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(57) Abstract: A body cavity lining means is disclosed having a fluid chamber (9) and at Jeast one further means (29} for providing
@ liner means rigidity, in use. The at least one further means (23) in one embodiment comprises a further fluid chamber. The provision
of two fluid chambers provides much greater control over the insertion and removal of the Iining means. The provision of tow sep-
arate fluid chambers allows the rigidity of the chambers to be controlled independently of eversion. In one embodiment the lining
N\ means is used to assist in the insertion of an endoscope for performing a colonoscopy. In one embodiment the at least one forther
@\ means for providing liner means rigidity comprises a resiliently deformable extendible elongate member. In another embodiment one
of the twofluid chambers is formed partially by the endoscope or ofher semirigid member, and means is provided for advancing the
= endoscope within the colon. Tn another aspect of the invention a body cavity liner for a predetermined body cavity type is provided,
~~ the liner being adapted to tend to conform to the curvature to the cavity type. In a further aspect a body cavity liner includes an en-
= largeable part for frictionally engaging the body cavity. Inanother embodiment the body cavity liner includes valves means mounted
thereon for resisting the passage of fluid from the liner to the body cavity. The invention also relates to a method of siraightening
or locating a body cavity including positioning a fluid chamber in the body cavity and applying fluid pressure to the chamber in the
body cavity. The invention further provides of a method of analysing material within a body cavity, the method including everting a
liner in the body cavity, withdrawing the liner from the body cavity, and analysing material deposited on the liner.
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For two-letter codes and other abbreviations, refer to the "Guid-
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BODY CAVITY LINER

The present invention relates to a body cavity liner, a method of lining a body
cavity and apparatus for lining a body cavity. The present invention also relates to a body cavity
analysis method and apparatus, and the use of an eversible liner for obtaining material for
analysis from a body cavity.

Colon cancer is a common form of cancer. Evidence suggests that the majority
of colenic malignancy originates in previously berign polyps, and most colon cancer could be
prevented if these palyps were detected and removed while still benign.

Colonoscopy is a commanly used diagnestic procedure when malignancy of the
large intestine is suspected. In this pracedure the interior of the colon is examined using an
elongated flexible fibre optic endoscope.

The endoscope used in transanal colonoscopy includes a flexible tube
sufficiently long that it can extend from the anal canal through the fulf length of the colon so that
its inner end reaches the caecum. Typically an endoscops is 1.8 metres long and approximately
1 centimetre in diameter. The endoscope is sufficiently stiff so that it does not buckle when it is
inserted. The final six inches of the inward (in use) end of the endoscope is usually
manoeuvrable by operating controls at the end of the endoscope outside the patient. The inward
tip of the endoscope typically incorporates a light source and fibre optics for ilumination and
visual observation, and tools for performing irrigation, suction and surgical procedures such as
polyp removat. )

The most commonly used procedure for examining the colon is first fo insert the
endoscope as far as is desired while inspecting as the endoscope advances. A detailed
examination/of the colon is made as the endoscope is withdrawn.

To examine the entire calon, the endoscape is inserted through the anal opening
and anal canal into the rectum, and then advanced through the sigmaid flexure into the
descending colon. The endoscope then passes through the left colic flexure (the splenic flexure)
into the fransverse calon, and then through the right colic flexure (the hepatic flexure). The
endoscope next passes through the ascending colon and finally reaches the cascum.

To insert the endoscope the device Is grasped at a point outside the body near
the anal openiing. The operator pushes the endoscope inwards and also manipulates the
endoscape so that the inward tip is aimed in the required direction. Advancing the endoscobe
within the colen is a difficult procedure. It is particularly difficult to advance the endoscope
through the sharp bends of the colon at the sigmoid flexure and the splenic flexure. When the
endoscope passes through these bends the colon can distend and the pressure of the
endoscope on the colon walls will tend to stretch that portion of the colon through which the
endoscope has already passed, rather than advancing the tip further into the colon. if the colon
becomes irritated by the movement of the colonescope within it, a reflex action of the colon wall
can cause the colon to constrict around the endoscope, increasing the tendency of the colon to
distend lengthwise. This reflex action is caused by the circumferential calonic musculature.
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Muscle relaxants can be given to the patient being examined to relax the circumferential colonic

musculature; however, these relaxants will also refax the longitudinal colonic musculature, which
will cause still further lengthwise stretching of the colon, inhibiting advancement of the
endoscope tip.

The insertion of the endescope can be uncomfortable for the patient. However,
it is generally undesirable to anaesthetise the patient because the patient will be unable o
provide feedback to the person inserting the endoscape regarding the presence or intensity of
pain, which will provide the inserter with 2 helpful indication that the endoscope has been
misdirected.

There is a substantial risk of perforation of the colon by the tip of the endoscope
during insertion, even when perfarmed by skilied and experienced surgeons.

Althaugh the inspection of the colon itself, is mainly performed during withdrawal
of the endoscope, which typically takes approximately 10 minutes, insertion of the endoscope
can take as much as 50 minutes. Too often the insertion of the endoscope is halted when the fip
is at a point short of the caecum because either the patient complains of increasing discomfort
and pain, which indicates the bowel mesentry is being dangerously stretched or looping of the
bawel has occurred, i.e. the bowel lengthens without the tip of the endoscope advancing. For
example, at the sigmoid flexure or the transverse colon, these problems can occur and prevent
further advance. This leaves diagnosis Incomplete because a portion of the colon beyond the tip
of the endoscope will not have been examined.

Another problem with conventional endoscapic advancing devices is that they
tend to sfretch the colon when they reach a corner. This can result in a colon looping around
itself. Looping occurs as a result of applying forward pressure to an endoscape when the
required direction of movement of the endoscope s different to the force applied. (n the prior art,
using the endescape controls the distal end is manipulated to form a hook. The endoscope is
then pulled backwards, which will, under control of a skilled clinician, straighten the colon and
allow fifrther advancement subsequently.

It is known to evert a flexible liner into the colon. The endoscape can then be
inserted into the colon within the liner. US Patent No. 5236423 describes the eversion of a liner
into a body cavity and the subsequent insertion of an endoscape within the liner. Generally such
liners comprise a single walled tube of flexible material. Opposite ends of the liner are secured in
position and fluid is pumped between these opposite ends to cause the liner to evert.

Prior art eversion liners require a pressure of about 3 bar to advance within the
colon. This is a dangerously high pressure for the patient. Generally, the pressure required to
hold the endoscope in position is far less than required for advancing (approximately 0.5 bar as
opposed to 3 bar).

The present invention, in one aspect, seeks to provide an improved liner.

Hitherto the liner, after removal from the patient, has simply been regarded as
waste and has been disposed of.
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The bacterial content of the colon is dynamic; not all micrebial groups are

present in each individual at all times. Medical treatment, geographical distribution, dietary and
sanitary habits all affect the selection of resident microflora.

Infections of the bawel resulting in diarrhoea have long been studied, but the
significance of the normal bacterial microflora in health and disease has received little attention.
For example, there may be a role for altered bacterial microflora in conditions such as irritable
bowel syndrome or chronic constipation.

It has been estimated that aver 400 different species of bacteria comprise the
normal intestinal flora of any given person. Although some details of this microflora can be found
in microbiology texts, the information available on normal colonic microflora is meagre. This data
has mostly been obtained from examination of faecal specimens. The main disadvantage of this
method being that the site within the colon of bacterial colonization for a particular microbe
cannot be identified.

The present invention seeks, in one aspect, to provide improved data concerning
the bacterial content of the colon, and other cellular content.,

According to a first aspect of the present invention, there is provided a body
cavity lining means having at [east one fluid chamber and at least one further means for
providing liner means rigidity, in use.

Prior art systems provide only a single means for providing liner means rigidity.

The at least one further means for providing liner means rigidity may comprise a
fluid chamber. The pravision of two fluid chambers provides much greater control aver the
insertion and removal of the lining means. The provision of two separate fluid chambers
allows the rigidity of the chambers to be controlled independently of eversion.

Of course, more than two fluid chambers could be provided, although this will
result in a more complex structure.

Each of the chambers may include a flexible membrane. The flexible membrane
could be latex or any other suitable flexible material. One of the chambers may also include a
relatively rigid member. For example, this relatively rigid member could be an endoscops, to
which one of the flexible membranes is attached, the chamber being formed between the flexible
membrane and the refatively rigid member.

The lining means may have a double walled portion defining the first fluid
chamber.

