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(57) Abstract: An indwelling drainage appliance having an in-
dwelling portion insertable into a natural or artificial body
opening for drainage therethrough, an inflatable balloon cuff
at the indwelling portion for engaging internal body tissue in
use, and a sensor for directly or indirectly sensing the inflation
status of the balloon. The sensor may generate an electronic
signal fed from the sensor by one or more wires, or a wireless
signal, or an optical signal fed by an optical fiber. A process-
ing circuit is contigured to process the signal generated by the
sensor, in order to derive fill status information therefrom. The
appliance may be an intestinal appliance for insertion through
the abdominal wall into the intestine at the cecal valve, or it
may be a rectal or urinary tract waste management appliance.
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INDWELLING DRAINAGE APPLIANCE FOR BODY WASTE

Field of the Invention

The present invention relates to an indwelling drainage appliance for
body waste, having a distal portion for insertion into a natural or artificial body
orifice. The invention is especially directed to such an appliance having an
inflatable balloon for engaging internal body tissue. The invention is
especially, but not exclusively, useful for an appliance in the form of a
drainage catheter.

Background to the Invention

Indwelling drainage appliances are typically used to drainage fecal or
urine waste from the body. The distal portion of the appliance is inserted
through a natural body orifice, such as the rectum or urethra, or it may be
inserted through an artificial opening, such as a stoma or incision. The
inflatable balloon performs one or both of: (i) anchoring the distal portion by
engaging internal body tissue; and (ii) providing a seal against the internal
tissue to prevent leakage of body waste past the balloon, thereby ensuring
that the body waste is properly diverted to drain through the appliance.

By way of example, WO 2009/131992A describes an indwelling
transcecal drainage catheter having distinct retention and sealing balloons.
WO 2009/135141A describes an indwelling rectal catheter having a single
balloon that performs both sealing and retention functions, and a pressure
state indicator therefor.

The effectiveness in draining waste from the body is dependent on
correct inflation of the balloon. The degree of inflation determines the
balloon’s ability to retain the appliance properly seated in situ, and/or provide
a seal against the internal tissue. Occasionally, the balloon may deflate
prematurely or be under inflated and the appliance becomes dislodged from
or misfit in its position, resulting in ineffective waste management. There are
several reasons for premature deflation: loss of fluid due to leaks; relaxation
of the locations anatomy; and permeation of fluid through the material of the
balloon wall. Shifting of placement within the body or changes in available

space due to physological actions can result in under or over inflation as more
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or less space can become available In addition, there is a need to avoid
sustained application of high pressure on the anatomy surrounding the
inflated balloon, because such pressure may cause damage to local tissues.

A further characteristic of such drainage catheters is that they remain in
situ in the body for extended durations. For example, the transcecal catheter
referred to above remains in situ for up to 42 days. The transcecal catheter
would require a surgical operation to replace or reposition. The rectal
catheter referred to above remains in situ for up to 29 days. This makes the
drainage appliances very different in nature from temporary stoppers used to
treat the symptoms of incontinence, and that block passage of body waste
and are manually removable whenever the wearer needs to discharge body
waste. The requirement that a drainage appliance needs to be able to stay in
situ for an extended duration greatly exacerbates the importance of correct
inflation of the balloon. Solutions for temporary incontinence stoppers cannot
be used for drainage appliances.

The present invention has been devised bearing the above issues in

mind.

Summary of the Invention

Broadly speaking, one aspect of the invention provides an indwelling
drainage appliance having an indwelling portion insertable into a natural or
artificial body opening for drainage therethrough, an inflatable balloon at the
indwelling portion for engaging internal body tissue in use, and a sensor for
directly or indirectly sensing the inflation status of the balloon.

The sensor may generate an electronic signal fed from the sensor by
one or more wires, or a wireless signal, or an optical signal fed by an optical
fiber. A processing circuit is configured to process the signal generated by
the sensor, in order to derive fill status information therefrom.

