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DRAINAGE APPLIANCE FOR BODY WASTE

Field of the Invention

The present invention relates to an indwelling drainage appliance for
draining body waste from the rectum, intestinal or urinary tract. The invention
is especially, but not exclusively, useful for an appliance in the form of a
drainage catheter.

Background to the Invention

Indwelling fecal management catheters are utilized to capture and
contain liquid or semi-liquid fecal matter of non-ambulatory hospital patients.
This has multi-fold benefits including: the prevention of contamination of a
patient’s skin by corrosive effluent; the reduction of risk of contamination by
potentially infectious material; and minimization of soiling of the bedding.
Most fecal management catheters in use include an annular inflatable
retention balloon cuff surrounding the distal end of the catheter. The cuff
serves to: (i) rest against the floor of the rectal vault above the external
sphincter to prevent the catheter from being expelled, and (ii) effect a seal to
the rectum, to ensure that effluent is diverted into the catheter as the only exit
for the effluent. The effectiveness in draining waste from the body is
dependent on correct inflation of the cuff. The inflation pressure should be
sufficiently high to retain the appliance properly seated, and provide the
desired seal against the internal tissue. Occasionally, the cuff may be
insufficiently inflated and the appliance becomes dislodged from its position,
resulting in ineffective waste management. There are several reasons for
insufficient inflation, including loss of fluid due to leaks; shifting of placement
within the body; relaxation of the local anatomy; and permeation of fluid
through the material of the balloon cuff wall. In addition to the concerns about
insufficient inflation of the cuff, it is equally important to avoid over-inflation,
because sustained application of high pressure on the surrounding anatomy
may affect local tissues, for example, by restricting blood perfusion within the
tissue or stimulate a defication response ejecting the device..

US-A-2005/0054996 describes one example of a drainage catheter
with an inflatable cuff. The cuff is pre-formed in its fully inflated shape and
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size, to enable full inflation with just modest inflation pressure. A syringe is
used to supply inflation fluid to inflate the cuff. Two fundamentally different,
alternative techniques are described for controlling maintenance of inflation
pressure in the cuff after inflation:

(i) the inflation system can allow the balloon cuff to shrink in volume if
the interface pressure between the device and the internal tissue increases,
maintaining only the desired pressure on the tissue, such as by spring-loading
the syringe plunger to a predetermined level. The syringe remains in open
fluid communication with the cuff, to maintain self-adjustment of the cuff;

(i) the balloon cuff can be fixed in volume once the pressure is reached
on insertion and initial inflation. The inflation line can be sealed closed by a
valve. If this is done at a time when the bowel is relaxed, the pressure on
tissue will only increase when the bowel is in constriction. It is said that, as
this is only a periodic event, the tissue will be fully perfused between
constrictions.

It would be desirable to further enhance the techniques for maintaining
a cuff in a good seating and sealing state, without sustained application of

excessive pressure to surrounding tissue.

Summary of the Invention

The following presents a simplified summary of the invention in order to
provide a basic understanding of some aspects of the invention. This
summary is not an extensive overview of the invention. It is intended to
neither identify key or critical elements of the invention nor delineate the
scope of the invention. Its sole purpose is to present some concepts of the
invention in a simplified form as a prelude to the more detailed description that
is presented later.

Broadly speaking, one aspect of the invention controls cuff distension
by a combination of:

(@) a resiliently deformable device for urging distension of the cuff, the
resiliently deformable device being configured to deform resiliently when the
cuff is compressed, the resilient deformation generating a return force to

counter the compression and urge distension;
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(b)  a fluid-containing chamber of variable size depending on at least one
selected from: degree of distension of the cuff; degree of deformation of the
resiliently deformable device;

(c) a fluid-transfer damper for restricting fluid flow with respect to the
chamber when the chamber changes size, at least when the change
corresponds to compression of the cuff.

With such an arrangement, at steady state equilibrium, the pressure
exerted by the cuff on surrounding body tissue in the rectum or urinary tract
depends on the degree of deformation of the resiliently deformable device.
The pressure characteristic is set by parameters including, for example, the
spring modulus and/or size of the resiliently deformable device. The body
tissue exerts a natural counter force, tending to compress the cuff, and a
balance is achieved where the cuff adopts a distended size appropriate for the
cavity in the rectum, intestinal or urinary tract (inclusive of the bladder) and
the pressure exerted between the cuff and the tissue is balanced by the
resilient deformation of the resiliently deformable device.

The fluid-containing chamber and the fluid-transfer damper act to
restrict the rate at which the cuff can change volume, by generating a dynamic
resistance at least to compression. Compression of the cuff results, directly
or indirectly, in a change of volume of the chamber, producing a back
pressure (positive or negative) in the fluid within the chamber that directly or
indirectly resists the compression. Fluid flows through the damper to relieve
the back pressure, but the damper restricts the flow of fluid such that the back
pressure subsides only relatively slowly. The result is that the cuff
compresses more slowly than would be allowed by the resiliently deformable
device alone. The fluid-transfer damper may act also to restrict the rate at
which the cuff can change volume during distension, or the fluid-transfer
damper may be configured substantially not to hinder distension, only
compression.