The double walled portion of the fining means may extend for substantially half
the length of the lining means, the remaining length of the {fining means being single walled. This
is convenient because, when the first chamber is everted to the maximum extent possible the
double walled portion will extend from the inward tip of the first chamber to the outward end of
the first chamber, which is external to the patient’s body. The entire length of the lining means
could be double walled, altheugh this is not strictly necessary.

The chamber defined by the double walled portion may be divided into a plurafity
of pockets.
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Means may be provided for applying different fluid pressure to respective ones

of the pockets. This will allow the rigidity of the liner to be varied at different locations.

A pocket may be provided with valve means for allowing the passage of
apparatus therethrough. This apparatus could be a surgical instrument.

Respective ones of the pockets may be positioned at longitudinally spaced
intervals along the length of the lining means.

The at least one further means for providing liner means rigidity may comprise a
resiliently deformable extendible elongate member mounted within said at [east ene fluid
chamber.

One ar more of the fluid chambers may be pre-formed with a curved
configuration. Alternatively, one or more of the chambers may be formed with a portion adapted
to facilitate curvature of that portion, when required. These features may advantageously allow
the fining means fo readily conform to the configuration of a patient's calon.

The lining means may be provided with valve means mounted on one of the
chambers, which valve means resists the passage of fluid from the lining means to the body
cavity.

At least one of the chambers may be adapted to carry bacteria from the body
cavity, which can be used for later analysis.

According to a second aspect of the present invention, there is provided a
method of lining a body cavity, including providing lining means having two fluid chambers;
selectively controlling fluid pressure in a first of the chambers so as cause the first chamber to
evert and advance into said body cavity; and selectively controlling fluid pressure in a second of
said chambers.

Because fluid can be separately applied to the fluid chambers, the rigidity of the
chambers can be controlled separately.

A member may be inserted in the lining means, such that eversion of the first
chamber causes the member to advance in the body cavity. As pressure is applied to the lining
means to cause eversion, the first chamber will grip the member, due to application of pressure,
and cause the member to advance with the chamber. This is a convenient way of advancing the
member, which does not require the operator of the endoscope to push the member inwards,

Conveniently, the member is retracted by reducing fluid pressure to the first
chamber whilst applying fluid pressure to the second chamber, the arrangement being such that
the friction between the first chamber and the member is reduced whilst the fluid pressure in the
second chamber causes the first chamber to remain in position in the body cavity. This is
advantageous because the nature of eversion is such that the annular fold at the distal point of
the everting chamber advances at half the speed of the inner surface of the chamber. This
causes the member o advance within the body cavity at twice the rate that the distal point of the
chamber advances. If the member was allowed ta advance within the body cavity, during a
colonoscopy, for example, the member could damage the colon because the protective chamber
would not be present. The ability to retract the member without disturbing the chamber allows
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the person performing the colonoscopy to control the advance of the member by repositioning

the member when the everting fluid pressure is not applied or is at a relatively jow value.

The method may also include the step of withdrawing the lining means from the
bady cavity and analysing material deposited on the lining means.

A semi-rigid or deformable tube or stent may be positioned between the first and
second chambers. This may serve to provide a lumen within the body cavity even when no
pressure s applied to the chambers and the endoscope may be removed.

According to a third aspect of the present invention, there is provided apparatus
for lining a body cavity, including a first chamber, first means for selectively confrolling fluid
pressure in the first chamber to cause the chamber to evert and advance in the body cavity, a
second chamber, and second means for selectively controfling fluid pressure in the second
chamber.

This apparatus facilitates the separate control of eversion fluid pressure to the
first chamber and fluid pressure in the second chamber so that rigidity of the second chamber
can be controlled independently of the evertion fluid pressure applied to the first chamber.

Means for controlling the application of fluid by the first and second fiuid applying
means may be provided such that a member can be inserted info the body cavity as the first
chamber everts. The confralled application of fluid may also enable a vacuum fo be applied to
one or both fluid chambers to facilitate removal.

Preferably a housing is provided for storing at least the first chamber before
eversion and allowing release of the chamber during eversion. The housing may restrict the
stored chamber material from exiting the housing until the chamber material is required as the
member is advanced.

The housing may include an extendible cover partion for accommodating the
chamber material as it is withdrawn from the body cavity. This extendible cover portion may
collect the chamber material as it is removed from the bady cavity, thereby aliowing the chamber
material to be discarded without coming inta contact with other apparatus.

An enlargeable part for frictionally engaging the body cavity may be provided.
The enlargeable part may be formed integrally with one of the chambers, providing an additional
means for locating the chamber, or the enfargeable part may be formed separately from the
chambers and have its own fluid supply. When a separate enlargeable part is provided, this may
be used to distend the colon at the distal point of the first chamber fo facilitate withdrawal of the
first chamber from the colon.

One of the chambers may include a relatively rigid member, and means may be
provided for advancing the rigid member within the body cavity so as to advance the first and
second chambers within the bedy cavity. Means may be provided for advancing the rigid
member by a first amount and subsequently withdrawing the member by a second amount,
smaller than the first amount.
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According to a further aspect of the present invention, there is provided a body

cavity liner for a predetermined body cavity type, the liner being adapted to tend to conform fo
the curvature of the cavity type.

According to another of the present invention, there is provided a body cavity
liner including an enlargeable part for frictionally engaging the body cavity.

According to yet another aspect of the present invention, there is provided a
body cavity liner including valve means mounted thereon for resisting the passage of fluid from
the liner to the bady cavity during eversion. When fully extended into the body cavity the fluid
pressure to the valve may be released to facilitate positioning of an endoscape in order to view
the body cavity during retraction.

In another aspect the present invention provides a method of straightening or
locating a body cavity including positioning a fiuid chamber in the body cavity and applying fluid
pressure to the chamber in said body cavity.

In anather aspect the present invention provides a method of analysing material
within a body cavity, the method including everting a liner in said body cavity, withdrawing said
liner from said body cavity and analysing material deposited on said liner.

As the liner is everted along the length of the bady cavity, each part of the liner
will contact a different part of the wall of the body cavity as the liner progresses. The liner is
removed by re-everting and therefore capturing a “bacterial map” of the colon. The device may
provide information not currently available about the colon. That is, not ohly can the type of
bacteria be detected, but also the location of each type of bacteria within the colon can be
determined.

The material may be analysed at a plurality of locations on the withdrawn liner,
thereby providing an indication of the bacterial status at corresponding locations on the patient's
calon.

The withdrawn liner may be separated into a plurality of parts and the material
deposited on the separated parts may be analysed separately.

In the embodiment a first end of the liner is secured to a spindle and a second
end of the liner is secured to a tubular member which is inserted into the opening of the body
cavity. The liner between the first and second ends is ceiled around the spindle prior to eversion.
Such an arrangement provides a convenient mechanism for storing the liner prior to eversion and
also for storing the liner when it has been withdrawn from the body cavity and prior to analysis.

In the embodiment fluid applied to the liner causes the liner to uncail from the
spindle and evert into the body cavity.

The liner is conveniently withdrawn by rotating the spindle, so as to coil the liner
about the spindle.

[n another aspect, the present invention provides apparatus for obtaining
samples of material present in a body cavity, the apparatus including a hollow housing having a
flanged opening therein, a spindle mounted in the housing, an eversible liner attached at one end
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to said flanged opening and at another end to said spindle, means for rotating said spindle, and

means for supplying fluid to evert said jiner.

Preferably, the finer is adapted for carrying bacteria. This may optimise the
information that can be abtained by the analysis performed on the withdrawn body cavity liner.

The present invention also selates to use of an eversible liner for obtaining for
analysis material from a body cavity.

The methed and apparatus of the invention could be used to train clinitians to
perform a colonoscopy on cadavers or an excised or artificial bady parts.

The term “body cavity” used in this specification should be interpreted to include
a cavity of the human or an animal body but alse inciudes cavities of inanimate bodies such as
pipes.

