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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

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
introddcing 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.

CONFIRMATION COPY
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BACKGROUND OF THE INVENTION

Visceral pain is among the most common form of pain expe rienced 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. [n 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.

To overcome 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 reactions. 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 equipment 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 mechanisms typically activated during diseases . 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

receptors and central nervous system mechanisms are activated.
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US 4,809,710 describes a catheter for making pressure measurements in a sphincter
canal. The catheter is provided with an inflation tube and water-perfusion tubes. A balloon
or bag is inflatable through the inflation tube. The water-perfusion tubes have side
openings communicating with the sphincter canal. The catheter is capable of providing a
three-dimensional pressure profile in a 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 predetermined 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 simultaneously 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.

US 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 cépable 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

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

- 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.

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 dilation, 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.

A 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.

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

- 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 electromyographic (EMG) recording means, and



10

15

20

25

30

35

WO 03/020124 PCT/DK02/00581

measuring a number of artificially applied stimuli, said stimuli being any of the stimuli:
mechanical 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.

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 perpendicular 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 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 stimuti.

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

- 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 catheter, and

- 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.

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 measuring, said apparatus having a number of strain
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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.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described in detail with reference to the drawing, where

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,
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

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 introduced 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 esophagus.

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. Alternatively, or in addition, the apparatus may be used for measuring a
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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.

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 um and 50 pm. However, 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 polyethylene (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 materials 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
perhaps also resulting in that the material, when inflated, does not show any noticeably
elastic deformation.

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
outpouchings 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 diameters than the esophagus, perhaps necessitating a balloon having up to 80 mm
in diameter when inflated.

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.



10

15

20

25

30

35

WO 03/020124 PCT/DK02/00581

Fig. 2 shows part of the apparatus as the one shown in fig. 1. The part shown is the
balioon 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 measuring 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.

For stimulating the hollow system thermally, the fluid may be heated or cooled to a chosen
temperature before 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.

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.

For stimulating the hollow system electrically, different 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 electrical 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.
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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 n order to pass the electrical

current from the balloon to the wall of the hollow system.

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 HCl 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 diseases in

the bodily system being measured, such as smooth muscies relaxants.

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 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 holiow
system such as esophagus may perform longitudinal movements as a result of the
stimulation subjected to the patient. These longitudinal 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.

Inside the balloon, holes 10 are provided for passing 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 connection with equipment of the apparatus
only being assigned to, but not being attached to the catheter.
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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.

Thus, canals may be provided for passing electrical wires for performing electrical stimuli,
canals may be provided 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.

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

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 generating
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.
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EXAMPLE OF AN APPARATUS

Subjects

Eleven healthy subjects, 7 males and 4 females, mean age 40+10.4 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 medication 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.

Intubation of stimulation device

A probe designed for multimodal stimulation (TensioMed, Homslet, 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. A fter
applying a small amount of local anaesthetic spray (Xylocaine, AstraZenica, 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 pressure 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.

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

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 assessment 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
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encode both non-painful and painful sensations . We therefore decided to use the
scale for both non-painful and painful sensations. The intensitics 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
qualitative 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, stinging, colicky/cramping, fullness/nausea, cold, and others. The
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 5 = 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)7. 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.

Referred pain

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).

Stimulation device and protocol

The stimulation protocol was composed of electrical 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 system (Biopac Systems Inc.,
Santa Barbara, California) including sensors and recording system. Electrocardiogram
was recorded using a multi-lead electrocardiography (ECG) cable record with the
following leads: [, II, III, aVR, aVL and AVF. A pulsoxymeter was connected to one

finger of the right hand, allowing oxygen saturation monitoring along with changes in
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pulse rate. Respiration was monitored using a chest belt, adjusted for in- and

expiration movements.

1. Electrical stimuli: Two flexible silver-chloride stimulation electrodes (2 x 4 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 a2 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
stimulation 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 1ms at 200 Hz.
“Repeated burst” stimuli were defined as five “single burst” stimuli delivered at 2
Hz. These stimulus sequences have previously been 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 0.5mA with an interval of 15s until the pain
detection threshold was found. We used a protocol with pseudo-random sequences
including 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 rating. The sensory and
pain detection thresholds, corresponding 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
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the five repeated stimuli. For the repeated stimuli a stimulus-response function
was made at baseline, where the current intensities corresponding with 1,3,5,6 and
7 on the VAS scale were found.

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 pA at 5 kHz
was delivered to the electrodes from a current generator (Gatehouse Medical A/S,
Narresundby, 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 impedance-measuring system. The
cylindrical bag was 40 mm in length and was made of 35  nm, 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 conducting 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 area (CSA)
of approximately 2000 mm?” (diameter equal to 50 mm) without stretching the wall
of the bag. The infusion channels were connected to an infusion pump (Type 111,
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
difference 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
previously. All data were digitized and stored electronically for later display
and processing on the computer system (Gatehouse Medical A/S, Nerresundby,
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 distensions with a constant infusion rate of 25 ml/min until the subject

reported pain (5 on the VAS). After these stimuli a stimulus-response function
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was made, where the volume, pressure and CSA was recorded at intensities
corresponding with 1,3,5,6 and 7 on the VAS scale.

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
approximately 300 ml/min. A temperatur e probe (PR electronics, Roende,
Denmark) monitored the water temperature 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. Immediately 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 randomly.
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CLAIMS

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. A method according to claim 1, wherein the method is performed anywhere in one of
the following bodily hollow systems: the digestive system including the stomach, the
urogenital tract including the bladder, the cardiovascular system including the heart, the

ear canal including the eustachian canal and the posterior nares.