The above techniques can provide enhanced control of the cuff, with a
characteristic including both (i) self-adjustment of the cuff over time, and (i)
resistance to rapid compression of the cuff. The self-adjustment of the cuff
over time enables the cuff to compensate automatically for changes in

anatomical volume for example if the wearer changes position, and maintain
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correct distension, without sustained application of excess pressure. If the cuff
is of a fluid-inflated type, the characteristic also permits compensation for
small fluid leakage, for example, permeation through the cuff wall material, or
leakage through small imperfections. At the same time, the resistance to
rapid compression enables the cuff to withstand transient anatomical pressure
perturbations without the cuff collapsing. This permits the cuff to resist short-
term pressure increases, such as pressure from peristalsis, or as may occur
should the wearer cough. Such pressure increases might otherwise cause
the resiliently deformable device to reduce cuff distension in order to
compensate for apparent “over-pressure”. Resisting rapid compression
maintains cuff distension, thereby preventing the cuff collapsing under the
temporary increase in pressure, and maintaining the cuff correctly seated in
the rectum, intestinal or urinary tract. As an alternative to the fluid damping
being done by a passive flow limiting feature, an active configuration could be
used with a sensor monitoring the pressure in the cuff and a timer delaying
the release of pressure for a predetermined time. The release of excess
pressure could be done with an electrically driven valve.

The resiliently deformable device may comprise at least one resiliently
deformable member. The resiliently deformable device may be configured to
be resiliently compressible, or resiliently expandable, according to the design
preferred. Some example embodiments use resiliently deformable foam, for
example, resiliently compressible foam. Other example embodiments use a
resiliently deformable spring. Other example embodiments use a resiliently
compressible foam that is nearly closed cell so that the fluid within can only
escape from the foam slowly thus the foam itself becomes the fluid
dampening mechanism by limiting flow.

In some embodiments, the resiliently deformable device is disposed
within the cuff to directly bear on the cuff. In other embodiments, the
resiliently deformable device is spaced from the cuff, and is in pressure-
communication with the cuff (for example, by inflation fluid).

In some embodiments, the fluid-containing chamber is defined at least
partly by the cuff. In other embodiments, the fluid-containing chamber is
distinct from the cuff, and is associated with the resiliently deformable device.

In either case, the resiliently deformable device may optionally be disposed at
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least partly within the chamber to achieve the functional volume dependency
of the chamber, but other arrangements for operatively changing the chamber
volume may be used as desired. The chamber may be configured to
decrease in volume for a decrease in size of the resiliently deformable device,
or it may be configured to increase in volume with a decrease in size of the
resiliently deformable device.

The fluid may be liquid (e.g., water or saline) or a gas (e.g., air). In the
example embodiments, the fluid is air and the fluid-transfer damper
communicates with the surrounding atmosphere.

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 section illustrating a fecal management catheter
in a first embodiment of the invention.

Fig. 2 is a schematic section illustrating a first example of flow
restriction port used in Fig. 1.

Fig. 3 is a schematic section illustrating a second example of flow
restriction port used in Fig. 1.

Fig. 4 is a schematic section illustrating a modified distal portion
including a bolster chamber.

Fig. 5 is a schematic section illustrating a fecal management catheter
in a second embodiment of the invention similar to the first embodiment.

Fig. 6 is a schematic diagram illustrating an active fluid transfer
damper.

Fig. 7 is a schematic section illustrating an intestinal catheter used in a

transcecal ileostomy.

Detailed Description of the Invention:

Fig. 1 illustrates generally a drainage appliance 10 having a distal
portion 12 insertable into the rectum or urinary tract of a wearer to collect
body waste. The dimensions of the appliance 10 are typically suited to fecal
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management, although it will be appreciated that the same principles may
also be used for urinary management. The appliance 10 is illustrated in the
form a catheter tube 14, although the appliance 10 may have any suitable
form. 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. A drainage passage 22 extends in the tube 14 from the distal portion
12 to the proximal portion 16 for transporting body waste from the body to the
effluent collection device 20. In the illustrated embodiments, the drainage
passage 22 has a permanently open mouth 24 at the distal portion, so that
body waste can enter the drainage passage 22 unvalved. This is believed to
contribute to avoiding concentration of pressure on body tissue in the region
of the distal portion 12. However, in other embodiments (not shown), a valve
(e.g., an inflatable balloon) may be provided for selectively closing the mouth
24 to entry of effluent until evacuation is desired.

The distal portion 12 comprises a distensible cuff 26, for engaging
internal body tissue when the distal portion 12 is in situ in the body. The cuff
26 extends peripherally (e.g., circumferentially) around an outer surface of the
catheter tube 14 at the distal portion 12, and is such that the cuff 26, when
distended, defines an outward projection or shoulder with respect to the
surface of the tube 14. The cuff 26 serves to retain the distal portion in situ
once inserted into the rectum, intestinal or urinary tract, and/or the cuff 26
serves to effect a seal to divert the body waste into the appliance 10 as the
only exit for the body waste. In all embodiments, distension of the cuff 26 is
controlled by a combination of:

(@) a resiliently deformable device 28 for urging distension of the cuff 26,
the resiliently deformable device 28 being configured to deform when the cuff
26 is compressed, the resilient deformation generating a return force to
counter the compression. The resilient deformation may be compression or
expansion;

(b)  a fluid-containing chamber 30 of variable size depending on at least
one selected from: degree of distension of the cuff 26; degree of deformation
of the resiliently deformable device 28. The resiliently deformable device 28

may optionally be disposed at least partly within the chamber 30;
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(c) a fluid-transfer damper 32 for restricting fluid flow with respect to the
chamber 30 when the chamber 30 changes size, at least when the change
corresponds to compression of the cuff 26.

In the present embodiment, the resiliently deformable device 28 is
configured to compress resiliently. The resiliently deformable device 28 is
disposed within the cuff 26 in order to bear directly on the cuff 26 to urge
distension. The chamber 30 is defined at least partly by the cuff 26.
Compression of the cuff 26 resiliently compresses the resiliently deformable
device 28 and reduces the volume of the chamber 30.

