any noticeably elastic deformation.

[0038] The size of the balloon, when inflated, differs
depending on which bodily hollow system the apparatus is
used in and depending on which part of the system in
question, that the apparatus is used in. As example, for use
in the esophagus, the balloon normally has a size when being
inflated of up to 40 mm in diameter seen in a plane
perpendicular to the longitudinal direction of the esophagus.
However, abnormalities of the esophagus such as outpouch-
ings may necessitate a balloon having an increased diameter
when inflated. Also, other hollow systems have either
smaller or larger cross-sectional areas than the esophagus.
Thus, the cardiovascular system have much smaller cross-
sectional areas, whereas the small intestine and even the
large intestine and the rectum normally have larger diam-
eters than the esophagus, perhaps necessitating a balloon
having up to 80 mm in diameter when inflated.

[0039] In the situation shown, the apparatus shown is a
longitudinal catheter being introduced into the esophagus of
a human being. However, the apparatus may be used on
animals as well. Furthermore, the apparatus may be used in
any hollow system of the body of the person or the animal,
non-limiting examples of such being: the digestive system
including the stomach, preferably the gastrointestinal tract,
a part of the urogenital system including the urinary bladder,
or part of the cardiovascular system including the heart.

[0040] FIG. 2 shows part of the apparatus as the one
shown in FIG. 1. The part shown is the balloon 4 and the
part of the catheter 1 nearby the balloon. Different means for
stimulating and for measuring are shown. Firstly, as shown
with arrows, the balloon is inflated by means of a fluid,
preferably a liquid, and more preferred salt water introduced
to the balloon through a canal (see FIG. 3) provided in the
catheter. The fluid is pumped to the balloon from an exterior
reservoir (not shown) such a sterile bag containing the fluid,
the pumping being provided by, as example, a pump with
rollers exerting a pumping action on a hose, and the fluid is
pumped from the reservoir to the proximal end 3 of the
catheter. The pressure of the fluid is monitored, possibly by
a pressure gauge inside the balloon. Alternatively to mea-
suring the pressure, the volume of the fluid being pumped to
the volume may be monitored, either when being pumped to
the balloon or after having been pumped to the balloon. The
inflation of the balloon constitutes a mechanical stimulus of
the hollow system.

[0041] For stimulating the hollow system thermally, the
fluid may be heated or cooled to a chosen temperature before
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being pumped to the balloon. By monitoring the temperature
of the fluid being pumped to the balloon, either before
entering the balloon, or preferably after having entered the
balloon, the thermal stimulus to the wall of the hollow
system is known. For obtaining an even more precise
measurement of the temperature, which the wall of the
hollow system is subjected to, it will also be possible in stead
or additionally, to monitor the temperature of the outer
surface of the balloon, said outer surface being the part of the
catheter being in physical contact with the inner side of the
wall of the hollow system.

[0042] In a preferred embodiment of the apparatus, the
catheter is provided with at least two canals (see FIG. 3) for
establishing a flow of fluid to and a corresponding flow of
fluid from the balloon, By continuously flowing the fluid to
and from the balloon, and by constantly monitoring the
temperature of the fluid, it is assured that the temperature of
the fluid in the balloon is constant and do not change, even
under influence of any heating or cooling effected by the
hollow system, the wall of which the balloon is abutting.

[0043] For stimulating the hollow system electrically, dif-
ferent kinds of electrical stimulation may take place such as
electrodes 5 being attached to the outer surface of the
balloon. In the situation shown in FIG. 1, the ¢lectrical
stimulus may have an amperage of up to 80 mA and a
voltage of between 50 V and 100 V. In the situation shown,
the apparatus is inserted in a hollow system being near the
heart of the patient. Therefore, care must be taken when
applying the electrical current. The electrical current is
passed from an external source (not shown) for generating
the current, through wires inside canals (sse FIG. 3) in the
catheter and to one or more small holes 6 provided just
above the balloon 4. From there, the wires 7 are passed
externally to the outside surface of the balloon, the surface
abutting the wall of the hollow system. In the embodiment
shown, a couple of electrodes 5 are attached to the outer
surface of the balloon in order to pass the electrical current
from the balloon to the wall of the hollow system.