3. A method according to claim 1 or claim 2, 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 or claim 2, where a mechanical stimulus is introduced by
way of inflating the balloon 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 or claim 2, 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 or claim 2, 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.
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7. A method according to claim 1 or claim 2, 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 or claim 2, 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 any of the preceding claims, 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 any of the preceding claims, where a chemical stimulus is
introduced by way of passing a chemical substance 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. A method according to claim 10, where the chemical substance is introduced into the

hollow system at a position between the proximal end and the balloon of the catheter.

12. A method according to claim 10, where the chemical substance is introduced into the

hollow system at a position between the balloon and the distal end of the catheter.

13. A method according to any of claims 10-12, where the chemical substance is 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.

14. A method according to any of claims 10-12, where the chemical substance is a
pharmaceutical substance intended for diagnostics or treatment of diseases in the bodily

system being stimulated, such as smooth muscles relaxants.

15. A method according to any of the preceding claims, 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
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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 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 electromyographic (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, temperature

gauges, visualizational recording means, means for recording flow of fluid.

18. A method according to claim 16 or claim 17, 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 any of claim 16-18, 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 any of claims 16-19, 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 longitudinal 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.
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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 knowledge of the pressure inside the
balloon.

22. A method according to claim 20, where a3 measurement during mechanicat stimulus is
performed when the balloon is inflated thereby introducing a change in volume of the
batlloon, said volume 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 volume of the

balloon.

23. A method according to claim 20, where a measurement during mechanical stimulus is
performed, when the balloon is inflated thereby introducing a change in cross-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 any of claims 20-23, where a measurement during thermal
stimulus is performed, when the balloon 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 batloon.

25. A method according to any of claims 20-24, where a measurement 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. A method according to claim 25, where the chemical substance is a substance
commonly present in the bodily hollow system being measured, such as an acid like HCl in
the esophagus, or such as bile salts in the gall bladder.
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27. A method according to claim 25, where the chemical substance is a pharmaceutical
substance intended for treatment of diseases in the bodily system being measured, such

as smooth muscles relaxants.

28. A method according to claim 25, where the chemical substance is a substance having
special technical or physical properties such as a contrast fluid intended for co-operation

with an exterior measuring means such as an X-ray apparatus.

29. A method according to any of claims 25-28, where the method is performed for
measuring the passage of the chemical substance past the part of the balloon abutting the
walls of the hollow system, said passage being indicative of the ability of the hollow system
to exercise a restraining influence, alternatively to exercise a passing influence, on liquids
and solids.

30. A method according to any of claims 16-29, where a measurement 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
frequen'cy of time, and where the longitudinal extension of the hollow system is measured
by way of the strain-gauges with knowledge of the frequency 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,
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- introducing a thermal stimulus to the hollow system, between the exteriorly accessibie
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

- 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 fiuid to and from the balloon through the canals.

34. An apparatus for stimulating walls of bodily hollow systems, 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 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 following measuring means: pressure gauges, temperature gauges,

visualizational recording means, means for recording flow of fluid.

36. An apparatus according to claim 34 or claim 35, where the apparatus is intended for
being applied a means for establishing a flow of fluid, and said apparatus 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
pressurised fluid from the balloon back to an outlet at the proximal end through a number
of other canals.

37. An apparatus according to any of claims 34-36, where the apparatus is intended for
being applied a 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.

38. Apparatus according to claim 37, where the outlets are positioned between the
proximal end of the catheter and the balloon.
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39. Apparatus according to claim 37, where the outlets are positioned between the balloon
and the distal end of the catheter.

40. Apparatus according to claim 37, where the outlets are positioned both between the
proximal end of the catheter and the balloon and between the balloon and the distal end of
the catheter.

41. An apparatus according to any of claims 34-40, where the apparatus is intended for
being applied a 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 fiuid, 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 paraliel 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 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 the balloon.

44. An apparatus according to claim 43, said apparatus having a number of measuring
means attached to the bailoon, said measuring means preferably being chosen among
means such as strain gauges, pressure gauges, temperature gauges, piezo-electrical

gauges, electrodes, pH-recording means, and electromyographic (EMG) recording means.
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45, An apparatus according to claim 43 or claim 44, 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 any of claims 43-45, said apparatus having a number of
measuring means assigned to the catheter outside the balloon, said measuring means
preferably being chosen among means such as ultrasonic measuring means, visualizational

recording means, scanning means, means for recording a flow of fluid.

47. An apparatus according to any of claims 43-46, said apparatus having assigned to the
catheter 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.

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.

from

49. Use of an apparatus according to any of claims 34-42 for stimulating a part of the
digestive system including the stomach, preferably stimulating the gastrointestinal tract,
by any of the following stimuli: mechanical stimulus, thermal stimulus, chemical stimulus

and electric stimulus.

50. Use of an apparatus according to any of claims 43-48 for performing measurements in
part of the digestive system including the stomach, preferably performing measurements
in the gastrointestinal tract based on a prior stimulation of any of the following kinds:

mechanical stimulus, thermal stimulus, chemical stimulus and electric stimulus.



10

15

WO 03/020124 PCT/DK02/00581

24

51. Use of an apparatus according to any of claims 34-42 for stimulating a part of the
urogenital system including the urinary bladder by any of the following stimuli: mechanical

stimulus, thermal stimulus, chemical stimulus and electric stimulus.

52. Use of an apparatus according to any of claims 43-48 for performing measurements in
part of the urogenital system including the urinary bladder based on a prior stimulation of
any of the following kinds: mechanical stimulus, thermal stimulus, chemical stimulus and

electric stimulus.

53. Use of an apparatus according to any of claims 34-42 for stimulating part of the
cardiovascular system including the heart by any of the following stimuli: mechanical

stimulus, thermal stimulus, chemical stimulus and electric stimulus.

54. Use of an apparatus according to any of claims 43-48 for performing measurements in
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.
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