Also in the present embodiment, the resiliently deformable device 28
makes the cuff 26 at least partly self-distending without application of
pressure from an external source of inflation fluid. Fluid is still used within the
cuff 26, but as a means for providing auxiliary control over cuff distension.
The resiliently deformable device 28 may have any suitable shape, such as
annular, ring, or other open-loop or closed-loop shaped. The resiliently
deformable device 28 generates an urging force responsive to compression of
the cuff 26.

In one form (not shown), the resiliently deformable device 28 may
comprise multiple segments, each radially extending, and arranged
sequentially in the circumferential direction. Viewed in another way, the
device 28 may comprise radial slots dividing the device into the segments.
The segments may project radially from a central closed-loop hub. The
segments enable the resiliently deformable device to have a high degree of
conformability, because each segment deforms substantially independently of
the others.

In another form, the resiliently deformable device 28 may have a spring
constant that varies in the radial direction. For example, the spring constant
may be greater near the centre than near the radially outer periphery. The
spring constant at an inner region may be at least two times that at the outer
periphery, preferably between about 4 and 8 times that at the inner periphery.
The different in spring constant may be implemented in a single block of
material, or the resilient device 28 may be divided into nested (e.g. concentric)

pieces that together make up a composite device 28. Each piece has a
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different spring constant to give a desired gradient from inner to outer
periphery.

The resiliently deformable device 28 may have a natural (e.g.,
substantially non-compressed) form that is smaller than a natural (e.g.,
unstressed) form of the cuff 26, or substantially the same size as the natural
form of the cuff 26, or larger than the natural form of the cuff 26. The resilient
device 28 may of any suitable material or materials. In a preferred form, the
device 26 is of compressible foam, for example, open-cell foam. The foam
may be of polyurethane (e.g., open-cell polyurethane foam), although any
other resiliently compressible material(s) may be used as desired.

Preferably, the resiliently deformable device 28 is configured or
selected such that, even with maximum permitted deformation, the urging
pressure exerted by the cuff 26 does not exceed a predetermined desired
threshold, considered appropriate for sustained application to tissue without
stimulating a response.. For example, the maximum appropriate threshold
may be 35 mmHg.  Additionally or alternatively, the resiliently deformable
device is preferably configured to be capable of operative deformation of at
least 2/3 of it’s original volume through elastic deformation,

The cuff 26 and the chamber 30 within may be defined at least partly
by a flexible cuff wall 34 that is sealed to the exterior surface of the tube 14 to
contain the resiliently deformable device 28. In one form, the cuff wall 34 is
formed (e.g., molded) in a substantially fully distended form. The fully
distended form is the maximum size and shape that the cuff 26 will adopt in
normal use when inserted into the rectum, intestine or urethra. Alternatively,
the cuff wall 34 may be formed oversize, larger than the fully distended form.
An advantage of forming the cuff 26 in its fully distended form, or larger, is
that the material of the cuff wall 34 does not have to stretch in order to reach
the fully distended form. This enables distension of the cuff 26 at a generally
lower urging pressure exerted by the resilient device 28 than if the cuff wall 34
needs to stretch elastically to reach the fully distended form. A lower urging
pressure may be advantageous in reducing the risks of excessive pressure
being applied to the surrounding anatomy. The cuff wall material may be
elastically stretchable (even though such stretching would not occur in normal
use), or substantially non-stretchable. In a further alternative form, the cuff
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wall 34 may be formed with a size and/or shape smaller than the fully
distended form, and the cuff wall 34 being of elastically stretchable material
configured to stretch under the influence of the urging force exerted by the
resilient device 28. The fully distended form of the cuff 26 is then defined by a
balance between the opposing restoration forces exerted by compression of
the resilient device 28 and elastic stretching of the cuff wall 34.

The cuff wall 34 may be of any suitable biocompatible material,
optionally elastically stretchable or substantially non-elastically-stretchable.
Non-limiting example materials include polyurethane, silicone rubber, or
thermoplastic elastomer. The cuff wall may, for example have a thickness of
between about 5 microns and about 50 microns if made of essentially inelastic
material or 100 microns to 750 microns if the material is elastic. The wall 34
may be substantially impervious to the fluid used within the chamber 30. As
used herein, “substantially impervious” may mean that the flow rate of fluid
through the wall 32 is less than about 1 ml/day at a pressure differential of 35
mlHg. The fluid may be a gas (e.g., air) or a liquid (e.g., saline or water). In
the present embodiment, the fluid is air.

The fluid-transfer damper 32 is configured to regulate fluid flow
responsive to a change in volume of the chamber 20. In the illustrated form,
the fluid-transfer damper 32 is generally passive. The fluid-transfer damper 32
comprises a flow restriction 36 that impedes flow of fluid through the damper
32. In the present embodiment, the fluid-transfer damper 32 is coupled in
direct communication with the chamber 30 within the cuff 26 by a fluid conduit
38 extending between the cuff 26 and the fluid-transfer damper 32, optionally
located at a region of the appliance 10 that, in use, is external to the body of
the wearer. In other embodiments (described later), the fluid-transfer damper
32 may be in indirect communication with the internal volume of the cuff 26,
e.g. in a different fluid containing region or path than the cuff 26.