For a better understanding of the present invention, an embodiment will now he
described by way of example, with reference to the accompanying drawings, in which:-

Figures 1A and B show in cross section a conventional liner, such as described
in US patent No. 5236423, before sversion and during eversion, respectively;

Figures 2A and B show in cross section a liner according to a first embodiment
of the present invention before eversion and during eversion, respectively;

Figure 3 shows a cross-section through a liner in accordance with a first
embodiment of the present invention;

Figure 4 is a cross-sectional view of the liner of the first embodiment being
inserted into the body cavity of a patient;

Figure § is a cross-section taken along line A-A of Figure 4;

Figure 6 Is a cross-sectional view showing the liner of the first embodiment fully
inserted into the body cavity of a patient;

Figure 7 is a cross-sectional view showing apparatus for deploying the liner of
the first embodiment;

Figures 8 and 9 show an alternative application of the liner of the first
embodiment;

Figure 10 shows a cross-sectionat view showing apparatus for deploying a liner
according to a second embodiment of the invention;

Figures 11A to C show a modification to the second embodiment employing an
additional resiliently deformable tubular liner;

Figures 12A and B show a modification to the arrangement illustrated in Figure
8

Figure 13 shows a third embodiment of the invention comprising an inflatable
balloon provided at the distal end of the liner;

Figures 14A and B show an expandable/collapsible stent for use with a fourth
embodiment of the invention;

Figures 15A to C show the deployment of the stent in accordance with the fourth
embodiment;
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Figures 16A and B show a liner with a pre-fonmed curvature in accordance with
a fifth embadiment of the invention;

Figures 17A and B show a modification to the fifth embodiment;

Figures 18A to C show a sixth embodiment of the invention including a valve
formed on the liner;

Figure 19 shows the valve of the sixth embodiment at a different positien, when
the liner is at a different stage of eversion;

Figure 20 shows a partly cross-sectional exploded view of the apparatus for
performing body cavity analysis;

Figure 21 shaws a cross-section taken along the line A-A of Figure 20;

Figure 22 shows a cross-section through a liner;

Figure 23 is a cross-sectional view showing a liner fully inserted into the body
cavity of a patient;

Figure 24 shows the liner stored after withdrawal from a patient's body cavity;

Figure 25 shows schematically the cutting of the body cavity Jiner into a series of
sactions for analysis;

Figures 26A and 26B show the correction of looping of a colon according to a
further embodiment of the invention;

Figure 27 shows a cross-sectional view of a liner including a rigid suppart within
the liner according to another embodiment of the invention; and

Figures 28A and 28B show the provision of fluid pockets in @ membrane
according to an additional embodiment of the invention; and

Figures 29A and 29B shaw access valves provided at the distal end of a
membrane accarding to another embodiment of the inventian.

In the drawings like elements are generally designated with the same reference
numeral.

Figures 1 and 2 illustrate the principle of the first embodiment of the invention
with reference to the prior art. As shown in Figure 1, in the prior art a single walled liner is
formed (as shown in Figure 1A). As the liner everts into the patient’s colon the single walled liner
is folded back over itself (as shown in Figure 1B). In contrast, in the first embodiment of the
present invention, the liner is formed with a double walled portion, as shown in Figure 2A. When
the double walled liner is everted into the colon the finer folds back over itself, forming, in section,
four concentric walls extending longitudinally within the colon,

Figure 3 shows a finer of the first embodiment in its manufactured forr, before
use. The liner may comprise polyurethane or latex, or any other suitable eversible material
known to thase skilled in the art. The liner includes a first portion 1 which is single walled and a
second portion 3 which is double walled. Each of the portions 1 and 3 is 1.8 metres in length,
which is generally the maximum distance that an endoscope is inserted into the human colon to
perform a colonoscapy. Of course, the length of portions 1 and 3 will be varied depending on the
particular application. For example, if the patient is an animal, the lengths of the portions 1 and 3
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will be adjusted in accordance with the length of the animal’s colon. It is preferable that portions

1 and 3 are of substantially equal lsngth.

Figures 4 and 6 show how the liner is inserted into the colon 4. A firstend 5 of
the single walled portion 1 of the linet is fixed in position on an inserting device not shown in
these figures. A second end of the double walled portion 3 of the liner is fixed at position 7 on
the device, Initially, the second end of the liner at pasition 7 is folded over itself to form a first
chamber 9.

Fluid enters the first chamber 9 at point 11. The fluid causes the liner to evert
and travel up the colon 4 in the direction of arrow 13 until the liner is everted sufficiently to line
the required length of the colon 4, as shown in Figure 6.

Figure 5 shows a cross-section taken along line A-A of Figure 4. This
cross-section shows how the double walled portion 3 of the liner is structured. At six equally
spaced locations around the circumference of the double walled portion 3 of the liner the
respective walls are joined by webbing 14 (or by welds, not shown) to form a plurality of fluid
pockets 15. There could, of course, be more or fewer than six joins between the walls, and these
need not be equally spaced.

When the liner is in the desired position within the colon 4, one or more of the
pockets 15 can be used as a channel down which a surgical instrument, or 2 semi-rigid member,
may be passed. When the surgical instrument reaches the distal end of the liner, it will need fo
puncture the distal end to emerge from the liner so that the instrument can have access to the
colon. The pockets 15 which are not acting as channels for surgical instruments may be
configured so that they can have a supply of fluid pressure maintained thereto, if required.
Alternatively, rather than the surgical instrument or other semi-rigid member puncturing the distal
end of the liner, the liner may be provided with one or more access valves at the distal end
thereof (in use), as shown in Figure 29. With this arrangement, instead of there being a
requirement to puncture the finer, the access valve or valves 300 will allow the surgical
instrument or semi-rigid member fo pass therethrough. Preferably, the access valve or valves
300 are configured to form a fluid-tight seal around the surgical instrument/semi-rigid member
passing therethrough, to maintain any desired fluid pressure in the pocket in which the surgical
instrument/semi-tigid member is positioned. Of course, the access valve or valves 300 may be
provided in a liner which is not divided into a series of pockets.

As the liner is initially inserted in the colon an endoscope 17 is positioned within
the [iner. Pressure applied at point 11 to the chamber 9, which causes the liner to evert, wilt also
push the liner against the endoscope 17 so that the endoscope 17 is gripped by the liner and
carried by the liner during eversion.

The nature of the eversion process is such that the inner layer 18 of the liner,
which presses against the endoscope 17 will progress at twice the rate of the distal point 20 of
the liner. Hitherto, it has been difficult for the operator to control the advancement of the
endoscope 17 by grasping the end of the endoscope 17 that is external to the body cavity,
because the pressure caused by the eversion process lacks the inner layer 19 of the liner against
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the endoscope 17. [f eversion pressure was reduced to allow the endoscope 17 to be

repositioned, this was likely to cause the pasition of the liner within the colen 4 to be disturbed,
and could even cause undesired folds to be formed in the liner.

To overcome this problem the liner in accordance with the first embodiment of
the present embodiment includes the double walled portion 3 which forms a second fluid
chamber 23. Fluid is applied to second fluid chamber 23 at point 25. The supply of fluids at
points 11 and 25 is independently controliable so that the pressure in first chamber 8 and second
chamber 23 can be controlled separately. Adjacent pockets 15 formed in the double walled
portion 3 of the liner are in fluid communication and allow fluid applied at point 25 to pass from
pocket o packet.

During eversion of the liner a constant pressure may be applied to the second
chamber 23. The pressure could be varied, for example, to compensate for different extant
emplacement lengths, or if muscular contraction occurs during the insertion process.

When eversion begins, and the endoscope 17 is advanced by contact with the
inner layer 19 of the liner, so that the endoscope 17 begins to extend into the calon 4 beyond the
distal end 20 of the everting liner. Pressure within the first chamber 8 is then reduced by
controlling the fluid pressure applied at point 11. This enables the operator or advancing
apparatus to grasp the external end of the endoscope 17 and reposition the endoscope so that it
does not extend beyond the liner, the reduction in pressure in chamber 9 reducing the grip
between the liner and the endoscope 17. However, the generally constant pressure to the
second chamber 23 Is maintained, which prevents the position of the liner within the celon 4 fram
being disturbed and also prevents undesired folding of the liner. When repositioning of the
endoscope 17 is completed, fluid pressure to chamber 9 is increased and the liner is further
everted. The reduction in pressure to the chamber 9 is repeated periodically fo aflow for
adjustment of the position of the endoscope 17 by the operator until the endoscope 17 is fully
inserted in the colon 4 and the liner is everted sufficiently fo line the required length of the body
cavity, as shawn in Figure 4. When the liner is at its maximum length, the inner layer 19 of the
liner will comprise the single walled portion 1 of the liner and the outer layer 21 will comprise the
double walled layer 3 of the liner. Of course, in many applications the liner will never reach its
maximum length.

By controlling the advance of the endoscope 17 so that its inward tip is
maintained generally in line with the distal point 20 (inward extent) of the liner, the operator has
constant vision, provided by the endoscope, during insertion of the endoscope. Hitherto, in
methods where a liner was everted prior to insertion of the endoscope, the walls of the colon
could generally only be properly inspected as the endoscope (and liner) were withdrawn from the
colon.