[0044] For stimulating the hollow system chemically, a
number of holes 8 may be provided in the catheter 1. In the
embodiment shown, only one hole 8 is provided. The hole
is provided between the proximal end 2 (see FIG. 1) of the
catheter 1 and the balloon 4. Alternatively, or additionally,
one or more holes may be provided between the balloon 4
and the distal end 3 of the catheter 1. Any kind of chemical
substance, either a chemical substance being foreign to the
hollow system or a chemical substance being familiar to the
hollow system, may be passed trough canals in the catheter
and into the hollow system through the hole leading from the
canal to the hollows system. A familiar chemical substance
may be a substance commonly present in the bodily hollow
system being stimulated, such as an acid like HCI in the
esophagus, or such as bile salts in the small intestine. A
foreign chemical substance may be a pharmaceutical
intended for diagnostics or treatment of discases in the
bodily system being measured, such as smooth muscles
relaxants.

[0045] For performing measurements of a force applied by
the wall of the bodily hollow system strain gauges 9 are
attached to the catheter 1 at a position between the proximal
end 2 (see FIG. 1) and the balloon 4. After the catheter is
inserted into the hollow system, and subsequent to the
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inflation of the balloon, the catheter and the balloon is fixed
longitudinally in relation to the hollow system. At the
proximal end of the catheter, as mentioned with reference to
FIG. 1, the catheter is fixed to the nose, to the cheek or to
any other suitable location at the proximal end of the
catheter. During stimulation, the hollow system such as
esophagus may perform longitudinal movements as a result
of the stimulation subjected to the patient. These longitudi-
nal movements are indicative of the motor function of the
hollow system and result in a corresponding longitudinal
extension or relaxation of the balloon and of the catheter.
The longitudinal extension or relaxation of the catheter may
thus be measured by the strain gauges.

[0046] Inside the balloon, holes 10 are provided for pass-
ing fluid to an from the balloon. The holes 10 may also be
used for passing measuring means such as temperature
gauges and/or pressure gauges to the inside of the balloon
for measuring the temperature and the pressure of the fluid
inside the balloon. Also other measuring means such as
piezo-electrical elements and the such to be used in con-
nection with equipment of the apparatus only being assigned
to, but not being attached to the catheter.

[0047] The catheter is provided with a number of canals
running inside the catheter. Some of the canals are intended
for passing stimulating means or measuring means from the
proximal end of the catheter to a more distant end of the
catheter, either at a position before the balloon, or at a
position inside the balloon or a position after the balloon
toward the distal end of the catheter.

[0048] Thus, canals may be provided for passing electrical
wires for performing electrical stimuli, canals may be pro-
vided for passing a chemical substance for performing
chemical stimuli, and canals may be provided for passing
electrical wires for gauges and other recording means
attached to the balloon, provided inside the balloon, or
attached or provided elsewhere along the extension of the
catheter. It will be possible to use one canal for several
purposes, thus perhaps one canal for passing more or all of
the electrical wires provided in connection with means for
electrical stimuli and means for recording temperature,
pressure or any other physical property in relation to using
the apparatus for measuring.

[0049] In the embodiment shown, preferably especially
two canals are provided, one canal for passing a fluid from
the proximal end of the catheter to the balloon and another
canal for passing the fluid from the balloon to the proximal
end. The one canal lead to one of the holes 10 inside the
balloon, and the other canal lead form the other holes 10
inside the balloon. By providing those two canals it is
possible to continuously pass a fluid to and from the balloon.
Thereby, it is possible to maintain a chosen temperature of
the fluid, substantially independent of any heating or cooling
of the fluid in the balloon from the wall of the hollow
system, which the balloon is abutting. As mentioned, these
two holes 10 may also be used to pass wires for any
measuring measn situated inside the balloon

[0050] With reference to the figures, it is important to
notice that the catheter and the balloon only form part of the
apparatus according to the invention, i.e. the apparatus does
not consist of the catheter and the balloon, but the apparatus
comprises the catheter and the balloon. Other parts of the
apparatus may comprise any exterior equipment for gener-
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ating any of the stimuli and any additional equipment for
recording data, possibly provided by the gauges or other
recording means attached to, connected to or in any other
way assigned to the catheter and the balloon.