Various types of fluid-transfer damper 32 may be used. The damper
32 may have the same restriction characteristic impeding fluid flow in both
directions (inlet and outlet). For example, referring to Fig. 2, the restriction 36
may comprise a microporous plug 40 fitted to a port 42. One side of the port
42 communicates with the conduit 38, and the other side of the port 42

communicates with ambient atmosphere. Other forms of partially permeable
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plugs, membranes or other restrictions may be used as desired, for example,
of PTFE, silicone rubber or dense polyurethane foam. The restriction 36 may
have a flow rate characteristic that is dependent on the pressure differential
across the restriction 36, such that a greater pressure differential produces a
higher flow rate. Such a pressure dependency permits very large excess
pressure differentials to subside more quickly. The flow rate of the restriction
36 may be in a range of about 2-15 ml/minute for a pressure differential of 30
mmHg. This may define a shrink-down time for the cuff in a range of from
about 3 to about 10 minutes. The restriction 36 may define a damping time
(e.g. the time period for the pressure to decay to 1/e of an initial value, where
“e” is the natural constant 2.718...) that lies in a range of from about 3 to
about 10 minutes. The restriction 36 therefore serves to slow at least fluid
out-flow from the chamber 30, in order to resist rapid compression of the cuff
26.

In the illustrated form, the fluid transfer conduit 38 extends at least
partly within the tube 14, and is optionally integrated with, or attached to, the
wall of the tube 14.

At the distal portion 12, the fluid transfer conduit 38 communicates, via
an aperture 44, with the chamber 30 within the cuff 26. At the opposite end,
the fluid transfer conduit 38 is coupled to the fluid-transfer damper 32 and, in
parallel, to a connector 46 for an external deflation/inflation source 48. The
connector 46 may, for example, be a Luer activated valve port. The parallel
arrangement means that the fluid-transfer damper 32 does not interfere with
fluid admission/withdrawal through the connector 46. The source 48 may, for
example, be a syringe or other manual or automatic pump. If desired, instead
of the source 48 being an external device coupled by the connector 46, the
source 48 may be integrated as part of the appliance 10, without or without
the connector 46.

In use, in order to prepare the appliance 10 for insertion into the
rectum, intestinal or urinary tract, the source 48 (e.g., syringe) is used to
withdraw fluid from the chamber 30 within the cuff 26 via the fluid transfer
conduit 38. Withdrawal of fluid creates negative pressure in the cuff 26 with
respect to the external ambient atmosphere, and the surrounding atmospheric
pressure collapses the cuff 26 and the resiliently compressible device 28
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within. The fluid-transfer damper 32 will slowly leak fluid (air) back into the
appliance 10, but only relatively slowly, providing ample time for insertion of
the appliance 10 into its operative position while the cuff 26 remains
collapsed.

With the cuff 26 collapsed, the distal portion 12 is inserted into the
patient’s rectum, intestinal or urinary tract as desired for the appliance 10. In
one form, a finger pocket or recess 50 is provided between a portion of the
cuff 26 and the tube 14 for receiving a fingertip to aid guidance and insertion
of the distal portion 12 into position. Once inserted, the source 48 (e.g.,
syringe) is used to re-inject the fluid via the fluid conduit 36, allowing the cuff
26 to distend. In general, the cuff 26 is not maintained distended by positive
inflation pressure within the cuff 26, but instead is self-distending by the action
of the resiliently deformable device 28. Re-injecting the fluid allows
restoration of atmospheric fluid pressure in the cuff, enabling the resiliently
deformable device to decompress. However, it will also be appreciated that,
upon insertion into the rectum or urinary tract, the cuff 26 may be expected to
distend to a slightly smaller size in situ, than the fully distended size prior to
use. Reinjecting the same quantity of fluid might generate a slight positive
fluid pressure within the cuff 26, but any such positive pressure will not be
sustained, as it will progressively diminish as the excess fluid escapes slowly
through the fluid-transfer damper 32 to restore atmospheric fluid-pressure
equilibrium, as explained below. Temporary positive pressure during the
insertion process can help to move tissue or fecal matter out of the way of the
device allowing it to position properly.

The process of coming to equilibrium involves the flow of fluid through
the fluid-transfer damper 32. The pressure on tissue is ultimately determined
by the spring modulus and/or size of the resiliently deformable device 28
within the cuff 26. If the cuff 26 is over-distended, the pressure exerted
between the cuff 26 and the tissue is higher than the spring modulus of the
resiliently deformable device 28 is designed to bear. The cuff 26 is squeezed,
and the fluid within the chamber 30 comes under pressure. The pressure (or
back-pressure) in the fluid is substantially equal to the excess pressure that
the resiliently deformable device 28 does not bear. The back-pressure resists
compression of the cuff 26. Fluid from the chamber 30 passes outwardly
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through the fluid-transfer damper 32 to relieve the back-pressure, but the
fluid-transfer damper 32 restricts the fluid flow, such that the back-pressure
subsides slowly. The flow rate through the damper 32 is dependent on the
pressure differential, in order to avoid a high excessive pressure being
maintained for too long. However, the cuff 26 compresses progressively at a
slower rate than would be allowed by the resiliently compressible device 28
alone. As the cuff 26 compresses, the resiliently deformable device 28
deforms further, thereby generating a progressively increasing urging force to
counter the compression. The fluid continues to escape until the fluid
pressure in the chamber 30 is atmospheric (zero back-pressure), at which
point the balance is restored between the pressure exerted between the cuff
26 and the body tissue, and the resilient deformation of the device 28.