When the endoscope 17 is fully inserted (Figure 4) reduction in pressure to the
first chamber 9 of the liner and maintenance of constant pressure to the second chamber 23 of
the liner will allow for the removal of the endoscope 17 without disturbing the position of the liner
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within the colon 4. An altemative instrument to the endoscope 17 may then be inserted into the

calon 4 through the liner.

To remove the liner from the colon 4, pressure applied to second chamber 23 is
reduced while pressure is maintained in first chamber 9. As a result, friction occurs between the
endoscope 17 and the inner layer 19 of the liner during retraction of the endoscope 17 thus
causing the liner to invert. The liner progresses backwards with the endoscope 17. When the
distal tip of the endoscope 17 emerges from the liner half the previously everted part of the liner
will have been inverted, the inner layer 19 of the liner travelling at twice the rate of the distal point
20 Pressure fo the first chamber 9 is reduced and the endoscope 17 is reinserted through the
liner. When the tip of the endoscope 17 reaches alignment with the inward end of the liner,
pressure is reapplied to first chamber 8 and the endoscope 17 is again refracted. Alteratively,
removal of the liner can be achieved by maintaining an amount of pressure in chamber 23 and
physically withdrawing the liner from point 11. It is also possible to exert a vacuum at points 25
and 11 therefore causing the liner to collapse against the endascopes 17 to facilitate removal.

Figure 7 shows the davice used for inserting the liner and the endoscape 17.
The device comprises a storage member 30 in the form of an open-ended cylinder. The first end
5 of the liner is fluid-tightedly sealed to the storage member 30 by seal 32. The starage member
30 stores the liner by having the liner gathered over the storage member 30 in concertinered
form. The liner passes along the outer surface of the storage member 30 and then back on itself
along the inner surface of the storage member 30 towards the colon 4, in use. A first wall of the
second end 7 of the liner is connected to a first fluid source 34 and is sealed thereto by seal 36.
The other wall of the end 7 of the liner is attached to second fluid source 37 by seal 38. Fluid
sources 34 and 37 are operable fo apply fluid to first and second fluid chambers 9 and 23,
respectively.

Although not shown in Figure 5, a rigid tube may be mounted around the front
end of the device to facilitate transanal insertion of the device beyond the patient's sphincter.
The liner everts from this tube.

Aliner-retaining cylinder 39 sutrounds the storage member 30. The retaining
cylinder 39, together with front end cap 40 and rear end cap 42, serve to restrict the liner from
leaving the storage member 30 until this is required in the eversion process.

The endoscope 17 passes through a resulting passage in the retaining cylinder
39, end caps 40 and 42 and fiuid sources 34 and 37 The operatar can grasp the end of the
endoscope 17 which emerges from rear end cap 42 in order to conirol insertion or retraction of
the endascope 17 within the patient’s colon 4.

When it is desired to withdraw the liner from the patient's colon the rear end cap
42 is removed, which allows the liner to progress rearwards with the endoscope 17 as this is also
withdrawn. When the end cap 42 is removed a disposahle cover 44 is fitted over the retention
cylinder 38. The cover 44 has a generally closed end 46, although this closed end does include
a channel 48 which has a diameter slightly larget than the diameter of the endoscope 17 in order
to allow the passage of the endoscope 17 therethrough. As the endoscope 17 is withdrawn
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through the channel 48 the liner is collected within the cover 44, the channel 48 being sized so

as to prevent the passage of the liner therethrough as the endoscope 17 is retracted. The
presence of the cover 44 allows the withdrawn liner to be disposed of, after detaching seals 32,
36 and 38, without the liner needing to make contact with other apparatus and possibly causing
contamination.

The cover 44 is made of a material which can expand axially in order to
accammodate the liner as it is withdrawn from the calon.

Figures 8 and 9 show an alternative use of the bady cavity liner. Here the liner
is everted approximately half way round the colon 4 (Figure 8). The external end of the liner is
connected to a colostomy bag 100. The installed liner allows liquid waste from the patient to be
collected in the colostomy bag. Because in this embodiment no device, such as an endoscope,
needs be to be inserted within the liner, the liner can be stored by winding it around a central
spindle 102 inside a cylindrical casing 104. The liner is everted by applying fluid at a port 106.

The liner can be similarly applied to line a patient’s urinary tract. In this
application the required length of the liner is relatively short and it is not necessary to coil the
liner.

Although net shown, the liner has a double walled structure as shown in Figures
3 to 7. In bath the applications the liner is maintained in pasition and a clear passags for waste is
formed by applying fluid pressure to the double walled portion 3 of the liner.

A particular advantage of the first embodiment is that the liner can be everted
along the colan using a low fiuid pressure (0.2 to 0.5 bar) without the presence of an endoscape
(or similar instrument). The prior art single-walled liners cannot do this because the eversion
pressure would be too high and may damage the colon.

To facllitate eversion of the liner without
an endoscope being present, a reciprocable member can he positioned within the storage
member 30 and the liner, which is slightly smaller than the internal diameter of the storage
member 30. Advancement of the recipracable member in the direction of the distal end of the
colon 4 will push fluid towards the distal end of the liner, thereby freeing up stored liner material
and advancing the liner within the colon 4. Repeated reciprocation of the recipracable member
will provide continued advancement. The reciprocable member may be a solid, cylindrical rod, or
it may be an inflatable member with repeated inflation and deflation providing or mimicking the
reciprocation. This arrangement allows eversion of the liner at low pressure.

Figure 10 shows a second embodiment of the invention which employs two
separate liners or membranes 110 and 112. A further inflatable membrane 114 is also provided
to advance the endoscope within the membrane 110.

The first membrane 110 is mounted on a storage member 116 in the form of an
open-ended cylinder, in a similar manner to the first embodiment. At one end the first membrane
110 is fluid-tightedly sealed to the storage member 116 by seal 118. The other end of the first
membrane 110 is fluid-tightedly sealed by seal 120 to the distal end of the cylindrical surface
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which forms the storage member 116. A fiuid source 122 is operable to apply fiuid pressure to

the chamber 117 of the first membrane 110 between ifs sealed ends.

The second membrane 112 is sealed by means (not shown) to the distal end of
the endoscope 17. Material of the second membrane 112 is stored in concertinered form around
a second storage member 124, and is fluid-tightedly sealed to the second cylindrical starage
member 124 by seal 126. An O-ring seal 130 provides a fluid-tight seal between the storage
member 124 and the surface of the endoscope 17, As the endascope 17 is inserted or removed
from a patient the endoscope 17 will slide with respect to the storage members 116 and 124.
The O-ring seal 130 is operable to maintain a fluid tight seal despite this relative movement. A
second fluid source 128 is operable to apply fluid pressure to the chamber 129 formed between
the surface of the endoscope 17 and the membrane 112.

The third membrane 114 is mounted around the internal surface of a third
storage member 132, which has the form of an open ended cylinder. The ends of the third
membrane 114 are sealed to opposite ends of the outer surface of the storage member 132 by
respective seals 134. A third fluid source 136 is operable to apply fluid to the third membrane
114 between its sealed ends. .

The first and second storage members 116 and 124 are mounted in fixed
relationship to one another, whilst the endoscope 17 is mounted for longitudinal movement within
these members 116 and 124.

To advance the endoscope 17, pressure is applied to first fluid source 122,
which wilf cause the membrane 110 to expand, gripping the endoscaope 17 and the membrane
112 mounted around the endoscope (the membrane 112 not having fluid pressure applied
thereto at this time). Fiuid pressure is then applied to the third membrane 114 using the third
fiuid soures 136. The inflated membrane 114 will grip the endoscope 17 and the second
membrane 112. The storage member 132, together with the membrane 114 attached thereto, is
then moved forward in direction A by approximately 50mm or greater. The action of moving the
storage member 132 and membrane 114 in the direction A by approximately 50mm or greater
will also advance the endoscope 17 and the membrane 112 wrapped around the endoscope hy
50mm by virtue of the pressure applied by the membrane 114. The advancement of the
endoscope 17 will draw stored material of the membrane 112 from the second storage member
124. As explained earlier, the annular fold at the distal end 140 of the liner 110 will advance at
half the rate of travel of the liner 110 along the inner surface of the storage member 116. This will
result in the endoscope 17 advancing at twice the rate of the liner 110.