EXAMPLE OF AN APPARATUS
[0051]

[0052] Eleven healthy subjects, 7 males and 4 females,
mean age 40x10.4 years were included. None had any
previous or current visceral diseases. Specifically they
denied any chest pain, heartburn, dyspepsia or irritable
bowel syndrome-like symptoms. They received no medica-
tion and had no somatic pain complains. The local Ethics
Committee approved the protocol. The experiment was
carried out at the Gastrointestinal Research Laboratory at
Aalborg Hospital a short distance from the Intensive Care
Unit, where personnel and equipment for rescue operations
were available.

[0053]

[0054] A probe designed for multimodal stimulation (Ten-
sioMed, Hornslet, Denmark) with modifications performed
at the Technical Department at Aalborg University included
a bag for impedance planimetry (IP), temperature stimuli
and electrodes for electrical stimuli. The subjects fasted for
at least four hours before the experiment. After applying a
small amount of local anaesthetic spray (Xylocaine, Astra-
Zenica, Sweden) in the nose, the participants were intubated.
The bag was carefully folded, lubricated and the probe was
inserted through the nostrils. The bag was first inserted into
the stomach and then retracted to identify the location of the
lower esophageal sphincter as a zone of high resting pres-
sure that decreased with swallowing. Then the bag was
placed 8 cm proximal to the sphincter and the probe was
taped to the nose. After intubation the subjects were asked
to lie down with the head tilted by 30 degrees. After 30 min
of rest, the experiment was performed in that position.

[0055]

Subjects

Intubation of Stimulation Device

Sensory Assessment

[0056] The assessment parameters were 1) quantitative
sensation intensity, 2) qualitative sensation and 3) referred
pain size.

[0057] The sensory intensity was assessed cont inuously
using an electronic visual analogue scale (VAS) (Gatehouse
A/S, Aalborg, Denmark). Sensory assessment on a VAS can
be complex, as visceral pain is diffuse and difficult to
characterize. Therefore, the patients were trained in assess-
ment of sensation to deep pressure at the muscles on the
right forearm several times before the visceral stimuli were
given. Although still debated, most sensory afferents in the
gut are probably polymodal and encode both non-painful
and painful sensations. We therefore decided to use the scale
for both non-painful and painful sensations. The intensities
of the non-painful sensations were scored on the VAS up to
5, where the following descriptors were used to characterize
the sensations: 1=vague perception of mild sensation;
2=definite perception of mild sensation; 3=vague perception
of moderate sensation and 4=definite perception of moderate
perception. Five was the discomfort/pain threshold. A quali-
tative scale was added to the non-painful intensity scores, as
the subjects were asked to assign the feeling to one of the
following seven sensations: pressure, burning/warm, sting-
ing, colicky/cramping, fullness/nausea, cold, and others. The
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method and descriptors were chosen according to earlier
studies using bag distension in the gut. For the painful
sensations the patients used the scale from 5-10 anchored at
S=discomfort/slight pain to 10=unbearable pain, with anchor
words selected from the intensity scale in the Danish version
of the McGill Pain Questionnaire (MPQ)”. Accordingly,
when the subject reported that the stimuli resulted in pain
and/or severe discomfort (above 5 on the non-painful scale)
they were asked to score the intensity from 5-10 on the VAS.
The VAS has previously been demonstrated to be useful to
assess painful stimuli to electrical current and distension in
the stomach, small and large intestine. After the experiment
the McGill Pain Questionnaire was used to assess the painful
sensations qualitatively.

[0058] Referred Pain

[0059] After the stimulation the patients were asked about
referred pain and if present, the area was marked with a pen
and transferred to a transparent paper. Later the area was
digitized (ACECAD D900+Digitizer, Taiwan) and the size
calculated (Sigma-Scan, Jandel Scientific, Canada).

[0060] Stimulation Device and Protocol

[0061] The stimulation protocol was composed of electri-
cal stimuli followed by mechanical, cold and warm stimuli.
During all stimuli autonomic reactions were monitored and
the result was displayed on-screen using a Biopac MP100
systern (Biopac Systems inc., Santa Barbara, Calif.) includ-
ing sensors and recording system. Electrocardiogram was
recorded using a multi-lead electrocardiography (ECG)
cable record with the following leads: I, II, III, aVR, aVL
and AVFE. A pulsoxymeter was connected to one finger of the
right hand, allowing oxygen saturation monitoring along
with changes in pulse rate. Respiration was monitored using
a chest belt, adjusted for in- and expiration movements.