The provision of a fill status sensor provides important information that
can be processed to enable the appliance to be maintained in an optimum
inflation state compatible with the body, and the desired drainage operation,
and also enable the fill status to be adapted to dynamic changes in local

anatomy.
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The fill status of a balloon can be determined by measuring the
pressure within the balloon. The sensor may be a pressure sensing
transducer. This pressure is a result of the combination of the pressure (if
any) required to stretch the balloon and the pressure of the surrounding tissue
on the balloon. During the development of the invention, the inventors
discovered that transient pressures are placed on the balloon during use, due
to changes in local anatomy (e.g. contractions of the bowel, shifting of weight,
stress, relaxation, etc). By monitoring the inflation pressure by means of a
pressure transducer, the appliance can be correctly seated, operated and
maintained in position, with less risk of complication should the balloon
become underinflated or overinflated for whatever reason. This can
significantly enhance the efficacy of an indwelling drainage appliance, and
reduce the burden on attending caregivers.

The invention is especially advantageous when used for an intestinal
drainage appliance that is inserted through an artificial incision in the
abdominal wall, and through an artificial incision in the intestinal wall, into the
intestine near or at the cecal-valve. Once positioned, the indwelling portion of
the appliance is not easily visible or accessible for caregivers. A surgical
operation may be required to replace or reposition the appliance. The
invention enables the inflation state of the otherwise hidden indwelling balloon
to be observed and monitored to ensure that the appliance can be maintained
and operated correctly seated throughout its extended use, despite the
indwelling portion being inaccessible for caregivers.

Although features believed to be of importance are highlighted herein
and in the appended claims, protection may be sought for any novel feature or
idea described herein and/or illustrated in the drawings whether or not
emphasis has been placed thereon.

Brief Description of the Drawing:

Fig. 1 is a schematic block diagram illustrating an embodiment of the
invention.

Fig. 2 is a schematic flow diagram showing an example algorithm used
by the processing unit in Fig. 1; and
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Fig. 3 is a schematic diagram illustrating a metric for establishing

allowable limit ranges for sensed pressure.

Detailed Description of the Preferred Embodiment:

Fig. 1 illustrates generally a drainage appliance 10 having an indwelling
portion 12 insertable into the body. The term “indwelling” means indwelling in
use when inserted into the body. The appliance 10 is illustrated in the form of
a catheter tube 14, although the appliance 10 may have any suitable form
including a tube. The indwelling portion 12 may be configured for insertion
through a natural body orifice, for example the anus or urethra, or it may be
configured for insertion through an artificial body orifice, for example a stoma
or surgical opening. In one form, the appliance may be an intestinal drainage
appliance, and the indwelling portion may be configured to be inserted, in use,
through an artificial incision in the abdominal wall and through an artificial
incision in the intestinal wall, so as to drain body waste from within the
intestine. The indwelling portion 12 is typically at, or includes, a distal portion
of the appliance. A proximal portion 16 of the appliance 10 is coupled, or
coupleable via a separable coupling 18, to an effluent collection device 20,
here illustrated as a pouch.

The indwelling portion 12 is provided with at least one inflatable cuff or
balloon 22, for engaging internal body tissue when the distal portion 12 is in
situ in the body. The balloon 22 extends peripherally (e.g. circumferentially)
around an outer surface of the catheter tube 14 at the indwelling portion 12,
and is such that the balloon 22, when inflated, defines an outward projection
with respect to the surface of the tube 14. The balloon 22 may function as a
retention balloon to retain the indwelling portion 12 in a predetermined
position in the body; or, the balloon 22 may function to seal between the
indwelling portion 12 and the internal body tissue, to prevent effluent passing
the seal, and ensure correct diversion of effluent into the drainage appliance
10; or the balloon 22 may perform both. In one form, the appliance includes a
single balloon 22, for example, as in a rectal catheter embodiment (further
constructional details of which may be found in the aforementioned WO
2009/135141A the contents of which are incorporated herein by reference).
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The single balloon 22 can perform both seal and retention functions. In an
alternative form, the appliance includes first and second balloons (not shown
specifically), for example, as in a cecal-valve (e.g., transcecal) catheter
embodiment (further constructional details of which may be found in the
aforementioned WO 2009/131992A, the contents of which are incorporated
herein by reference).