Next, fluid pressure is released from fluid source 122, allowing the membrane
110 to deflate. Whilst pressure to fluid source 112 is released, fiuid pressure is momentarily
applied to the fluid source 128, the membrane 112 thereby being briefly inflated then deflated.
This action will force the membrane 110 away from the endascope 17, thereby releasing
frictional resistance.
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The third storage member 132, with the third membrane 114 still inflated is then

moved approximately 25mm in direction B, bringing the viewing portion 138 at the distal end of
the endoscope 17 adjacent to the distal end 140 of the first membrane 110.

The pressute fo the third membrane 114 is then released, thereby deflating the
membrane 114, and remaving the gripping force from the endoscope 17. The third storage
member 132 is then moved a further 256mm (approximately) in direction B, so that it is in the
position it occupied before movement in direction A.

With each motion of the storage member 132 in direction A, the first membrane
110 is advanced by 50mm. The subsequent retraction by 25mm of the endoscape 17 does not
retract the first membrane 110. The second embodiment allows the endoscope to be
progressively and controllably advanced within the colon with the first membrane 110, so that the
viewing portion 138 of the endoscope 17 is always within 258mm of the distal end 140 of the first
membrane 110, thereby maintaining a goad view of the surface of the colon during eversion of
the first membrane 110. The continued reciprocation of the third storage member in direction A
and then in direction B may be provided by an automated mechanical linkage which could, for
example, be under the cantrol of & computer. This is highly advantageous compared with prior
art systems requiting manual manipulation of the endoscope 17 within the everting membrane.
Also, the pressure required to advance the present device is between 0.2 and 0.5 bar, much
lower than the priar art.

It should be understood that in prior art methods, high pressure within the
liner/membrane pushes the endoscope around the colon. The high pressure makes the liner
fairly rigid - which may be painful for the patient and probably dangerous if the liner was to burst.
In contrast, in the second embodiment, the membrane 116 is inflated fo a lower pressure so that
the liner just grips the endoscope. The pressure is not required to be high enough to carry the
endoscope forward. However, the inflated liner does gently open up the bowel and thereby
reduces the pushing force required to advance the endoscope 17. The pushing force is applied
by the third membrane 114 to the endoscope 17. The endoscope 17 leads the membrane up the
colon, rather than the membrane pushing the endoscope 17, as in conventional methods. By
using the endoscope 17 controls, the endoscope can be directed around curves in the colon. The
endoscope will guide the membrane around the curves.

It should be appreciated that, in any of the embodiments, the membrane or liner
does not have to pass up the full length of the colon. The endoscope 17 may extend, for
exaraple, twice the distance of the membrane or liner. .

For example, the membrane may evert with the liner for half the length of the
colon. Thereafter, the endoscope may be allowed to proceed at its natural speed, which is twice
the speed at which the membrane everts. Sometimes it is the curvature of the colon nearest the
anus which is most difficult for the endoscope to negotiate — and the membrane will help with
this. The inner parts of the colon may be easier to negotiate, so that the membrane is no lenger
required to advance with the endoscope. In the second embodiment, the travel of the third
membrane 114 in direction A could be more than 50 mm, for example 260 mm. The fravel of the
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third membrane 114 in direction B could be reduced or minimised. These movements could be

varied as the endoscope travels up the colon, according to the conditions.

Figure 11 shows a modification to the second embodiment of the present
invention. In this embadiment a resiliently deformable tubular liner 142 is provided over the
endoscope 17 and the second membrane 112, and within the first membrane 110. The tube 142
may be inserted over the endoscope and first membrane 110 after full insertion of the endoscope
17 within the colon, whereafter the endoscope 17 may be withdrawn (together with the second
membrane 112). This leaves a resilient lining 142 within the colon which aliows the insertion of
other toals, for example those to perform endaluminal surgery.

Thus, a central lumen is provided without requiring any inflation of the first
membrane 110.

Figure 11A shows the arrangement of the tube 142 when the first membrane
110 is inflated and the second membrane 112 is deflated. In this configuration the tube 142 is
compressed to reduce its circumference. In Figure 11B the first membrane 110 is deflated and
the second membrane 112 is inflated. In Figure 11B the tube 142 has retumed to its normal
circumference by virtue of its resilience and also by virtue of pressure applied by the second
membrane 112. in Figure 11C both the first membrane 110 and the second membrane 112 are
deflated. This leaves a cavity 144 arcund the endoscope 17. ltis a now a simple matter to
withdraw the endoscope, leaving an uninterrupted cylindrical cavity within the celon which is lined
by the tube 142. Surgical instruments could be passed up this cavity to perform surgery on the
colon. Alternatively, the endoscope 17 could remain in place, with the annular cavity 144 formed
there around providing access for surgical instruments.

In this embodiment the tube 142 is of circular cross section when at its non-
compressed, rest position.

It should also be appreciated that the tube 142 could be inserted simultaneously
with the endoscope 17. Because the tube 142 is resiliently compressible, it will not interfere with
the actions of the first, second and third membranes, 110, 112, 114, during deployment of the
endoscope 17/tube 142. A resiliently deformable tube 142 may also be employed with the double
walled liner of the first embodiment.

if the endoscope 17 is deployed in accordance with the second embodiment of
the invention, even without the resiliently deformable tube 142, by applying fluld pressure from
fluid source 122 it is possible to remove the endoscope 17 and second membrane 112 whilst
maintaining the first membrane 110 in position within the colon, leaving the colon lined by the first
membrane 110. It will be possible to subsequently reinsert the endoscope 17. A reduction in
fluid pressure from fiuid source 122 may assist in the reinsertion of the endoscape 17. With such
an arrangement, to facilitate removal and/or reinsertion of the endoscope 17 a lubricant may be
appiied to one of the first and second membranes 110, 112 to reduce friction between the
respective membranes.

Having the first membrane 110 in place in the colon and inflated by application of
fluid pressure from fluid source 122 the colon can be made stiffer. This can be advantageous in
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laparoscopic surgery. The stiffness makes the howl easier to handle, and may reduce the

number of laperoscopic instruments required to hold the bowel during the operation, i.e. the
membrane 110 acts as an endoscopic refractor during laperoscopic surgery. The apparatus of
the first embodiment is also suitable for providing rigidity to the colon when the endoscope is not
present.

By applying a negative fluid pressure fo the fluid source 128 the second
membrane 112 will be sucked onto the surface of the endoscope 17. This may assist in removal
of the endoscope 17 from the colon. Further, the first membrane 110 may be sucked, by
application of a negative pressure, onto the second membrane 112 to ease removal of the
endoscope 17 and the first membrane 110.

Figure 12 shows a modification to the arrangement iliustrated in Figure 8. In the
Figure 12 arrangement the dauble walled liner has an inflatable/expandable portion 148 at its
distal end. When the liner is deployed to the appropriate extent within the colon the
inflatable/expandable portion 146 is inflated. The inflation of the partion 146 serves to anchor the
liner in position in the colon. For example, the liner may he passed through the ileocaecal valve,
whereafter the portion 146 is inflated. This allows the bowel contents to be collected in the
lumen of the liner, where free passage can be controlled by inflation and defiation of pockets 16
of the double walled liner. A lumen can also be provided by providing a resilient tube 142 jike the
tube 142 of Figure 11. A bag similar to the bag 100 illustrated in Figure 8 may be provided at the
proximal end of the liner to store the bowel contents. This is essentially a faecal catheter.

in a third embodiment of the invention (Figure 13} an inflatable balloon 148 is
provided spaced apart from the distal end 140 of the membrane 110. Twao fluid channels 150
and 151 pass through a channel (not shown) formed in the endoscope 17. A fluid supply (not
shown) is provided externally of the colon for inflating the balloon 148, when desired. When it is
required to remove the endoscope 17 from the membrane 110, the balloon 148 is inflated via the
fluid channel 150. Fluid pressure is then applied via channel 151 to exert pressure between the
balloon 148 and the end of the liner to assist the tension force required to remove the liner by
pulling the endoscope from outside the colon. The balloon 148 may be stored in a deflated state
within the endoscope 17 when not in use, or the balloon may be kept separately from the
endoscope and passed through the channel in the endoscope to the distal end thereof when
required.

Of course, inflation of the balloon 148 is also advantageous if it is desired to
remove the membrane 110, or any other item in the colon 4, as well as the endoscope 17. As an
alternative to deployment of a balloon 148, some other means for providing mechanical force or
fluid pressure could be provided.