[0062] 1. Electrical stimuli: Two flexible silver-chloride
stimulation electrodes (2x4 mm) were glued to the bag
(FIG. 1). The electrodes were connected to a computer-
controlled constant-current stimulator (NoxiTest A/S,
Aalborg, Denmark). The maximum intensity of the
current was limited to 80 mA. Previous systems were
capable of inducing atrial capturing when parts of the
esophagus near the heart were stimulated. Hence, to
increase the distance between the electrodes and the
heart, the electrodes were placed on the dorsal side of
the bag, which was inflated with 10 ml of water
corresponding to a diameter of 15 mm. This inflation
was not felt by any of the subjects. The construction of
the probe made twisting impossible and a mark on the
catheter secured that the electrodes were placed at the
dorsal site. Thus, the bipolar stimuli secured a maximal
electrical field opposite to the heart with a distance of
at least approximately 20 mm from the heart. Two other
safety procedures were included in the protocol: 1) To
give electrical stimuli a special computer should be
activated first (and it was disconnected after the stimu-
lation was completed) and 2) the wires connecting the
patient to the electrical stimulator were removed after
the electrical stimulation. Electrical stimuli were given
as single or repeated bursts. “Single burst” stimuli were
defined as five rectangular constant-current pulses with
duration of 1 Ms at 200 Hz. “Repeated burst” stimuli
were defined as five “single burst” stimuli delivered at
2 Hz. These stimulus sequences have previously been
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shown to be suitable for evoking pain in the esophagus
stomach, duodenum and colon. The stimulus intensity
was blinded for the subjects. The current intensity was
gradually increased in steps of 0.5 mA with an interval
of 15 s until the pain detection threshold was found We
used a protocol with pseudo-random sequences includ-
ing lower intensity stimuli interspersed with the
ascending stimulus intensities. Such series have proven
to be valuable in our previous studies using both
electrical and mechanical stimuli. Thus, intermittent
sham stimuli with either no current or the same current
as in the previous step were given to secure that the
subject did not automatically increase the sensory rat-
ing. The sensory and pain detection thresholds, corre-
sponding to 1 and 5 on the VAS, were found for the
single and repeated stimuli. The subject rated the most
intense of the train of the five repeated stimuli. For the
repealed stimuli a stimulus-response function was
made at baseline, where the current intensities corre-
sponding with 1,3,5,6 and 7 on the VAS scale were
found.

[0063] 2. Mechanical stimuli: The bag contained a
four-electrode impedance planimetry system as
described previously. The electrodes were located
inside a cylindrical bag on a 70-cm long probe with a
diameter of 4.5 mm (FIG. 1). Two outer ring electrodes
for excitation were placed on the probe with an inter-
electrode distance of 38 mm. A constant alternating
current of 100 uA at 5 kHz was delivered to the
electrodes from a current generator (Gatehouse Medi-
cal A/S, Ngrresundby, Denmark). Two ring electrodes
for detection of potential differences were placed 2 mm
apart and midway between the excitation electrodes.
The detection electrodes were connected to an imped-
ance-measuring system. The cylindrical bag was 40
mm in length and was made of 35 um, non-conducting
polyurethane. It completely enclosed the electrodes and
a side-hole used for measurement of pressure within the
bag. The bag could be inflated with electrically con-
ducting fluid (0.09% saline) through a pair of infusion
channels each with a diameter of 2 mm. It could be
inflated to a cross-sectional arca (CSA) of approxi-
mately 2000 mm* (diameter equal to 50 mm) without
stretching the wall of the bag. The infusion channels
were connected to an infusion pump (Type III, Ole
Dich instrument Makers Aps, Hvidovre, Denmark),
that was able to fill or empty the bag continuously at
varying flow rates. A safety valve was connected with
the pump allowing the subjects to stop the infusion at
any time. The system was calibrated before the probe
was inserted in the esophagus. The CSA of the bag was
measured from the impedance of the fluid inside the
bag. Hence, when a current is induced in a uniform
cylinder by two excitation electrodes, the voltage dif-
ference between the detection electrodes is related to
the impedance of the fluid and thus the CSA of the bag.
Details of the calculations have been described previ-
ously. All data were digitized and stored electronically
for later display and processing on the computer system
(Gatehouse Medical A/S, Ngrresundby, Denmark). A
few test stimuli were done for preconditioning the
tissue and to teach the subjects to score the sensation
intensity. These were followed by three baseline dis-
tensions with a constant infusion rate of 25 ml/min until
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the subject reported pain (5 on the VAS). After these
stimuli a stimulus-response function was made, where
the volume, pressure and CSA was recorded at inten-
sities corresponding with 1,3,5,6 and 7 on the VAS
scale.