The balloon 22 is inflatable by means of an inflation conduit 24, one
portion of which communicates with the balloon 22, and another portion of
which communicates with a connector 25 coupled or coupleable to an inflation
fluid supply. The balloon 22 may be made of any suitable material. One
example is a balloon 22 made of substantially non-stretching material, for
example polyurethane in which case the balloon is preformed 100% or greater
of it's fully-inflated volume. Alternatively, the balloon 22 may be made of
elastic material. Elastic material may also be preformed in fully inflated
shape, or in at least a nearly a fully inflated shape but may stretch slightly to
accommodate inflation or anatomical variation. Alternatively, the elastic
material may be molded in a substantially non-inflated form, and be required
to stretch elastically to an inflated form. A suitable elastic material is silicone
rubber.

The connector 25 (or another part of the appliance 10) may optionally
include an identification and/or usage circuit 40 that uniquely identifies the
appliance 10, or stores information about usage. This is useful for monitoring
the use-time of the appliance 10, to ensure that the appliance does not remain
in use for longer than is recommended for the appliance.

A feature of a drainage appliance 10 is that it is configured to remain in
situ in the body for extended periods. For example, a rectal catheter is
configured to remain in situ for up to 29 days, and an intestinal catheter is
configured to remain in situ for up to 56 days. The drainage appliance 10 is
not intended to be removed to discharge effluent. Instead, while the
appliance 10 is in situ, effluent is diverted to enter an aperture or mouth 26 at
the distal portion 12, and the drain out of the body through a discharge
channel 28 within the tube 14. In the present embodiment, the mouth 26 and
the channel 14 are configured to be permanently open and/or non-obstructed,
to allow substantially unobstructed drainage of effluent from the body. This is
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a further feature of the appliance 10 that can avoid accumulation of pressure
within internal body organs.

The appliance 10 is provided with at least one pressure-sensitive
transducer 30 for directly or indirectly measuring the pressure of inflation fluid
in the balloon 22. The provision of a pressure transducer 30 provides
important information that can be processed to enable the appliance 10 to be
maintained in an optimum inflation state compatible with the body, and the
desired operation, and also enable the inflation pressure to be adapted to
dynamic changes in local anatomy. During the development of the invention,
the inventors discovered that transient pressures are placed on the balloon 22
during use, due to changes in local anatomy (e.g. contractions of the bowel,
shifting of weight, stress, relaxation, etc). By monitoring the inflation pressure
by means of the pressure transducer 30, the appliance 10 can be correctly
seated, operated and maintained in position, with less risk of complication
should the balloon 22 become underinflated or overinflated for whatever
reason. Where plural balloons or cuffs are employed, plural transducers may
optionally be used to enable independent monitoring of the balloons/cuffs. In
one form, a respective transducer is provided for each balloon. In another
embodiment, plural transducers are used, but the number of transducers is
less than the number of balloons (for example, only the pressure-critical
balloons are monitored).

The transducer 30 is of a type that generates an electrical output
signal, or a wireless signal, or an optical signal via an optical fiber. Specific
examples include a piezo-electric transducer, or a capacitive transducer. In
the case of an electrical or optical output signal, the signal is fed from the
transducer by one or more wires or fibers (36). The wires or fiber may also
serve to supply power to the transducer 30. The fiber or wires may couple
through the connector 25, or by another connector distinct from the connector
25.

In one form, the transducer 30 is positioned at, or in, the balloon 22 to
directly measure the inflation pressure of the balloon 22. In an alternative
form, the transducer 30 is remote, or spaced, from the balloon 22 and in fluid
communication with the balloon 22 via a fluid communication channel. This

may enable the transducer to be positioned outside the body, instead of the
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transducer being indwelling. The fluid communication channel may be the
inflation conduit 24, or it may be a separate pressure-sensing conduit (shown
in phantom at 32) distinct from the inflation conduit 24, or a combination of
portions of both. A separate sense conduit 32 has the advantage that the
pressure measured is generally independent of any pressure differential along
the inflation conduit whenever there is substantial flow of inflation fluid in the
inflation conduit 24 during inflation or deflation of the balloon 22. Such
pressure differential results from pressure drop of fluid flowing in a channel.
The pressure as measured in the inflation conduit 24 is only accurately
representative of the inflation pressure in the balloon 22 when quiescent. Of
course, inclusion of a distinct sense conduit 32 may add to the cost of the
tube 14, and to the manufacturing cost of the appliance 10. Depending on the
application, it may be more cost effective to include the transducer 30 coupled
to the inflation conduit 24. The output signal may be processed so as to
remove effects caused by pressure differential in the inflation conduit 24
during inflation or deflation.