Figure 14 shows a fourth embodiment of the invention. In this embodiment a
stent 152 is provided for use with the apparatus of the secand embodiment of the invention.
Medical stents 152 will be known to those skilled in the art. Essentially, they comprise a tubular
structure which has a circumference which can be increased or decreased by application of
pressure. The expandable/collapsible stent 152 is loaded onto the endoscope 17 over the

JP 2004-508084 A 2004.3.18
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second membrane 112. The endoscape is then deployed to the appropriate position within the

colon 4, in the manner as described in relation to Figure 10. The desired location could, for
example, be near to site of multiple polyps. At the selected location the membrane 112 is
inflated, whilst the membrane 110 is deflated. The inflation of the membrane 112 will expand the
stent from the position shawn in Figure 14A to the configuration shown in Figure 14B. The stent
152 will push against the deflated membrane 110, and the stent 152 will, due to its inherent
characteristics, remain in this configuration until an opposite force is provided. The membrane
112 is then deflated, and a hollow chamber is created between the walls of the endoscope 17
and the walls of the stent 152. Surgical instruments may then be passed down the colon 4
between the defiated membrane 110 (with the stent 152 at its distal end) and the deflated
membrane 112, Alternatively, the endascope 17 could be removed from the colon 4, allowing
greater access for surgical instruments. Tissue specimens, for example, large polyps, can be
removed either in the channel formed between the endoscope 17 and the membrane 110, or
through the uninterrupted channel if the endoscope 17 is removed. When procedures in the area
of the stent 152 are completed, the endoscope 17 is redeployed (if it has been removed). The
membrane 110 is then inflated, which causes the stent 152 to collapse to the configuration
shown in Figure 14A. In its collapsed state the stent 162 is pressed against the deflate
membrane 112 and endoscope 17. The collapsed stent 152 can then be removed from the
colon 4 by withdrawal of the endoscope 17. Of course, it will be understood by those skilled in
the art that the arrangement will also be effective in other body cavities such as the urinary fract,
the vascular system, etc.

Figure 15 shows the arrangements of the membranes 110, 112 and the stent
152 at varlous stages of deployment. Figure 15A shows the stent 152 in a collapsed state
around the endoscope 17 and the membrane 112. The Figure 15B shows the membrane 112 in
an inflated state which expands the stent 152 within the membrane 110. Figure 15C shows the
membrane 112 deflated, leaving an annular cavity 154 between the inner surface of the stent
162 and the outer surface of the endoscope 17/membrane 112.

Figure 16 shows a fifth embodiment of the invention. In this embodiment a
membrane or liner 156 is formed so as to have a curvature in its natural state, as shown in
Figure 16A. As shown in Figure 168, the liner 156 can be arranged so that it has a linear form,
which is cenvenient for storage and also during deployment of the liner 156 within the colon 4.
The liner 156 is arranged so that, when it its linear form, a series of pleats or folds 158 form in
the surface which would normally be the outside of the pre-formed curved. When no force is
applied to the liner 156, it will return to its curved state as ilustrated in Figure 16A. Such an
arrangement is advantageous because the curvature wilf allow the finer 156 to take the natural
shape of the colon 4 when it is deployed. The pre-formed curves may help direct the membrane
through, for example, 90° curves of the colon. This may allow the pressure required to deploy the
membrane to be reduced, which is particularly advantageous if a single walled (iner is being
used. The arrangement may facilitate the insertion of @ membrane without simultaneous

insertion of an endoscope or other semi-rigid member.

JP 2004-508084 A 2004.3.18
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Figure 17 shows a modification to the Figure 16 arrangement. The finer 160 has

a region 162 shown in Figure 17A which is manufactured so that it will readily form a series of
folds to facilitate curving of the liner 160 when deployed in a curved body cavity such as the
colon 4. Figure 17B shows the liner 160 in a curved state. A series of pleats 164 can be seen to
have been formed in the region 162 where the curvature of the liner 160 is at its greatest. The
liner has different rigidity at different points along its length - so that some parts will tend to
remain straight and some will tend to form curves corresponding to the shape of the colon.
Essentially these pleats can be preformed or farmed during the operating procedure by welding
or fixing by some other means to direct the inside liner to conform to the shape of the colon.

Figure 18 shaws a sixth embodiment of the invention. In Figure 18 a single
walled liner 170 is shown, although this liner could have a double walled structure like the double
walled structure of the liner of the first embodiment. The liner 170 has a valve 172 positioned
halfway along the length of the liner (before deployment). In order to deploy liner 170 within the
colon 4, the valve 172 will be in a closed position to maintain fluid pressure for eversion. When
eversion is completed the valve 172 will be positioned coincident with the distal end 174 of the
liner 170 within the colon 4. The valve 172 may be of a similar configuration to the heart valve of
a person, and will operate in a similar manner.

When the liner 170 is fully everted within the colon 4, as shown in Figure 184,
the valve 172 at the distal end of the liner 170 allows the formation of a chamber 176. This
chamber 176 may be inflated by application of fiuid pressure to the chamber 176, pushing the
liner 170 against the calon 4. The valve 172 may be fluid-tight, or will at least resist the passage
of fluid flow therethrough (Fig. 18B}. Once the liner is deployed, as the endoscope 17 travels up
the chamber 176 the valve 172 will be operable to allow the release of excess fluid pressure
which is trapped between the distal end of the endoscope 17 and the valve 172. When the
endoscope 17 reaches the valve 172, the valve is operable to open to the extent to alfow the
endoscope 17 to pass therethrough, as shown in Figure 18C. Parts of the valve may form a seal
around the endoscope 17, maintaining a fluid tight or fluid resistant barrier. Figure 19 shows the
valve 17 spaced apart from the distal end 174 of the liner 170. The valve 17 may oceupy this
position when the liner 170 is not everted to its maximum length. The valve 172 will also occupy
this position momentarily during eversion and invertion of the liner 170 within the colon 4. The
endoscope 17 is shown passing through the liner 172. The liner 170 may be deployed and
everted prior to insertion of the endoscope 17, or the endoscope 17 may be advanced as the
liner 170 is everted. Further the valve 172 can be operated at any stage during inversion to
facilitate movement of the endoscope 17.

A further embodiment will now be described for providing bacterial data from the
colon. The apparatus illustrated in Figure 20 comprises a generally tubular main body 201 which
is closed at one end 203. At the open end 205 of the main body 201 the side walls 207 include
an externally threaded portion 209. The externally threaded portion 209 co-operates with the
internalty threaded portion 211 of an end cap 213 which serves to close the main body 201.

JP 2004-508084 A 2004.3.18
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The internal surface of the closed end 203 of the main body 201 has a hollow

cylindrical part 215 extending therefram. The cylindrical part 215 locates spindle 217 whilst
allowing relative rotation of the spindle 217 within the cylindrical part 215. A corresponding
cylindrical part 219 is formed on the inside of end cap 213. When the end cap 213 is secured to
the main body 201 by co-operation of the screw threads 202 and 211 the cylindrical part 219
locates the other end of the spindle 217 whilst aliowing rotation of the spindle.

The end of the spindle 217 that is accommodated n the cylindrical part 219 of
the end cap 213 includes a non-cylindrical recess 221 into which a correspondingly shaped
protrusion 223 of gear 225 is inserted. When the protrusion 223 is inserted in the recess 221
relative rotation between the spindle 217 and the gear 225 is not permitted. Thus, rotation of the
gear 225 (by external means, not shown) causes rotation of the spindle 217.

The side wall 207 of the main body 201 has an opening 227 formed therein
around which an external flange 229 is formed. The flange 229 has a fluid port 31 formed
therein, fluid for which is provided by canventional external means (not shown).

A suitable liner 233, which can be preformed as shown in Figure 18, is wound
around the spindle 217. The liner 233 is attached at one end 235 to the spindle 233 (Figure 21).
The other end 237 of the liner 233 passes along the internal surface of the flange 229 and is
folded back and secured to the external surface of the flange 229 by fiuid-tight seal 239. The
flange 229 is inserted into the opening of the patient’s anus 241, in use.

Figure 22 shows the liner 233 in the state after manufacture and before use.
The liner may comprise polyursthane or latex, or any other suitable eversible material known to
those skilled in the art. The liner includes a first portion 243 which is approximately 1.8m long
and 30mm in diameter. The second portion 245 is also approximately 1.8m long but is of a
smaller diameter. 1.8m is generally the maximum distance that a liner is inserted into the human
colon. Of course, the length of portions 243 and 245 will be varied depending on the particular
application. For example, if the patient Is an animal, the lengths of portions 243 and 245 will be
adjusted in accordance with the length of the animal’s colon. Itis preferable, although rot
essential, that portions 243 and 245 are of substantially equal length. The portion 243 performs
the function of a swab. That s, it is intended to record a bacterial imprint of the surface of the
colon. The surface of the portion 243 of the liner may be specially freated to make it particularly
suitable for this purpose. It should be understood that it is quite possible to have the entire
fength of the liner 233 formed of a 30mm diameter swab portion, rather than having separate first
243 and second 245 parts. However, the arrangement illustrated in Figure 22 is preferable as it
less wasteful of material.