[0064] 3. Temperature stimuli: Recirculating water was
infused into the same bag as used for the mechanical
stimuli (FIG. 1). The infusion channels in the catheter
were attached to a manual pump system where 50 ml of
water was infused into one channel and simultaneously
sucked out in the other channel with a speed of approxi-
mately 300 ml/min. A temperature probe (PR electron-
ics, Roende, Denmark) monitored the water tempera-
ture inside the bag. The time elapsing from one
temperature level to the next was 60 sec. First, the
system was filled with 10 ml of water with the desired
temperature. In the range of 25-40° C., this could not be
felt by any of the subjects, excluding the possibility for
the distension to contribute to the sensation. Immedi-
ately after filling of the bag, 50 ml of water with the
desired temperature was re-circulated without changing
the volume or pressure in the bag. In pilot experiments
it was found that during perfusion of the esophagus,
temperatures inside the bag of approximately 5, 10, 15,
20, 25, 30, 35, 40, 45 and 50° C. corresponded with
water temperatures of 0, 5, 10, 16, 22, 30, 35, 44, 52
and 60° C. in the pump system. Similar to the electrical
stimuli, we used a pseudo-random, blinded sequence
with lower intensity stimuli interspersed with the
ascending stimulus intensities. In each series the
stimuli were given with expected intrabag temperatures
of 10, 5, 15, 20, 30, 35, 40, 25 (sham) 45 and 50° C,,
with 2-3 additional sham stimuli having the same
temperature as the previous stimulus interposed ran-
domly.

1. A method for stimulating walls of bodily hollow
systems, said method comprising

introducing from an exteriorly accessible opening of a
bodily hollow system a catheter into the hollow system,
said catheter being provided with an inflatable balloon
situated between a proximal end and a distal end of the
catheter,

inflating the balloon until the balloon abuts an inner wall
of the hollow system in order for the balloon and the
catheter to be fixed in relation to the hollow system,

introducing a number of the following stimuli into the
hollow system: mechanical stimulus, thermal stimulus,
chemical stimulus and electric stimulus, and

said number of stimuli being introduced between the
exteriorly accessible opening of the hollow system and
the distal end of the catheter through canals inside the
catheter.

2. (Cancelled)

3. A method according to claim 1, where a mechanical
stimulus is introduced by way of inflating the balloon
thereby introducing a change in pressure inside the balloon,
said pressure being indicative of the circumferential tension
applied by the balloon to the internal surface of the wall of
the hollow system.

4. A method according to claim 1, where a mechanical
stimulus is introduced by way of inflating the balloon
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thereby inducing a change of volume of the balloon, said
volume being indicative of the circumferential strain applied
by the balloon to the internal surface of the wall of the
hollow system.

5. A method according to claim 1, where a mechanical
stimulus is introduced by way of inflating the balloon
thereby inducing a change of a diameter of the balloon, said
diameter being indicative of the circumferential strain
applied by the balloon to the internal surface of the wall of
the hollow system.

6. A method according to claim 1, where a mechanical
stimulus is introduced by way of inflating the balloon
thereby introducing a change in cross-sectional area of the
balloon, said area being indicative of the circumferential
strain applied by the balloon to the internal surface of the
wall of the hollow system.

7. A method according to claim 1, where a mechanical
stimulus is introduced by way of inflating the balloon
thereby introducing a change in tension of balloon, said
tension being indicative of the circumferential tension
applied by the balloon to the internal surface of the wall of
the hollow system.