By way of example only, a spaced transducer 30 may be provided at
any of the following positions:
(A) intermediate the balloon 22 and the connector 25;
(B) at the connector 25. The connector 25 may serve as a protective
housing for the transducer 30, and avoid additional flying tubes or cables
coupled to the transducer 30. If the connector 25 is additionally separable
from the remainder of the appliance 10, this may permit replacement of, for
example, a transducer in case of malfunction. It may also permit the same
transducer to be used multiple times with different appliances;
(C) on aflying portion of the sense conduit 32. The transducer 30 may be
permanently attached to the sense conduit 32, or it may be separable
therefrom;
(D) in a control console 34 , if provided and if the pressure measured at the
console is representative of the inflation pressure of the balloon 22. This
further discussed below.

An electronic processing circuit 38 receives the pressure signal
generated by the transducer 30. The electronic processing circuit 38 may be
part of the appliance 10, or it may be part of auxiliary equipment to which the
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appliance 10 is coupled in use. In one form described below, the electronic
processing circuit 38 is comprised in an auxiliary control console 34 to which
the appliance 10 is coupled.

Depending on the application, the processing circuit 38 may perform
one of more of the following functions:
(i) to process or clean the signal to generate a stable value therefrom.
The processing may include exclusion of pressure differential effects as
explained above, or merely suspending pressure indication during periods of
active inflation or deflation of the balloon 22 via the inflation conduit 24.
Occurrences of inflation or deflation may be known within the processing
circuit 38, or may be detected automatically by a flow sensor (not shown) or a
sensor (not shown) detecting the attachment of a filling syringe to the inflation
conduit 24.
(i) to determine whether the actual pressure of the balloon 22 exceeds, or
falls below, one or more safety thresholds. For example, a threshold may
indicate the maximum safe inflation pressure. A maximum safe continuous
pressure may, for example, be 35 mmHg. Additionally or alternatively, a
threshold may indicate a minimum safe pressure for operation, below which
the appliance 10 may be unreliable.
(i)  to determine, and optionally monitor, one or more trends in the
pressure indication over time. For example, the pressure may be monitored
to determine whether the pressure (or a time averaged pressure) exceeds, or
falls below, a pressure threshold for a respective time duration associated
with the threshold. The time averaged pressure may be an average over the
respective time duration, or some other time duration. Examples may include
(a) whether the average pressure exceeds 30mmHg for more than 5 minutes,
and/or (b) whether the average pressure exceeds 40mmHg for more than 1
minute. Several different time and pressure criteria may be monitored
simultaneously. For example, if both of above criteria (a) and (b) are
monitored, should either criterion be met, this may indicate that the balloon
pressure is too elevated, and should be reduced. In addition, or as an
alternative, the trend in pressure may be used to detect and/or monitor
leakage of inflation fluid from the balloon 22. Leakage may be a result of a
fault in the appliance (e.g. a puncture in the balloon 22), or it may be a design
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characteristic of the appliance. For example, especially when gaseous
inflation media is used, there may be leakage by permeation through the
material of the balloon wall. Such leakage is not a fault, but should be
monitored and compensated in order to enable the drainage appliance to
remain in situ for the desired extended duration. Additional or alternative
parameters that may be monitored may include the average pressure over a
most recent time interval (e.g. 5 minutes), and the maximum and/or minimum
pressure over one or more certain time intervals, such as: the last 1 hour; the
last 6 hours; the last 12 hours; the last 24 hours.

(iv)  to detect passage of effluent into the drainage appliance, for example,
at the occurrence of a bowel movement. This may be detected by an
identifiable pattern of pressure waves that correspond to the anatomy moving
material through.

(v) to detect intestinal distress by, for example, looking for changes in the
pressure patterns, specifically extended periods of pressure or long periods of
pressure waves indicating attempts for the organ to pass material. It can also
look for periods of high rate of pressure pulses or high pressure pulses as an
indication of distress.

(vi) to determine the GI motility of the patient, for example, by keeping
track of bowel movements (e.g., detected as described above in (iv)) over
extended periods of time and looking for trends or variations against
predetermined norms.