As mentioned above, when it is intended to swab the patient's colon (i.e. to
obtain a sample of material along the length of the colon), the flange 229 is inserted into the
apening of the patient’s anus. Fluid pressuré is applied to the liner 233 via fluid port 231. The
fluid causes the liner 233 to evert and fravel up the colon in the direction of arrow 246 until the
liner is everted sufficiently fo line the required length of the colon, as shown in Figure 223. The
required length will depend upon how much of the colon the physician wishes to swab.

JP 2004-508084 A 2004.3.18
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Generally, the liner 233 will evert until it reaches the patient's caecum. The liner's path along the

patient's colon will be as that described in relation te the prior art liner described abave, which
was for facilitating a colonoscopy.

As the liner 233 s everted the spindle rotates within cylindrical parts 215 and

5 219 in order to provide further liner material as it is required. Fiuid pressure within the finer 233
urges the liner against the inner surface of the colen. Bacteria o the inner surface of the colon
are transferred to the surface of the liner 233 as the liner contacts the colon. When the liner is
fully extended (Figure 23) the surface of the liner 233 is in contact with the entire inner surface of
the colon that requires analysis. The surface of the liner 233 in contact with the internal surface

10 of the patient's colon will cotrespond to the part 243 of the liner 233, as shown in Figure 3. Fluid
prassure will cause the inner, opposite wallls of the liner to press against each other generally
along the central axis of the colon, thereby temporarily completely blocking the colon. When the
liner 233 is fully extended within the colon the inner walls of the liner will correspond generally to
the second part 245 of the liner as shown in Figure 22.

15 The liner 233 is withdrawn from the colon by engaging the protrusion 223 of the
gear 225 in the recess 221 in the spindle 217. The gear 225 is rotated by external means, as
discussed above. This rotation causes corresponding rotation of the spindle 217. This rotation
will be in the opposite sense to the rotation of the spindle which occurred during eversion of the
liner. The rotation of the spindle 217 will pull the finer back away from the patient's cascum, in

20  the direction indicated by arrow 247. This causes the liner 233 to peal away from the intemal
surface of the colon. Figure 25 shows schematically bacteria 249 from the colen which have
adhered to the surface of the liner 233. The bacteria 249 on the colon are transferred to the liner
233 at position A. As the spindle 217 is rotated this draws the liner in the direction of arrow 247,
as mentioned above. The bacteria, 249, which are adhered to the liner 233 momentarily are

25  located at the distal end of the liner before passing between the two touching inner walls of the
liner, located generally along the central axis of the colon 241. As the liner is withdrawn from the
colon the distal end 251 moves to the first position X indicated by a dashed line. When the distal
end 251 of the (iner is at position X, the bacteria 249 will have moved to position B. After further
retraction of the finer 233, the distal end will be at position Y, and the bacteria 249 will be at

30  position C.

During retraction of the liner 233 from the patient's colen, a continuous fluid
pressure is maintained via port 231. The continuous fluid pressure may be lower than the
pressure used to evert the liner 233 but shiould be sufficient to prevent the liner from folding
during retraction.

35 The transfer of bacteria 249 to the liner 233 requires minimal rubbing action to
transfer the depositions. When the liner 233 has been fully retracted (inverted) the seal 239
between the liner 233 and the flange 229 will be removed. The spindle 217 around which the full
length of the liner 233 is coiled can be removed from the main body 201 by removal of the end
cap 213. The removed spindle 217 and liner 233 (Figure 24) can then be sent away for analysis.

40 For example, this analysis could comprise gradually uncoiling the liner 233 and cutting it into
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small sections, for example, of 10mm in length. The sections could be cultured to detect the

bacteria present at each location along the finer. The informatien derived from each section
provides an indication of the bacteria present at the corresponding location of the patient’s colon.
Hitherto, information about the location of bacteria within the colon has not been available. This
might be particularly useful for medical research by clinicians and drug/food companies, and by
patients who want to know the balance of their microflora.

In conditions that affect the bowel, such as irritable bowel syndrome ar chronic
constipation, a comparison between the normal population’s bacterial microfiora and the patient's
could be made, Also, drug/food companies wanting to assess the effect of new
medications/probiotics on bowel function could use the device.

The apparatus and method described produces a "bacterial map” of the bacteria present
in a patient's colon. The apparatus and method could also be used for cytology. With this
process cells may be flaked from the colon wall by vibration or other means of an abrasive
surface. The cells can then be tested fo see if they are cancerous.

A single wallled liner is shown forming the swab. Alternatively, the structures of the first or
second embodiments can be used fo deploy a swab. In the first embodiment, the swab wouid
correspond ta the liner. In the second embodiment, the swab would correspond to the membrane
110.

A eonventional liner/membrane could be modified for use on a swab by providing a
friction or other nan-smooth surface for the lining/membrane. The surface could be configured to
perform the swab function.

As described in relation to the prior art, looping of the colon 4 may occur as a result of
applying forward pressure tc an endoscope 17 when the required direction of movement of the
endoscope 17 is in a direction different to the force applied. Looping of the colon is shown in
Figure 26A. According to an embadiment of the present invention, the looped colon 4 may be
straightened by pulsing the pressure within the membrane 260 so that the pressure is increased
and then reduced, possibly repeatedly. This will cause the colon 4 walls to move along with the
outside surface of the membrane 260, as shown by the arvows 262. The loop of the colon 4 will
be corrected, the overall length of the looped portion reducing, resulting in “bunching” of the
colon 4 material as shown at 264 in Figure 26B. The membrane 260 may be a conventional
single walled liner, a double walled liner as in the first embodiment or a membrane/endoscope 17
arangement as in the second embodiment.

Figure 27 shows another embodiment of the invention. In this embadiment a single-
walled finer 270 is provided. The liner 270 is inflated by application of fluid pressure from fluid
source 272. However, in contrast to a conventional single-walled liner, a semi-rigid support
member 274 is mounted upaon a storage member 276. The portion of the semi-rigid support
member mounted upon the storage means 276 is in concertinered form, although it may be
mounted in helical or other form. However, the arrangement is such that as the liner 270 everts
material of the semi-rigid member 274 will be released from the storage means 276 so that the
distal end 278 of the semi-rigid support member always contacts the distal end 280 of the liner
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270. Thus, the semi-rigid support member 274 extends automatically as the liner 270 is everted.

Such an arrangement may assist a single-walled liner negotiating curves within the colon.

Figures 28A and 28B show a modification to the design described in relation to Figure 5.
However, in Figures 28A and 28B, instead of the fluld pockets extending throughout the length of
the liner or membrane, the pockets extend for predetermined lengths and may have individually
controlled fluid pressures to provide rigid structures to individual sections of the membrane or
liner. In Figure 28A fluid packets 282 are provided within the liner 284. The fluid pockets 282 are
provided with fiuid from a first supply 286, and the finer is provided with fluid from a second fluid
supply 288. In Figure 28B the liner 284 includes a first set of fluid pockets 286, supplied by first
fluid supply 287. A second set of fiuid pockets 288 is supplied by fluid supply 289. A third set of
fluid pockets 290 are supplied by fluid supply 291. Obviously, the number of fluid pockets in any
one of these sets could be varied according to the requirements. The three sets of fluid pockets
are longitudinally spaced apart from one anather along the length of the liner 284. By having
separate fluid supplies, the fluid pressure in the sets of fluid pockets can be controlled
individually, such that the rigidity of the liner 284 can be varied along its length. Therefore, one
portion of the liner 284 could be made rigid whilst other portions were flaccid. This is particularly
advantageous for negotiating tight curves of the colon 4 during eversion.

During withdrawal of the liner it is desirable that the liner is progressively inverted.
However when the endoscope is withdrawn around a 90° curve of the colon, this will tend to
cause both sides of the liner (the side contacting the endoscope and the side contacting the
colon) to be withdrawn — which is undesirable. Inflating a fluid pecket at the location of a severe
curve will assist in proper inversion by maintaining the liner in position.

Although the sets of pockets in Figure 28A and 28B are shown io be spaced apart
longitudinally, they could alternatively or additionally be circumferencially or vertically spaced
apart.