8. A method according to claim 1, where a mechanical
stimulus is introduced by way of inflating the balloon
thereby introducing a change of strain of the balloon, said
inflation inducing a circumferential strain applied by the
balloon to the internal surface of the wall of the hollow
system.

9. A method according to claim 1, where a thermal
stimulus is introduced by way of a fluid having a chosen
temperature introduced into the balloon, said fluid passing to
the balloon through at least one canal of the catheter and
passing from the balloon through at least one other canal of
the catheter, and said fluid passing continuously to and from
the balloon.

10. A method according to claim 1, where a chemical
stimulus is introduced by way of passing a chemical sub-
stance through a number of the canals inside the catheter to
a number of openings in outer side-walls of the catheter, said
side-wall openings opening out into the hollow system.

11-12. (Cancelled)

13. A method according to claim 10, where the chemical
substance is a substance commonly present in the bodily
hollow system being stimulated, such as an acid like HCl in
the esophagus, or such as bile salts in the small intestine.

14. A method according to claim 10, where the chemical
substance is a pharmaceutical substance intended for diag-
nostics or treatment of diseases in the bodily system being
stimulated, such as smooth muscles relaxants.

15. A method according to claim 1, where an electrical
stimulus is introduced by applying an electrical current to
the inner surface of the wall of the hollow system by way of
passing electrical wires through a number of the canals
inside the catheter, and passing the wires from the inside of
the catheter through openings in the side wall of the catheter
to the outside of the catheter, and passing the wires further
on to an outer surface of the balloon, said outer surface being
a surface abutting the inner surface of the wall of the hollow
system, when the balloon is inflated.

16. A method for measuring a physical reaction of a
person or an animal, when a bodily hollow system of the
person or the animal is being subjected to a number of
artificially applied stimuli, said stimuli being any of the
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stimuli: mechanical stimulus, thermal stimulus, chemical
stimulus and electric stimulus, and said measuring taking
place by

introducing from an exteriorly accessible opening of a
bodily hollow system a catheter into the hollow system,
said catheter being provided with an inflatable balloon
situated between a proximal end and a distal end of the
catheter,

inflating the balloon until the balloon abuts the inner wall
of the hollow system in order for the balloon and the
catheter to be fixed longitudinally in relation to the
hollow system,

attaching to the surface of the balloon a number of the
following measuring means: strain gauges, pressure
gauges, temperature gauges, piezo-electrical gauges,
electrodes, pH-recording means, and electromyo-
graphic (EMG) recording means.

17. A method according to claim 16, said measuring
taking place by also introducing into the balloon a number
of the following measuring means: pressure gauges, tem-
perature gauges, visualizational recording means, means for
recording flow of fluid.

18. A method according to claim 16, said measuring
taking place by also applying outside the balloon a number
of following measuring means: ultrasonic measuring means,
visualizational recording means, scanning means, means for
recording flow of fluid.

19. A method according to claim 16, said measuring
taking place by assigning, subsequent to the introduction of
the catheter and during, possibly also subsequent to, the
inflation of the balloon a number of the following measuring
means for measuring the sensation felt by the patient of any
of the stimuli being subjected: automatically operated
scales, manually operated scales and personal written or
orally expressions.

20. A method according to claim 16, said measuring
taking place by also attaching to the part of the catheter not
being provided with the balloon a number of strain-gauges
for measuring a longitudinal extension of the catheter, said
extension being indicative of a force applied along a longi-
tudinal direction of the hollow system by the hollow system
to the catheter, and said strain gauges being applied to the
catheter at a position between the proximal end and the
balloon.

21. A method according to claim 20, where a mechanical
measurement is performed when the balloon is inflated
thereby introducing a change in pressure of the balloon, said
pressure being indicative of the circumferential tension
applied by the balloon to the internal wall of the hollow
system, and where the longitudinal extension of the hollow
system is measured by way of the strain-gauges with knowl-
edge of the pressure inside the balloon.

22. A method according to claim 20, where a measure-
ment during mechanical stimulus is performed when the
balloon is inflated thereby introducing a change in volume of
the balloon, said volume being indicative of the circumfer-
ential tension applied by the balloon to the wall of the
hollow system, and where the longitudinal extension of the
hollow system is measured by way of the strain-gauges with
knowledge of the volume of the balloon.