(viii) to read the unique identification from the identification circuit 40, and
monitor the wear-time of the appliance 10 compared to a recommended wear-
time or use-life of the appliance 10. In one form, the identification circuit 40 of
the appliance 10 may contain a count register that is incremented or
decremented in response to signals from the processing circuit 38 to indicate,
e.g. minutes or hours of use. If the count register is set initially to have a
predetermined value, the register may be decremented progressively to zero,
at which point the appliance has been in use for the recommended wear-time.
Alternatively, if the count register is set initially at zero, it may be incremented
progressively until a maximum threshold is reached. The threshold may
optionally be programmed into the identification circuit 40, or it may be a
global value stored in the processing circuit 38. A yet further alternative is for
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identification circuit 40 merely to store the unique identifier, and for the
processing circuit 38 to monitor the duration of use for that identifier.

(ix) to generate one or more alert signals for altering a caregiver or
supervisor, should an improper operating condition occur. The improper
condition may, for example, be over-pressure within the balloon (e.g. an
instant pressure, or a time-average pressure), or too low a pressure, or
detection of a leak, or an improperly seated catheter if no changes are
detected in the pressure over time, or a low battery condition (if the
processing circuit 38 is battery powered), or the appliance 10 having reached
the end of its recommended use-life. The alert signals may optionally include
one or more of: a visual alert; an audible alert; a remote alert signal for
triggering an alert in a remote or central monitoring station with which the
processing circuit 38 is configured to communicate via a wired or wireless
connection.

(x)  to generate a report of one of more monitored values, optionally in
response to an interrogation request from a use. As explained above, the
monitored values may include an average pressure over a certain time
duration, and one or more maxima and/or minima over predetermined
preceding durations. The monitored values may also include the remaining
use-life of the appliance.

(xi)  to generate one or more inflation and/or deflation control signals for
controlling an optional inflation and/or deflation control system 42 coupled to
the inflation conduit 14 at the connector 25, in order to increase or decrease
the inflation pressure, as appropriate. In one form, the system 42 comprises a
source of pressurized inflation fluid (e.g. a pressurized bottle, or a connector
for coupling to a central supply), and one or more electronically controlled
valves (not shown). The valves may be electromagnetic, or electroactive.
The valves may be pulse modulated on/off valves, or variable throttle. In
another form, the system 42 comprises a pump, for example, a micro-pump, a
peristaltic-pump, or a motorized syringe. The pump may be electromagnetic,
or electroactive including driven by heat actuated shape memory wire. The
shape memory wire would be cyclically actuated eclectically by the controller

to drive a fluid pump to fill or empty the retention balloon.

10
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For example, in response to detected over-pressure, the system 42
may be controlled to decrease the balloon pressure by extracting or venting
inflation fluid via the inflation conduit 24. Additionally, or alternatively, in
response to detected under-pressure, the system 42 may be controlled to
increase the balloon pressure by admitting more inflation fluid via the inflation
conduit 14.

Additionally, or alternatively, the processing circuit 38 may be

configured to alternate the inflation pressure of the balloon 22 in a cyclic
manner. For example, the pressure may be increased to a suitable operating
level (such as 20mmHg) to maintain seating of the device in the patient. After
a bowel movement (as can be measured by the pressure transducer 30), the
balloon inflation pressure may be lowered to a resting pressure (e.g. about
5mmHg). The resting pressure may be maintained for a short duration (e.g.
about 5 to 10 minutes) to allow for enhanced perfusion of blood into the local
tissues. The balloon pressure may then be increased back up to the
operating pressure for further use.
(xii) The device may also follow an algorithm which senses a sudden initial
high pressure and by correlating the pressure with pressure drop in the
device, calculates the approximate fill volume. It can then indicate to the
clinician to stop filling, wait a predetermined time (e.g,, in the range of 0.25 to
10 seconds, or more preferably between about 1 and about 5 seconds) and
then indicate the pressure of the static system.