The pockets could be formed by making a plurality of pockets extending along the entire
length of the membrane — like the pockets 15 of the Figure 5. The pockets could then be closed-
off at required intervals along their length to provide separate sub-pockets, for example, by the
application of heat during manufacture. Each of the sub-packets could be supplied with fluid by a
small flexible pipe.

Alternatively, one of the fluid pockets 282 of Figure 28A could be madified to form a
structure open at each end. If the pocket 282 was formed to be half the length of the fully everted
liner, a surgical instrument or other semi-rigid member could be passed along the pocket to the
distal end of the liner. Because the pocket is open at both ends, the surgical instrument or
member does not need to puncture the pocket (as described in relation to Figure 5), and nor is
an access valve 300 required (as described in relation to Figure 2A).

JP 2004-508084 A 2004.3.18
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CLAIMS
1. Body cavity lining means having at least one fluid chamber (8, 117} and at least

one further means (23, 129, 274) for providing liner means rigidity, in use.

2. Lining means as claimed in claim 1, wherein said at least one further means for
providing liner means rigidity comprises a fluid chamber (23, 129).

3. Lining means as claimed in claim 1, wherein said at least one further means for
providing liner means rigidity comprises a resiliently deformable extendible elongate member
(274) mounted within said at least one fluid chamber.

4. Lining means as claimed in claim 1 or 2, wherein each of the chambers include a
flexible membrane (1, 3, 110, 112, 156, 160, 170, 233, 260, 270).

5. Lining means as claimed in claim 1, 2 or 4, wherein one of the chambers (9, 117,
23, 128) includes a relatively rigid member (17).

6. Lining means as claimed in claim 1, 2, 3, 4, or 5, having a double walled portion
(3) defining a fluid chamber (23).

7. Lining means as claimed in claim 6, wherein the chamber (23) is divided into a
plurality of pockets (15, 282, 286, 288, 290).

8. Lining means as claimed in claim 7, wherein means is provided for applying
different fiuid pressure to respective ones of the pockets (15, 282, 286, 288, 290),

9. Lining means as claimed in claim 7 or 8, wherein a pocket (15, 282, 286, 288,
290) is provided with valve means (300) for allowing the passage of apparatus therethrough.

10. Lining means as claimed in claim 7, 8 or 9, wherein respective ones of the
pockets (15, 282, 286, 288, 290) are positioned at Jongitudinally spaced intervals along the
length of the lining means.

1. Lining means as claimed in claim 6, 7, 8, @ or 10, wherein the double walled
portion (3) extends for substantially half the length of the fining means, the remaining length (1)
of the lining means being single walled.

12. Lining means as claimed in any one of the preceding claims, wherein the at least
one of said chambers (166} is formed with a curved configuration.
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13. Lining means as claimed in claim 1, 2, 3, 4, 5 or 6, wherein the at least one of
said chambers (160) is formed with @ portion adapted to facilitate curvature of that portion.

14. Lining means as claimed in any one of the preceding claims, including valve
means (172) mounted on one of said chambers {170) operable for resisting the passage of fluid
fram the lining means to the body cavity.

15. Lining means according to any one of the preceding claims, wherein at lsast one
of the chambers (233) is adapted to carry bacteria ot other cells from the hody cavity.

18. A methed of lining a body cavity (4), the methed including providing lining means
having two fluid chambers (8, 23, 117, 128); selectively applying fluid to a first of the chambers
(9, 117} so as to cause said first chamber (9, 117) to evert and advance inte said body cavity (4);
and selectively applying fluid to a second of said chambers (23, 129).

17. A method as claimed in claim 186, including inserting a member (17) in said lining
means such that eversion of the first chamber (9, 117) causes the member te advance in said
body cavity (4).

18. A method as claimed in claim 17, wherein the member (17) is retracted by
reducing fluid pressure to the first chamber (9), the arrangement being such that the friction
between the first chamber (9) and the member (17} is reduced whilst the fluid pressure in the
second chamber (23) causes the liner to remain in position in the body cavity(4).

19. A methed according to claim 18, 17 or 18, including withdrawing the lining
means from the body cavity (4), and analysing material deposited on the lining means.

20, A methed according to any one of claims 16 to 19, wherein a deformable tube
(142, 152) is positioned between the first and second chambers (117, 129).

21. A methed according te any one of claims 16 to 20, wherein fluid is applied to cne
of sald chamber (8, 23, 117, 129) to reduce friction between the second chamber (23, 117) and
the first chamber (9, 129).

22, Apparatus for lining a body cavity (4), the apparatus including a first chamber
(23, 117), first means for controlling fiuid pressure in the first chamber (23, 117) to cause said
chamber to evert and advance in said body cavity, a second chamber (23, 129), and second
means for controlling fluld pressure in the second chamber (23, 129).
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23, Apparatus according to claim 22, having a double walled portion (3) defining a
fluid chamber (23).
24. Apparatus according to claim 22 or 23, including means for controlling the

application of fluid by said first and second fluid applying means such that a member (17) can be
inserted into said body cavity (4) as said first chamber everts (8, 117).

25, Apparatus according to claim 22, 23 or 24, including a housing (30, 39, 40, 42,
1186) for storing at least said first chamber (9, 117) before eversion and allowing release of said
chamber (9, 117) during eversian.

26. Apparatus according to claim 22, 23, 24 or 25, wherein said housing (30, 39, 40,
42, 116) includes an extendible cover partion (44, 46} for accommodating the chamber material
as it is withdrawn from said body cavity.

27. Apparatus according to any one of claims 22 to 26, including an enlargeable part
(146, 148) for frictionally engaging the body cavity.

28, Apparatus according to claim 27, wherein the enlargeable part (146) is formed
integrally with ane of said chambers.

29, Apparatus according fe any one of claims 22 to 28, wherein one of the chambers
{129) includes a relatively rigid member (17) and means is provided for advancing the rigid
member within the body cavity (4) so as to advance the first and second chambers (117, 129)
within the body cavity (4).

30. Apparatus according to claim 29, wherein means (114} is provided for advancing
the rigid member (17) by a first amount and subsequently withdrawing the member (17} by a
second amount, smailer than said first amount.

31 A body cavity liner for a predetermined body cavity type, the liner (156, 160}
being adapted to tend to conform to the curvature of the cavity type.

32. Abody cavity liner including an enlargeable part (146, 148) for frictionally
engaging the body cavity (4).
33. A body cavity liner (170} including vaive means (172) mounted thereon for

resisting the passage of fluid from the liner te the body cavity (4).
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34. A method of straightening or locating a body cavity including pasiticning a fluid

chamber (260) in the body cavity (4) and applying fluid pressure to the chamber (200} in said
body cavity (4).

35, A method of analysing material within a body cavity, the method including
everting a liner (233) in the body cavity (4), withdrawing the liner (233) from the body cavity (4),
and analysing material deposited on the liner (233).

36. Use of an eversible liner (233} for obtaining for analysis material from a body
cavity (4).
37. A method according to claim 35 or use aceording to claim 36, wherein the

material is analysed at a plurality of locations on the liner (233).

38. A method or use according to claim 35, 36 or 37, wherein the liner (233) is
separated into a plurality of parts and the material deposited on said separated parts is analysed.

39. A method or use according to claim 35, 36, 37 or 38, wherein a first end of said
liner (233) is secured to a spindle (217) and a second end of said liner (233) is secured to a
member which is inserted into the opening of said bady cavity, said liner between the first and
second ends being ceiled around said spindle (217) prior fo eversion.

40. A methad or use accarding to claim 39, wherein fluid applied to the liner (233)
causes the liner (233) to uncoil from said spindle (217} and evert into the body cavity.

41. A methad or use according to claim 39 or 40, wherein the liner (233) is
withdrawn by rotating said spindle (217} such that the liner (233} is coiled about the spindle
(217).

42, Apparatus for cbtaining samples of material present in a body cavity, the
apparatus including a hollow housing (201) having a flanged opening (229) therein, a spindle
(217) mounted in the housing (201}, and eversible liner attached (233) at one end to said flanged
opening (229) and at another end to said spindle {217), means (223) for rotating said spindle
(217), and means (231) for supplying fluid to evert said liner.

43. Apparatus according to elaim 42, wherein said liner (233} is adapted to carry
bacteria.
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44. A body cavity liner, lining means, method, use or apparatus substantially as

hereinbefore described with reference and/or substantially as illustrated in any one of or any
combination of the accompanying drawings.
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