If the cuff 26 is under-distended, and the expansion pressure
generated by the resiliently deformable device 28 is greater than tissue
resistance, fluid will be drawn in through the fluid-transfer damper 32, and the
resiliently deformable device 28 will tend to expand the cuff 26 to the fully
distended form, or until tissue resistance matches the modulus of the
resiliently deformable device 28. As explained above, if the fluid-transfer
damper 32 also restricts the rate of fluid in-flow, the cuff 26 will tend to distend
more slowly than under the influence of the resiliently deformable device 28
alone. Such a characteristic provides a certain delay that permits the cuff 26,
when compressed, to be inserted into the rectum, intestinal or urinary tract.

With such an arrangement, at steady state, the pressure exerted by the
cuff 26 on surrounding body tissue in the rectum, intestinal or urinary tract
depends on the degree of deformation of the resiliently deformable device 28.
The pressure characteristic is set by parameters including, for example, the
spring modulus and/or size of the resiliently deformable device. The body
tissue exerts a natural counter force, tending to compress the cuff 26, and a
balance is achieved where the cuff 26 adopts a distended size appropriate for
the cavity in the rectum, intestinal or urinary tract, and the pressure exerted
between the cuff 26 and the tissue is balanced by the resilient deformation of
the resiliently deformable device.

The fluid-containing chamber 30 and the fluid-transfer damper 32 act to
restrict the rate at which the cuff can change volume, by generating a dynamic
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resistance at least to compression. Compression of the cuff 26 causes a
change of volume of the chamber 30, producing a back pressure in the fluid
within the chamber 30 that directly resists the compression. Fluid flows
through the damper 32 to relieve the back pressure, but the damper 32
restricts the flow of fluid such that the back pressure subsides only relatively
slowly. The result is that the cuff 26 compresses more slowly than would be
allowed by the resiliently deformable device 28 alone.

The above techniques can provide enhanced control of the cuff 26,
with a characteristic including both (i) self-adjustment of the cuff 26 over time,
and (ii) resistance to rapid compression of the cuff 26. The self-adjustment of
the cuff 26 over time enables the cuff 26 to compensate automatically for
changes in anatomical volume for example if the wearer changes position,
and maintain correct distension, without sustained application of excess
pressure. At the same time, the resistance to rapid compression enables the
cuff 26 to withstand transient anatomical pressure perturbations without the
cuff 26 collapsing. This permits the cuff 26 to resist short-term pressure
increases, such as pressure from peristalsis, or as may occur should the
wearer cough. Such pressure increases might otherwise cause the resiliently
deformable device 28 to reduce cuff distension in order to compensate for
apparent “over-pressure”.  Resisting rapid compression maintains cuff
distension, thereby preventing the cuff 26 collapsing under the temporary
increase in pressure, and maintaining the cuff 26 correctly seated in the
rectum, intestinal or urinary tract.

The fluid-transfer damper 32 may optionally include a status indicator
(not shown) indicating whether a pressure differential exists at the damper 32,
at least of a certain magnitude. For example, the status indicator may be an
expandable element responsive to pressure differential. If a pressure
differential exists, this is indicative that the cuff has not reached equilibrium,
and is in the process of changing shape, or resisting short term pressure
perturbations. If no pressure differential exists, this indicates that the cuff has
reached equilibrium. Such an indication may be useful for practitioners and
care-givers, especially to verify the status of the cuff after insertion into the

rectum or urinary tract.
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The example of fluid-transfer damper 32 of Fig. 2 has substantially the
same restriction to fluid flow in either direction of flow of fluid through the
damper 32. If preferred, the fluid-transfer damper 32 may be configured to
have a directional flow characteristic (e.g., different flow characteristics for
inflow an outflow directions). For example, Fig. 3 illustrates a fluid-transfer
damper 32 similar to that of Fig. 2, but additionally comprising a directional
bypass valve 52. The bypass valve 52 is responsive to pressure differential
across the valve 52. A positive pressure on the side of the valve 52
communicating with the chamber 30 causes the valve 52 to close, such that
the damper 32 restricts the flow rate of fluid flowing out of the chamber 30 in
the same way as described for Fig. 2. A negative pressure on the side of the
valve 52 communicating with the chamber 30 causes the valve 52 to open to
bypass the restriction 36, and allow in-flow of fluid to relieve the negative
pressure, at a faster flow rate than through the restriction 36. The flow rate for
in-flow may be substantially unrestricted so that the speed of distension is
controlled mainly by the resiliently deformable device, or the flow rate for in-
flow may be restricted (e.g. by the valve 52) to a lesser extent than the flow
rate set by the restriction 36. For example, the flow rate for in-flow may be at
least 50ml per minute (at a pressure differential of 20 mmHg). The cuff 26
may fill from a fully collapsed form to a fully distended form in a minute or
less.

Fig. 4 illustrates a modified distal portion 12 of the appliance 10. The
cuff 26 is partitioned into two chambers 30 and 60, one arranged outside, or
around, or surrounding the other. The outer chamber is the chamber 30
containing the resiliently deformable device 28. The inner chamber is a
bolster chamber 60 that provides an inflatable support or bolster for the distal
portion 12. An inflation conduit 62, optionally functionally independent of the
fluid conduit 28, communicates with the bolster chamber 60 to permit
controlled inflation and/or deflation with a bolster inflation fluid. The bolster
inflation fluid may be the same as, or different from, the fluid used within the
chamber. The bolster fluid may be liquid (e.g., water or saline), or gas (e.g.,
air). The bolster chamber 60 is optionally made of material that, at least at the
pressure used to inflate the bolster chamber 60, does not stretch
substantially.
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When inflated, the bolster chamber 60 provides an additional degree of
support at the cuff 26. The bolster chamber 60 holds the tube 14 open at
distal portion 12 ensuring that, even though the tube 14 may be made of a
relatively soft and flexible material, the mouth 24 does not become
substantially constricted. Even though the cuff 26 is configured to vary in
distension during use, the bolster chamber 60 remains substantially inflated,
and changes in cuff size are accommodated by changes in the volume of the
chamber 30. The chamber 30 also acts as a self-adjusting, compliant cushion
around the bolster chamber 60 so that the inflation pressure of the bolster
chamber is not applied to the body tissue.