The processing circuit 38 is preferably in integrated circuit form, for
example, a microcontroller, or system-on-a-chip, or a digital signal processor
(DSP), or a logic circuit, or a programmable logic array (PLA). The
processing circuit 38 may include a transceiver for communicating with an
external unit, either wirelessly or via a wired connection. The external unit
may, for example, be a display unit for displaying messages to an operator, or
a data-logging unit, or an alarm unit for generating one or more alarms signals
when desired to alert a caregiver that attention is needed. It may also
comprise communication drivers, e.g. for lights, audio transducers, a display
unit, etc, to present information and alerts to attending caregivers or the
patient. It may be disposable and be powered by a built in power source.
The processing unit may optionally be integrated with the tubular portion of

11
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the appliance, and disposable as an integral item therewith after the tube has
been used. If the processing unit is integrated as part of the tube, the
processing unit may incorporate the identification unit 40.

Optionally, the processing circuit 38 and the system 42 are provided in
a combined control console 34 referred to above. The control console 34 may
be coupled to the connector 25, to automate inflation, deflation and monitoring
of the appliance 10. If there is permanently open fluid communication
between the balloon 22 and the console 34 via the connector 25, the pressure
transducer 30 may optionally be integrated as part of the console 34.

Purely by way of example, Fig. 2 illustrates one example processing
algorithm that may be executed by the processor. The algorithm starts at step
50 of reading a current pressure value from the pressure transducer. At step
52, the current pressure value is combined with previously read pressure
values to calculate one of more pressure value trends. As explained
previously, the trends may, for example, include a value averaged over the
last minute (a “one-minute trend”), and/or a value averaged over the last 5
minutes (a “five-minute trend”), and/or a value averaged over the last hour (a
“one-hour trend”).

At step 54, the calculated trends and/or the most recent instantaneous
value, are compared with a metric or reference model to determine whether
the pressure parameters of the cuff are acceptable. Fig. 3 illustrates an
example metric, defined on a two-dimensional graph of pressure (e.g. vertical
axis 56) vs trend time (e.g., horizontal axis 58). In the form illustrated, the
trend time is represented with a logarithmic scale. The acceptable pressure
parameters are those in the shaded region 60 bounded between upper limit
line 70 and lower limit line 72. Factors limiting the acceptable pressure region
60 in the graph may include:

(@) a pain threshold 62 defining a maximum tolerable pressure on body
tissue before the wearer experiences pain;

(b) a pressure necrosis threshold 64, represented by a relationship
between both pressure and the time over which that pressure is exerted,
before there is a risk of onset of tissue necrosis damage. A relatively high
pressure may be tolerated for a short time before there is a risk of necrosis.

However, a smaller pressure may also create a risk if the pressure is
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maintained for an extended duration. In the metric a safety gap 66 is also
applied to ensure that the acceptable region 60 is clear of the necrosis
threshold 64 by a considerable margin of safety.

(c) a lower pressure limit 72, defining a minimum pressure for retention of
the cuff in the body. If the pressure falls below the lower limit 72, there is a
risk that the cuff may fall out, or be ejected by the body.

The upper limit 70 of the acceptable pressure parameter 60 therefore
includes a short duration “peak” under the pain threshold 62, to enable the
cuff to withstand short term pressure fluctuations, such as transient pressure
increases due to coughing or peristalsis. The peak may last for up to a
second in time duration. Thereafter, the upper limit 70 gradually reduces from
about 100mmHg, with increasing time. The lower limit 72 of the acceptable
pressure parameter 60 includes a local minimum of about 5mmHg for a
fraction of a second. Thereafter, the lower limit rises to a steady value of
about 10mmHg, representing a minimum pressure that should be maintained.
In an alternative implementation, the lower limit 72 may be a fixed value in the
range of 1 to 15 mmHg.

It will be appreciated that the information in Fig. 3 is highly schematic
and intended for the purpose of explanation. Depending on implementation,
only some of the information might be needed. For example, if the only
pressure trends being evaluated are the one-minute, five-minute and one-
hour trends, it will be appreciated that the metric need only store upper and
lower limit values from the lines 70 and 72 for the respective times of one
minute, five minutes and one-hour.

Referring back to Fig. 2, if at step 54 the pressure trends and/or the
instantaneous pressure value are all within the acceptable limits from the
metric, this indicates that no adjustment of the inflation pressure of the cuff is
needed. The process loops back, via return 74, to the step 50, and the
method repeats to continue monitoring the cuff inflation pressure.