23. A method according to claim 20, where a measure-
ment during mechanical stimulus is performed, when the
balloon is inflated thereby introducing a change in cross-
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sectional area of the balloon, said area being indicative of
the circumferential tension applied by the balloon to the wall
of the hollow system, and where the longitudinal extension
of the hollow system is measured by way of the strain-
gauges with knowledge of the cross-sectional area of the
balloon.

24. A method according to claim 20, where a measure-
ment during thermal stimulus is performed, when the bal-
loon is inflated with a fluid, preferably a liquid, said liquid
introducing a change in temperature of the balloon and thus
of a surface of the balloon abutting the inner surface of the
wall of the hollow system, and where the longitudinal
extension of the hollow system is measured by way of the
strain-gauges with knowledge of the temperature of the fluid
inside the balloon.

25. A method according to claim 20, where a measure-
ment during chemical stimulus is performed, when passing
of a chemical substance through a number of the canals
inside the catheter to a number of openings in side-walls of
the catheter and out into the hollow system, and where the
longitudinal extension of the hollow system is measured by
way of the strain-gauges with knowledge of the composition
of the chemical substance.

26-29. (Cancelled)

30. A method according to claim 16, where a measure-
ment during an electrical stimulus is performed, when
passing an electrical current through a number of wires in a
number of the canals inside the catheter, and when passing
the electrical current to an outer surface of the balloon, said
outer surface being a surface abutting the inner wall of the
hollow system, when the balloon is inflated, and where the
longitudinal extension of the hollow system is measured by
way of the strain-gauges with knowledge of the magnitude
of the electrical current applied.

31. A method according to claim 30, where the electrical
current is applied during a certain interval of time, and
where the longitudinal extension of the hollow system is
measured by way of the strain-gauges with knowledge of the
magnitude of the time interval, when the electrical current is
applied.

32. A method according to claim 30, where the electrical
current is applied at a certain frequency of time, and where
the longitudinal extension of the hollow system is measured
by way of the strain-gauges with knowledge of the fre-
quency of time, at which the electrical current is applied.

33. A method for stimulating walls of bodily hollow
systems, said method comprising

introducing from an exteriorly accessible opening of a
bodily hollow system a catheter into the hollow system,
said catheter being provided with an inflatable balloon
situated between a proximal end and a distal end of the
catheter,

inflating the balloon by a fluid, preferably a liquid, until
the balloon abuts the an inner wall of the hollow system
in order for the balloon and the catheter to be fixed
longitudinally in relation to the hollow system,

introducing a thermal stimulus to the hollow system,
between the exteriorly accessible opening of the hollow
system and the distal end of the catheter, by means of
the fluid being passed through canals inside the cath-
cter, and

maintaining a range of temperatures of the fluid in the
balloon by adjusting the temperature of the fluid and
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passing the fluid to the balloon through one canal inside
the catheter and passing the fluid from the balloon
through another canal inside the catheter, and by con-
tinuously passing the fluid to and from the balloon
through the canals.

34. An apparatus for stimulating walls of bodily hollow
systems, said apparatus comprising a catheter being pro-
vided with an inflatable balloon situated between a proximal
end and a distal end of the catheter, and the apparatus
comprising means for passing an inflating fluid, preferably
a liquid, from the proximal end to the balloon, and the
apparatus furthermore comprising means for introducing a
number of the following stimuli into the hollow system:
mechanical stimulus, thermal stimulus, chemical stimulus
and electric stimulus, and said means for introducing said
number of stimuli being positioned between the proximal
end and the distal end of the catheter.

35. An apparatus according to claim 34, said apparatus
having provided inside the balloon a number of the follow-
ing measuring means: pressure gauges, temperature gauges,
visualizational recording means, means for recording flow
of fluid.

36. An apparatus according to claim 34, where the appa-
ratus is intended for being applied with means for establish-
ing a flow of fluid, and said apparatus capable of passing the
flowing fluid from an inlet at a proximal end of the appa-
ratus, being exteriorly accessible when the apparatus is
introduced into the body, through a number of canals in the
apparatus to the balloon, and said apparatus also being
capable of passing the pressurised fluid from the balloon
back to an outlet at the proximal end through a number of
other canals.