For insertion or removal of the appliance 10, the bolster fluid is
evacuated from the bolster chamber 60. With the bolster chamber 60
deflated, the distal portion 12 is substantially compliant, allowing the tube 14
to be collapsed for ease of passage through the rectum, intestinal or urinary
tract.

The bolster chamber 60 may be inflated by fluid from a source urged
by a second resiliently deformable device (not shown) generally stiffer than
the resiliently deformable device 28, in order to inflate the bolster chamber 60
to a firm pressure. Once inflated, the bolster chamber 60 may be sealed to
prevent the bolster chamber collapsing in use until it is desired to collapse the
bolster chamber 60 for removal of the appliance 10.

Additionally or alternatively, the provision of the bolster chamber 60
may enable the spring constant of the resiliently deformable device 28 to be
softer than if the bolster chamber 60 is omitted. The bolster chamber 60 can
perform some of the structural support function that would otherwise have to
be performed by the resiliently deformable device 28 alone. In one form, the
in order to collapse the cuff 26 to a form insertable to or removable from its
operative position in the body, it is possible merely to evacuate the fluid from
the bolster chamber 60. Without the bolster, the outer chamber 30 may be
sufficiently soft and compliant even without evacuating its fluid. Optionally,
the connector 46 may be omitted.

Fig. 5 illustrates a second embodiment of the invention. The second
embodiment is similar to the first embodiment, and the same reference

numerals denote equivalent features to those already described. The main
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difference is that, in the second embodiment, the resiliently deformable device
28 and the associated fluid-containing chamber 30 are arranged in a
distension control unit 70 outside the cuff 26. The distension control unit 70 is
in pressure communication with an inflation chamber 72 of the cuff 26 by
means of an inflation line 74. The provision of the distension control unit 70
outside the cuff 26 may enable the cuff 26 to be made more compact, and
collapse to a smaller shape, than in the first embodiment, but at the expense
of additional fluid coupling to provide pressure communication between the
cuff 26 and the distension control unit 70.

The distension control unit 70 comprises a movable seal or plunger 76
separating the chamber 30 from the inflation fluid side. One end (or portion) of
the resiliently deformable device 28 is configured to be engaged by the
plunger 76, and an opposite end (or other portion) of the resiliently deformable
device 28 rests against a fixed seat 78. The movable plunger 76 and the
inflation line 74 subject the resiliently deformable device 28 to substantially
the same pressure within the cuff chamber 72, but the chamber 30 remains
out of fluid communication with the cuff chamber 72. The inflation fluid used
within the cuff chamber 72 may be same as, or different from, the fluid in the
chamber 30. The inflation fluid may be liquid (e.g. water or saline), or a gas
(e.g. air).

In the form illustrated in Fig. 5, the resiliently deformable device 28
comprises a spring, for example of metal. The spring is configured as a
compression spring, although in other examples an extendable spring may be
used. The spring is optionally an elongate coil spring, which can provide
relatively large deformation. If preferred the spring could also be replaced by
resiliently deformable foam as in the first embodiment.

The fluid-transfer damper 32 may be substantially the same as
described for the first embodiment, and disposed at the distension control unit
70 to communicate with the chamber 30.

The distension control unit 70 further comprises a connector 80 similar
to the connector 46 of the first embodiment. The connector 80 permits fluid to
be withdrawn from the chamber 30 in order to collapse the cuff 26 for insertion
or removal of the distal portion 12 of the appliance 10 with respect to the
rectum, intestinal or urinary tract. Withdrawal of fluid from the chamber 30
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creates a negative pressure in the chamber 30 with respect to the pressure
(typically atmospheric pressure) on the inflation side communicating with the
cuff 26. In effect, the atmospheric pressure acting on the cuff 26 is no longer
balanced within the chamber 30. The pressure differential causes the plunger
76 to squeeze the resiliently deformable device 28 causing compression of
the device 28. The inflation fluid within the cuff 26 transfers towards the
distension control unit 70, allowing the cuff 26 to collapse.

The function of the second embodiment when in the body is similar to
the first embodiment, except that the resiliently deformable device 28 and the
chamber 30 are arranged distinct from the cuff 26, and pressure is
communicated between distension control unit 70 and the cuff 26 by the
inflation line 74.

At equilibrium, the fluid-transfer damper 32 plays no role. The pressure
exerted between the cuff 26 and the surrounding body tissue depends on the
degree of deformation of the resiliently deformable device 28, and parameters
such as the spring modulus and/or size of the resiliently deformable device
28. The fluid-transfer damper functions to provide a dynamic resistance to
change in deformation of the resiliently deformable device 28, at least when
the change corresponds to compression of the cuff 26. In addition to the
same self-adjusting effect for controlling cuff distension, the second
embodiment can also compensate for any small leakage of inflation fluid from
the chamber 72 of the cuff 26. Small leakage might be caused, for example,
by permeation through the cuff wall material, or by leakage through small
imperfections.

The degree of deformation of the resiliently deformable device 28 may
provide an indication of the fill status of the cuff 26. At least a portion of the
housing of the distension control unit 70 may define a window to enable the
state of the resiliently deformable device 28, and/or the position of the plunger
76 to be viewed. The window may be include indicia or other calibrations to
indicate the cuff fill status.