If at step 54 one or more of the pressure trends, or the instantaneous
pressure value is not within the acceptable limits from the metric, this
indicates that the inflation pressure of the cuff is not optimal and should be
corrected. There may be a variety of reasons why the inflation pressure is no
longer optimal, including changes in anatomical positioning, slow leakage of
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inflation fluid from the cuff (e.g. by slow permeation through the cuff wall, or by
small leaks in the cuff construction), or a pinched line or fault in the appliance
apparatus.

The process passes to step 76 at which one or more trends of pressure
correction are processed, as explained later below. Unless there is a trend of
the pressure being incorrect, the process will pass through step 76 to step 78.
At step 78, an adjustment of the cuff inflation pressure is calculated and
implemented with a view to correct the cuff inflation. In one example, step 78
calculates one or more correction parameters according to proportional
difference calculations. In another example, existing values are used to look
up one or more pre-calculated corrections in a pre-stored data map. The
calculation at step 78 may optionally be adaptive, so as to refine the
correction calculation according to the success of previous corrections. After
step 78, the process returns via return path 74 to step 50 for a next pressure
reading.

As mentioned above, step 76 analyzes one or more trends of pressure
correction, in order to determine the degree of success of the correction
calculated previously (e.g. as a trend) in step 78. Step 76 may, optionally,
provide one or more adaptation parameters for refining the calculation in step
78 if step 78 is an adaptive calculation. Additionally or alternatively, step 76
judges whether the correction process is coping with the sub-optimal inflation
pressure condition, or whether the sub-optimal inflation pressure condition is
too severe to be accommodated by the correction process. An example of a
condition that may be accommodated is a slow leakage of inflation fluid, either
by permeation through the cuff wall or through small leaks. Step 78 can
accommodate such slow leakage by commanding the inflation source to admit
more fluid to boost the inflation pressure. This may be sufficient to keep the
device seated and in continued use as normal. However, if an inflation fluid
source reservoir runs low, or the leak becomes more serious, the condition
may become non-correctable by the apparatus. Other non-correctable
conditions may include a pinched conduit, a faulty component such as the
pressure sensor, or an excessive internal pressure reading that cannot be
vented. When step 76 judges that the correction is ineffective, the process
branches to an error handling step 80, also referred to as error debug / report.

14
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Step 80 may command several system and/or component tests, test for
fill/pressure transient response, leak response testing, battery power, etc. If
the fault cannot be resolved automatically, step 80 may stop the process, and
generate an alarm or other indication to alert the user or caregiver of the non-
correctable situation.

It will be appreciated that the foregoing description is illustrative of one
preferred form of the invention, and does not limit the scope of the invention.
Many modifications, equivalents and improvements may be included without
departing from the scope of the invention as claimed.
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CLAIMS

1. An intestinal drainage appliance comprising:

a drainage tube having an indwelling portion configured to be inserted,
in use, through an artificial incision in the abdominal wall and through an
artificial incision in the intestinal wall, so as to drain body waste from within
the intestine;

an inflatable cuff carried on the indwelling portion of the drainage tube
for engaging body tissue within the intestine behind the abdominal wall; and

a sensor for directly or indirectly sensing the inflation status of the cuff,
the sensor being configured to generate an output signal selected from: a

wired electrical signal; a wireless signal; and an optical signal.

2. The intestinal drainage appliance of claim 1, wherein the indwelling
portion is configured to pass through the cecal valve.

3. The intestinal drainage appliance of claim 1, wherein the indwelling
portion is configured to reside in the large intestine near the cecal valve and
obstruct flow through the large intestine, diverting the effluent into the
drainage tube.

4. The intestinal drainage appliance of claim 1, wherein the sensor

comprises a pressure Sensor.

5. The intestinal drainage appliance of claim 1, further comprising a
processing unit for processing the output signal generated by the sensor.

6. The intestinal drainage appliance of claim 5, wherein the processing
unit is operable to generate a control signal for controlling an inflation
regulator coupled to the cuff.

7. The intestinal drainage appliance of claim 6, wherein the inflation
regulator comprises at least one selected from: a pressurization source for

increasing inflation pressure; a vent for decreasing inflation pressure.
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8. The intestinal drainage appliance of claim 7, wherein the pressurization

source comprises a pump.

9. The intestinal drainage appliance of claim 8, wherein the pump
comprises heat activated shape memory material that is responsive to heat
generated by passage of an electrical heating current.