37. An apparatus according to claim 34, where the appa-
ratus is intended for being applied with means for introduc-
ing a chemical substance into the apparatus, and said appa-
ratus having a number of canals for passing the chemical
substance from the proximal end to a number of outlets, and
the outlets intended for passing the chemical substance into
the bodily hollow system, said outlets being provided in the
vicinity of the balloon.

38-40. (Cancelled)

41. An apparatus according to claim 34, where the appa-
ratus is intended for being applied with means for passing an
electrical current through the apparatus, and said apparatus
having a number canals inside the catheter for passing
electrical wires from the proximal end to positions on an
outer surface of the balloon, and the positions on the surface
of the balloon intended for abutting en inner wall of the
hollow system, when the balloon is inflated.

42. An apparatus according to claim 41, where the wires
are passed from the proximal end to a position of the catheter
between the proximal end and the balloon, where the wires
at said position are passed from the canals inside the catheter
though wire outlets to the exterior of the catheter, and where
the wires are passed from the outlets to an outer surface of
the balloon.

43. An apparatus for measuring a physical reaction of a
person or an animal, when a bodily hollow system of the
person or the animal is being subjected to a number of
artificially applied stimuli, said apparatus comprising a
catheter being provided with an inflatable balloon situated
between a proximal end and a distal end of the catheter, and
the apparatus comprising means for passing an inflating
fluid, preferably a liquid, from the proximal end to the
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balloon, and where the apparatus is provided with means for
measuring at least one of the following physical properties
of the balloon: the volume of the balloon, the cross-sectional
area of the balloon seen in a direction parallel to the a
longitudinal extension of the bodily hollow system, when
the apparatus is introduced into the body, the diameter of the
balloon in a plane perpendicular to a longitudinal extension
of the bodily hollow system, when the apparatus is intro-
duced into the body, the tension of the balloon, the strain of
the balloon, the pressure of a fluid inside the balloon, and the
temperature of a fluid inside the balloon.

44. An apparatus according to claim 43, said apparatus
having a number of measuring means attached to the bal-
loon, said measuring means preferably being chosen among
means such as strain gauges, pressure gauges, temperature
gauges, piezo-¢lectrical gauges, electrodes, pH-recording
means, and electromyographic (EMG) recording means.

45. An apparatus according to claim 43, said apparatus
having a number of measuring means inserted into the
balloon, said measuring means preferably being chosen
among means such as pressure gauges, temperature gauges,
ultrasonic measuring means, visualizational recording
means, means for recording flow of fluid.

46. An apparatus according to claim 43, said apparatus
having a number of measuring means assigned to the
catheter outside the balloon, said measuring means prefer-
ably being chosen among means such as ultrasonic measur-
ing means, visualizational recording means, scanning
means, means for recording a flow of fluid.

47. (Cancelled)

48. An apparatus for measuring a physical reaction of a
person or an animal, when a bodily hollow system of the
person or the animal is being subjected to a number of
artificially applied stimuli, said apparatus comprising a
catheter being provided with an inflatable balloon situated
between a proximal end and a distal end of the catheter, and
the apparatus comprising means for passing an inflating
fluid, preferably a liquid, from the proximal end to the
balloon, and where the apparatus is provided with means for
measuring, said apparatus having having a number of strain
gauges attached to the part of the catheter not being provided
with the balloon, said strain gauges intended for measuring
a longitudinal extension of the hollow system, and said
strain gauges being applied to the catheter at a position
between the proximal end and the balloon.

49. Use of an apparatus according to claim 34 for stimu-
lating a part of the digestive system including the stomach,
or for stimulating a part of the urogenital system including
the urinary bladder, or for stimulating part of the cardiovas-
cular system including the heart by any of the following
stimuli: mechanical stimulus, thermal stimulus, chemical
stimulus and electric stimulus.

50. Use of an apparatus according to claim 43 for per-
forming measurements in part of the digestive system
including the stomach, or for performing measurements in a
part of the urogenital system including the urinary bladder,
or for performing measurements in a part of the cardiovas-
cular system including the heart based on a prior stimulation
of any of the following kinds: mechanical stimulus, thermal
stimulus, chemical stimulus and electric stimulus.

51-54. (Cancelled).
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