The second embodiment may also comprise the optional bolster
chamber 60, and the bolster inflation line 62, for providing additional structural
support at the distal portion 12 of the appliance 10. A connector 82 provides
a port communicating with the bolster inflation line 62. Although not shown in
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Fig. 5, the second embodiment may also include a coupling 18 and effluent
collector 20 similar to the fist embodiment, and/or the finger pocket 52.

Although the fluid-transfer damper 32 is illustrated in the foregoing
embodiments as a separately identifiable device, the damper 32 may be
implemented by, or combined with, another device. For example, the fluid-
transfer damper 32 may be defined by a fluid line of limited cross-section that
defines a restriction or resistance to fluid flow therethrough. Alternatively, the
fluid-transfer damper 32 may be integrated as part of the cuff 26 or resilient
deformable device 28, by again defining a restriction to fluid flow
therethrough. For example, the damper may be defined by the cuff material
itself restricting fluid flow therethrough.

As a further option, the fluid transfer damper 32 may be an active
device. For example, referring to Fig. 6, the fluid transfer damper may
comprise an electrically operable valve 90, and a control circuit 92 for actively
controlling the valve 90 in response to detected pressure or pressure
difference. The pressure (or pressure difference) may be sensed by a
pressure sensor 94. The pressure sensor 94 may be coupled to measure
pressure in the vicinity of the valve 90, or at some other location in the
appliance. The control circuit 92 may comprise a processor or state machine.
The valve 90 may be an open-close valve, or a variable throttle valve. The
control circuit 92 controls the timing and/or throat size of the valve 90. The
control circuit 92 controls the valve 90 to resist to transient fluid flow, at least
in the outflow direction corresponding to compression of the cuff, e.g. by
delaying opening the valve under such conditions, or setting a slow flow rate.
The control circuit 92 also controls the valve 90 to permit self-adjustment over
time, by opening the valve in the absence of transient variation. The control
circuit 92 may also control the valve 90 to open to allow the cuff to distend
easily, in a similar manner to the damper arrangement of Fig. 3.

Fig. 7 illustrates a drainage appliance which is a transcecal ileostomy
catheter 100 of the type described in US 20080312614 A1. This catheter 100
(also referred to as a balloon catheter) includes a distal portion having a distal
resiliently deformable device 28 within the distal cuff 26 surrounded by the
cuff wall 34. The distal portion is inserted within and blocks the small

intestine. A proximal portion includes a proximal cuff 26’ having a resiliently
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deformable device 28’ within a cuff wall 34’. The proximal portion is inserted
within and blocks the large intestine.

The proximal portion includes a separate fluid admission and
withdrawal system from the distal portion. It includes a connector 4%,
restrictor 36’, fluid transfer chamber 32’, and aperture 44°.

In use this transcecal ileostomy catheter 100 is designed for the
drainage of intestinal fluids. The catheter 100 is adapted to be
percutaneously inserted through the abdominal wall and large intestine wall
into the small intestine. The distal and proximal portions are designed to be
expanded within the small intestine behind the Bauhin valve and in the large
intestine, respectively. The balloon catheter allows drainage of intestinal
fluids/feces such that a portion of the intestinal tract after resection is
bypassed.

It will be appreciated that the foregoing description is illustrative of
preferred embodiments of the invention, and that many alternatives,
equivalents and improvements may be included within the claims of the

invention.
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The embodiments of the present invention for which an exclusive

property or privilege is claimed are defined as follows:

1. An appliance for draining body waste from the rectum, intestines
or urinary tract, the appliance comprising a distal portion configured for
insertion into the rectum, intestine or urinary tract, and the appliance further
comprising:

(a)  acuff at the distal portion for engaging body tissue;

(b)  a resiliently deformable device for urging distension of the cuff,
the resiliently deformable device being configured to deform
resiliently when the cuff is compressed, the resilient deformation
generating a return force to counter the compression and urge
distension;

(c) a fluid-containing chamber of variable volume depending on at
least one selected from: degree of distension of the cuff; degree
of deformation of the resiliently deformable device;

(d)  a fluid-transfer damper for restricting fluid flow with respect to
the fluid-containing chamber when the chamber changes size, at
least when the change corresponds to compression of the cuff,
wherein the fluid transfer damper is disposed in a port having
one side communicating with the fluid-containing chamber and

another side communicating with ambient atmosphere.

2. The appliance of claim 1, further comprising a tube defining a
drainage passage and extending to the distal portion, the cuff extending
around a peripheral surface portion of the tube at the distal portion of the
appliance.

3. The appliance of claim 1, wherein the resiliently deformable

device is arranged within a first chamber.

4. The appliance of claim 3, wherein the fluid-containing chamber

has a size that varies according to degree of deformation of the resiliently
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deformable device.

5. The appliance of claim 1, wherein the resiliently deformable

device is arranged within the cuff.

6. The appliance of claim 1, wherein the resiliently deformable

device has a closed-loop form.

7. The appliance of claim 1, wherein the resiliently deformable
device has a first spring modulus at an inner periphery and a second spring
modulus at an outer periphery, the first spring modulus being different from

the second spring modulus.

8. The appliance of claim 1, wherein the resiliently deformable
device is selected from: a device comprising one foam member or a plurality

of foam members; a spring member.

9. The appliance of claim 8, wherein the resiliently deformable
device comprises a plurality of foam member segments arranged sequentially

in a peripheral direction.
10. The appliance of claim 8, wherein the resiliently deformable
device comprises the plurality of foam members, and wherein the plurality of

foam members are arranged one within another.