10.  The intestinal drainage appliance of claim 5, wherein the processing
unit is operable to determine at least a first trend of the cuff inflation over a

first predetermined time interval.

11.  The intestinal drainage appliance of claim 10, wherein the processing
unit is operable to judge whether the first trend is within a predetermined
acceptable first range.

12.  The intestinal drainage appliance of claim 11, wherein the processing
unit is further operable to determine a second trend of cuff inflation over a
second predetermined time interval, and to judge whether the second trend is
within a predetermined acceptable second range.

13.  The intestinal drainage appliance of claim 5, wherein the processing
unit is operable to determine at least one selected from:

(i) whether the inflation pressure of the cuff exceeds a first safety
threshold;

(i) a pattern of signal variation indicative of passage of effluent into the
appliance;

(i)  a pattern of signal variation indicative of intestinal distress;

(iv)  a Gl motility value for the wearer;

(v) an approximate fill volume of the cuff, by monitoring pressure drop

following set pressure level.

14.  The intestinal drainage appliance of claim 5, wherein the processing
unit is selected from: a processing unit integrated with the appliance to be
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disposable as part of the appliance; a processing unit separate or separable
from the appliance whereby the processing unit is reusable with a
replacement appliance.

15. The intestinal drainage appliance of claim 1, further comprising a
second inflatable cuff at the indwelling portion, and a second sensor for
directly or indirectly sensing the inflation status of the second cuff.

16.  Arectal or urinary tract drainage appliance comprising:

a drainage catheter having an indwelling portion configured to be
inserted into the rectum or urinary tract, and a drainage passage extending in
the catheter for drainage of body waste therethrough;

an inflatable cuff at the indwelling portion for engaging body tissue
inside the body; and

a sensor for directly or indirectly sensing the inflation status of the cuff,
the sensor being configured to generate an output signal selected from: a

wired electrical signal; a wireless signal; and an optical signal.

17.  The rectal or urinary tract drainage appliance of claim 16, wherein the
catheter has a permanently open mouth for permanently allowing entry of

body waste into the catheter for drainage.

18.  The rectal or urinary tract drainage appliance of claim 16, wherein the

SENsor Comprises a pressure sensor.

19. The rectal or urinary tract drainage appliance of claim 16, further
comprising a processing unit for processing the output signal generated by
the sensor.

20. The rectal or urinary tract drainage appliance of claim 19, wherein the

processing unit is operable to generate a control signal for controlling an
inflation regulator coupled to the cuff.
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21.  The rectal or urinary tract drainage appliance of claim 20, wherein the
inflation regulator comprises at least one selected from: a pressurization
source for increasing inflation pressure; a vent for decreasing inflation

pressure.

22. The rectal or urinary tract drainage appliance of claim 21, wherein the

pressurization source comprises a pump.

23. The rectal or urinary tract drainage appliance of claim 22, wherein the
pump comprises heat activated shape memory material that is responsive to
heat generated by passage of an electrical heating current.

24.  The rectal or urinary tract drainage appliance of claim 19, wherein the
processing unit is operable to determine at least a first trend of the cuff

inflation over a first predetermined time interval.

25.  The rectal or urinary tract drainage appliance of claim 23, wherein the
processing unit is operable to judge whether the first trend is within a
predetermined acceptable first range.

26. The rectal or urinary tract drainage appliance of claim 25, wherein the
processing unit is further operable to determine a second trend of cuff inflation
over a second predetermined time interval, and to judge whether the second
trend is within a predetermined acceptable second range.

27. The rectal or urinary tract drainage appliance of claim 19, wherein the
processing unit is operable to determine at least one selected from:

(i) whether the inflation pressure of the cuff exceeds a first safety
threshold;

(i) a pattern of signal variation indicative of passage of effluent into the
appliance;

(i)  a pattern of signal variation indicative of intestinal distress;

(iv)  a Gl motility value for the wearer;
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(v) an approximate fill volume of the cuff, by monitoring pressure drop

following set pressure level.

28. The rectal or urinary tract drainage appliance of claim 19, wherein the
processing unit is selected from: a processing unit integrated with the
appliance to be disposable as part of the appliance; a processing unit
separate or separable from the appliance whereby the processing unit is

reusable with a replacement appliance.
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