11.  The appliance of claim 1, wherein the fluid-containing chamber
is defined at least partly by the cuff.

12.  The appliance of claim 1, wherein the fluid-transfer damper is
disposed at a portion of the appliance that is distinct from the cuff and, in use,

is outside of the body.

13.  The appliance of claim 1, wherein the fluid-transfer damper
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comprises a structure of a resilient foam from which fluid can only escape

slowly.

14. The appliance of claim 1, wherein the resiliently deformable
device and the fluid-containing chamber are arranged in a distension control
unit that is distinct from, and coupled in pressure communication with, the

cuff.

16.  The appliance of claim 14, wherein a fluid inflation line couples
the distension control unit and the cuff to provide said pressure
communication, the fluid inflation line being part of an inflation-fluid-containing

region not in fluid communication with said fluid-containing chamber.

16.  The appliance of claim 14, wherein the fluid-transfer damper is

disposed at the distension control unit.

17.  The appliance of claim 14, wherein the degree of deformation of
the resiliently deformable member is used to indicate, or to generate an

indication of, fill status of the cuff.

18.  The appliance of claim 1, wherein the resiliently deformable
device is configured to be resiliently compressible with compression of the

cuff.

19. The appliance of claim 1, wherein the fluid within the fluid-

containing chamber is air.
20.  The appliance of claim 1, wherein the fluid-transfer damper has
substantially the same flow characteristic in both directions of fluid flow

through the fluid-transfer damper.

21.  The appliance of claim 1, wherein the fluid-transfer damper has
a first fluid flow characteristic for fluid flowing in a first direction through the
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fluid-transfer damper, and a second fluid flow characteristic for fluid flowing in
a second opposite direction through the fluid-transfer damper, the first and

second fluid flow characteristics being substantially different.

22. The appliance of claim 1, wherein the fluid-transfer damper is
selected from: a microporous member defining a restriction to fluid flow
therethrough; a fluid conduit of narrow cross-section defining a restriction to
fluid flow therethrough; material constituting the cuff itself restricting fluid flow

therethrough.

23. The appliance of claim 1, wherein the fluid-transfer damper
defines a damping time interval in a range of from about 3 minutes to about

10 minutes.

24. The appliance of claim 1, wherein the fluid-transfer damper
defines a flow rate of between about 2 ml and about 15 ml per minute at a

pressure differential of 30 mmHg.

25.  The appliance of claim 1, comprising a port through which fluid
is withdrawn to collapse the cuff for insertion or removal of the distal portion at
the body.

26.  The appliance of claim 1, wherein a port communicates with the

fluid-containing chamber.

27.  The appliance of claim 1, further comprising an inflatable boister
chamber at the distal portion for providing structural reinforcement when
inflated.

28.  The appliance of claim 27, wherein the cuff comprises inner and

outer chambers, the inner chamber being nested within the outer chamber
and defining the inflatable bolster chamber.

CA 2804352 2019-03-25



24

29. The appliance of claim 27, comprising a further resiliently
deformable device for generating an urging force for urging fluid inflation of
the bolster chamber, the second resiliently deformable device having a spring
modulus greater than that of the first mentioned resiliently deformable device.

30. The appliance of claim 28, further comprising a device for

sealing the inflation volume of the bolster chamber after inflation.

31.  The appliance of claim 27 wherein, when the bolster chamber is
in a collapsed state, the cuff is insertable to and removable from an operative

position within the body without evacuating other fluid from the cuff.

32. The appliance of claim 1, further comprising an indicator for
indicating pressure and/or pressure differential status for at least one of: the

fluid-containing chamber; the fluid transfer damper.

33. The appliance of claim 32, wherein the indicator comprises an
expandable element that indicates pressure difference with respect to

surrounding atmospheric pressure.

34. The appliance of claim 32, wherein the fluid transfer damper
comprises a valve, and a control circuit for controlling the valve in response to

detected pressure and/or pressure differential.

35. The appliance of claim 34, wherein the control circuit is
operative to control variably at least one selected from: the timing of the valve;
the flow rate through the valve.

36. The appliance of claim 1 having two chambers, one chamber for
expansion and contraction with respect to small intestines, and the other

chamber for expansion and contraction with respect to large intestines.

37.  An appliance for draining body waste from the rectum, intestines
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or urinary tract, the appliance comprising a distal portion configured for
insertion into the rectum, intestine or urinary tract, and the appliance further
comprising:

(a)  a cuff at the distal portion for engaging body tissue;

(b)  a resiliently deformable device for urging distension of the cuff,
the resiliently deformable device being configured to deform
resiliently when the cuff is compressed, the resilient deformation
generating a return force to counter the compression and urge
distension;

(c) a fluid-containing chamber of variable volume depending on at
least one selected from: degree of distension of the cuff; degree
of deformation of the resiliently deformable device;

(d)  a fluid-transfer system comprising a fluid-transfer damper for
resisting a change in cuff distension or deformation of the
resiliently deformable device, at least when the change
corresponds to compression of the cuff, wherein the fluid
transfer damper is disposed in a port having one side
communicating with the fluid-containing chamber and another

side communicating with ambient atmosphere.

38. The appliance of claim 37 wherein in use the pressure exerted
by the cuff at equilibrium on surrounding body tissue is (i) dependent on a
modulus of elasticity of the resiliently deformable device, and (ii) independent
of the fluid transfer damper.

39.  The appliance of claim 37, wherein the fluid-transfer damper is
configured to resist compression of the cuff by relatively transient pressure
perturbations, and to permit establishment of pressure equilibrium relatively

non-transiently.
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